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Description

[0001] The present invention belongs to the technical field of protective pads for use in cycling garments to provide
protection against pain and/or injuries and/or discomfort in the pelvic and/or genital area of a cyclist, e.g. a professional
athlete, during training or racing.
[0002] For instance, said cycling garment may include cycling shorts, a cycling suit or a triathlon suit.
[0003] In particular, the present invention relates to an improved protective pad for a cycling garment, able to effectively
prevent the risk of pain and/or injuries and/or discomfort in the pelvic and/or genital area during riding, and a cycling
garment including the same.
[0004] Also, thepresent inventionconcernsamethod formeasuringpressuredistributionata saddle-human interface in
a riding position, in particular for obtaining data regarding individual load patterns at the human-saddle interface for one or
more subjects.
[0005] Also, the present invention concerns an improvedmeasurement saddle for use in the above-mentionedmethod.
[0006] Finally, the invention concerns a method of manufacturing the above-mentioned protective pad, in particular
based on the data regarding individual load patterns at the human-saddle interface obtained through the above-specified
method.
[0007] Over the last few decades, cycling has become a popular sport and its positive effect on health and cardior-
espiratory fitness has been widely demonstrated [1].
[0008] However, cyclists may encounter some health risks, in particular in terms of pain, injuries or other discomfort in
the pelvic or genital area.
[0009] Especially with longer riding times (as in the case of professional athletes), a significant proportion of cyclists feel
discomfort in the pelvic and/or genital area, such as numbness and irritation. Some of them also suffer from sexual
dysfunction or chronic lymphedema, which in the worst cases may require surgical intervention.
[0010] In addition to friction and moisture, these complaints are mainly caused by unphysiological load on the pelvic
and/or genital area while riding.
[0011] The potential health risks for cyclists, e.g. road cyclists, in particular professional athletes, have been widely
investigated.
[0012] In particular, several studies have been carried out overtime considering the effects of cycling, in particular road
cycling, on the reproductive system and the genitals.
[0013] The majority of these studies are focused on cycling-related issues in male athletes.
[0014] On the other hand, research concerning cycling-related issues in female athletes has beenmuch less frequent.
[0015] Nonetheless, the risk of pain and/or injuries and/or discomfort in the pelvic and/or genital area equally concerns
both female and male cyclists, especially in case of professional athletes.
[0016] Astudy revealed that the percentageof serious female cyclists, in particular road cyclists, suffering frompain and
numbness in the genital area is larger than in swimmers or runners [2].
[0017] In the present context, with the definition "serious cyclist" it is intended a competitive athlete (either professional
or non-professional) or, at least, an experienced athlete with aminimum of one cycling tour of at least 1.5 hours per week.
[0018] Another study revealed that around 40% of female road cyclists suffer from sitting discomfort in the crotch area
[3].
[0019] Yet another study revealed that 30‑40% of female cyclists experience genital numbness and sensory dysfunc-
tions [4], which also correlates with decreased arousal and orgasm [5], [6].
[0020] In competitive cycling, the number of athletes reporting numbness or genital pain increases towards 63% [7].
[0021] Both inmale and female athletes, pain and/or injuries and/or discomfort in the pelvic and/or genital area seem to
largely depend on pressure loads at the human-saddle interface.
[0022] For this reason, pressure distributions at the human-saddle interface have been the focus of several studies
[8]‑[10].
[0023] The interface regionbetween thesaddleand theathlete canbedivided intoanterior andposterior regionsdefined
along the longitudinal axis, as well as left and right regions defined along the mediolateral axis. In particular, the pressure
configurationon thesaddle shows three regionsof intense load: oneon theanteroposterior axis in theanterior regionof the
saddle, caused by the perineumand/or the genitals, the second and third in the posterior region of the saddle, respectively
on the left and right side of the anteroposterior axis, caused by the ischial tuberosities [11]‑[14].
[0024] Potter et al. revealed that men’s and women’s saddle pressure distributions are different for anatomical reasons
[11].
[0025] Here, studies have been carried out with a pressure measurement mat while subjects pedaled at 100W and
200W.For the involved11 femalesubjects, thecenterofpressurewasonaverage further to the rear than for the involved11
male athletes. As in male athletes, the pressure distribution in female athletes also varied depending on the seating
position. In particular, when increasing the inclination angle of the upper body, a loading shift from posterior to anterior, as
well as a decreasing distance between the posterior pressure centers could be observed. With an increased inclination
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angle, the pressure distribution becomes more punctual. Potter et al. explain this as being due to the anterolaterally
expanding pubic ramus of the female hip bone, which increasingly loses contact with the narrowed saddle with an
increased upper body inclination angle [11].
[0026] This suggests that a differentiated protection for male and female cyclists could be desirable in order to more
effectively prevent the occurrence of pain and/or injuries and/or discomfort in the pelvic and/or genital area.
[0027] Sauer et al. found that the anterior pelvic tilt in female cyclists is greater than for males, which is in line with the
generally more anterior saddle loading in females [15].
[0028] In contrast, Carpes et al. [16] found no differences in pressure values when comparing an upright trunk position
with an inclined trunk position in female athletes.
[0029] Anatomically, the skin in the female genital area is thinner andmechanically less resistant than normal skin [17].
[0030] Also, the additional fat tissue and the weak connective tissue on the outer side of the labia can foster infections
and edematous swellings [17].
[0031] Moreover, Leibovitchetal. [18]suspect that, both inmaleand femalecyclists, thenervesandbloodflowunder the
outer organs are affected as a result of pressure at the human-saddle interface, which can again lead to numbness and
other dysfunctions [19].
[0032] Different saddle designs and geometries, e.g. presence/absence of a cutout in the perineal region, presen-
ce/absence of cushioning and/or cushioning level, may have a significant impact on the risk of pain and/or injuries and/or
discomfort for the athlete.
[0033] However, this aspect is highly subjective and greatly varies depending on the anatomy and/or preferences of the
individual.
[0034] The positive effects of saddle design and geometry remain controversially discussed in the literature.
[0035] While Taylor et al. [8] and Sommer et al. [9] found that saddles with central cutouts improved comfort, to the
contrary Partin et al. [10] contradicted these findings.
[0036] Noseless saddles are found to reduce pressure in the anterior pubis, but, unfortunately, do not provide sufficient
support for the rider from a stability point of view [20]‑[22].
[0037] Overall, no study was able to identify a significant correlation between saddle design and geometry and the
occurrence of sexual dysfunction and/or genital pressure [10], [21], [23], [24].
[0038] Specific cycling garments, such as shorts or suits, provided with a protective pad have proven effective in
reducing pressure at the human-saddle interface [25], thereby improving theoverall comfort conditions for the cyclist [25].
[0039] Besides, these padded garments also show positive effects on moisture and temperature [27] and friction
reduction due to seamless designs [28].
[0040] Padded garments, e.g. shorts or suits, therefore introduce another important variable worth of further investiga-
tion.
[0041] In Larsen et al. the sensory manifestations of a non-conservative pad design were investigated. In this
experiment, the anterior height in cycling short padding was decreased by reducing the foam material thickness in the
genital area by more than 60%. The study revealed that participants with a reduced pad were more likely to experience
numbness and pain in the crotch area [3].
[0042] However, it has to be considered that athletes respond very differently to distinct solutions.
[0043] The wide majority of padded cycling garments include a unisex protective pad. That is, the pad design does not
consider differences in anatomy between male and female cyclists.
[0044] Presently, there are only a few garments, mostly in the high-priced range, which are specifically adapted to the
female anatomy.
[0045] Also, there are models of padded garments having a locally-adjusted stiffness in order to generate a more
physiological load. This is mainly implemented by the use of gel inserts (e.g., W bike Bibshorts Hotbond produced by
Löffler) orby theuseofmaterial inserts (e.g.,UMAGTVBibShortsC2orGoreLongDistancebib shorts+womenproduced
by Assos) in the area of the sit bones.
[0046] Pressure distribution at the human-saddle interface varies significantly between cyclists.
[0047] In particular, pressure distribution may greatly vary depending on anatomy, mobility, posture and/or previous
injuries of the cyclist.
[0048] Therefore, there is the need for a solution that provides for a proper individualization of pad design, allowing to
effectively reduce the risk of pain and/or injuries and/or discomfort in the pelvic and/or genital area [21], [25].
[0049] In particular, there is a strongly-felt need for a solution that allows to provide an improved and more effective
dampening in those areas where pressure load at the human-saddle interface is higher.
[0050] It is therefore an object of the present invention to provide an improved protective pad for a cycling garment,
allowing to provide an enhanced and more effective protection against the risk of pain and/or injuries and/or other
discomfort in the pelvic and/or genital area of a cyclist, in particular a female cyclist,more particularly a female road cyclist,
while simultaneously improving the overall comfort conditions.
[0051] Another object of the present invention is to provide a cycling garment, such cycling shorts, a cycling suit or a
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triathlon suit, including the above-mentioned pad.
[0052] Yet another object of the present invention is to provide a method for reliably measuring pressure distribution at
the human-saddle interface.
[0053] Also, it is an object of the present invention to provide a measurement saddle for use in the above-mentioned
method.
[0054] A still further object of the present invention is to provide a method of manufacturing a protective pad as defined
above, in particular based on data regarding load patterns at the human-saddle interface obtained through the above-
mentioned method.
[0055] The present invention concerns a protective pad for a cycling garment, said pad including a 3D-printed body
madeof a lattice structure,wherein said lattice structure comprises different regions characterizedby at least one different
mechanical property.
[0056] The present invention provides a protective pad for a cycling garment.
[0057] In particular, said protective pad includes a 3D-printed body made of a lattice structure.
[0058] In particular, said lattice structure comprises different regions characterized by at least one different mechanical
property.
[0059] The invention is based on the basic idea that, by the provision of protective pad for a cycling garment including a
lattice structure having different regions each characterised by different mechanical properties, it is possible to provide an
improved and better-tuned protection, e.g. based on the anatomy of the cyclist and/or the effective pressure level at the
human-saddle interface in each different region. Further, the use of a lattice structure offers a high degree of design
freedom,allowing to locally adjust themechanical propertiesof theprotectivepad.Also, said lattice structuremaybeeasily
obtained through additive manufacturing with reduced costs.
[0060] Advantageously, said mechanical property may include thickness.
[0061] Accordingly, it is possible to provide a lattice structure where two or more regions are characterised by different
thicknesses, e.g. based on the effective pressure level at the human-saddle interface for each of said regions.
[0062] In particular, regions characterised by a higher pressure level (level with a higher pressure level than other
regions of the pad) at the human-saddle interface may have an increased thickness, so as to provide an improved
dampening effect.
[0063] Advantageously, the lattice structuremaybeagridmadeof apluralityof grid cells, each includingcrossingbeams
defining a void therebetween.
[0064] This allows to prevent sweat from being retained within the structure, which may generate irritations and
discomfort.
[0065] Accordingly, the overall comfort conditions for the cyclist during riding may be significantly improved.
[0066] Advantageously, grid cells defining regions of the lattice structure having a higher thicknessmay include beams
which are larger in cross-section.
[0067] Similarly, grid cells defining regions of the lattice structure having a reduced thicknessmay include beamswhich
are smaller in cross-section.
[0068] Otherwise stated, the thickness level in each region canbe tunedbyactingon the thicknessof the beams forming
each grid cell.
[0069] Advantageously, the regions of the lattice structure having a higher thicknessmay correspond to regions that are
subject to a higher pressure load at the human-saddle interface in a riding position.
[0070] Similarly, the regionsof the latticestructurehavinga reduced thicknesscorrespond to regions thataresubject toa
lower pressure load at the human-saddle interface in a riding position.
[0071] The present invention also provides a cycling garment including the above-defined protective pad.
[0072] For instance, said garment can be cycling shorts.
[0073] Alternatively, said cycling garment can be a cycling suit.
[0074] As a further alternative, said cycling garment can be a triathlon suit.
[0075] Triathlonsuitsaresimilar to cyclingsuits, but usually includeanarrowerprotectivepad toallow theathlete toswim
and run without having any discomfort connected to the presence of the protective pad.
[0076] Preferably, said cycling garment is specifically designed for the anatomy of a female cyclist.
[0077] Even more preferably, said cycling garment is specifically designed for the anatomy of a female road cyclist.
[0078] Thepresent inventionalso relates to amethod formeasuringpressure distribution at the human-saddle interface
on a static cycle.
[0079] The method includes the step of performing a cycle-fitting process while a participant is pedaling sitting on a
saddle of the static cycle in a riding position, for adjusting at least a position, height and inclination of the saddle, a position
of the handlebar and crank arm lengths.
[0080] Cycle-fitting processes are known in the art and are usually implemented to optimize bike settings based on the
characteristics and/or preferences of the athlete.
[0081] This allowsnot only to improve theperformancewhile riding, but also to prevent injuries, e.g. due toa sub-optimal
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position on the bike while riding.
[0082] Thisevenmoreapplies in caseof professional cyclists, usually spendingasignificant numberof hourson thebike
for both training and racing.
[0083] Usually, cycle-fitting processes may comprise the following steps:

- collecting data for the assessment of a participant both off the bike and on the bike, e.g. comprising one or more
among:

interviewing theparticipant todeterminehis/her ridingpositionpreferences, level of cycling,areasofdiscomfort or
the like;

collecting anthropometric data of the participant, both off the bike and while pedaling in the riding position of said
participant. Inparticular, saidanthropometric datacanbecollected inastandingpositionof saidparticipant and/or
while pedaling in the riding position of said participant, and

measuring hip flexibility of the participant, e.g. through a goniometer;

- defining an optimal riding position based on the collected data, and

- providing optimized bike settings for the participant, e.g. comprising size of the bike frame and size/settings for those
components of the bike that influence the riding position, e.g. the saddle, seat post, handlebars, and/or crank arm
lengths.

[0084] For instance, the cycle-fitting process can be carried out by using an idmatch smart bike (idmatch, Selle Italia®,
Casella d’Asolo, Italy).
[0085] According to the invention, the cycle-fitting process may advantageously comprise the following steps of:

collecting anthropometric data of said participant, in particular in a standing position of said participant and/or while
pedaling in the riding position of said participant, and
implementing a real-time algorithm for defining optimized parameters for adjusting at least a position height and
inclination of the saddle, a position of the handlebar and crank arm lengths, based at least on the collected
anthropometric data of the participant.

[0086] The method further includes:

providing a measurement saddle;

layering a first amount of a plastically deformable material on a carrier structure of the measurement saddle;

providing a cover on said plastically deformablematerial, layered on the carrier structure of themeasurement saddle;

replacing the saddle of the static cycle with the measurement saddle;

forming a first mold in a dynamic condition, while the participant is pedaling on the measurement saddle in the riding
position;

removing the first mold from the measurement saddle;

layering a new amount of plastically deformable material on the carrier structure of the measurement saddle;

providing a cover on said plastically deformable material, layered on the carrier structure;

forming a second mold in a static condition, while the participant is sitting on the measurement saddle in the riding
position with the crank arms of the static bike placed in a horizontal position;

removing the second mold from the measurement saddle;

performing a 3D scanning process of the first mold and the second mold;
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superimposing the obtained 3D scans along a reference coordinate system, and implementing software means for
generatingasurfacemodel of the superimposed3Dscansandobtainingdata regarding individual loadpatternsat the
human-saddle interface for the participant.

[0087] For example, said plastically deformable material can be soft plasticine.
[0088] In particular, the inventors have found that, in this context, soft plasticine provides the most appropriate
deformation ranges as a molding mass.
[0089] Also, said plastically deformable material, e.g. soft plasticine, is suitable for re-use in multiple measurements
thanks to its ability of deforming in a reversible manner without any change to its properties.
[0090] By implementing measurements both in dynamic and static positions, it is possible to define individual load
patterns at the human-saddle interface with a high level of reliability.
[0091] Thecycle-fitting process canbe implementedwhile the participant is pedalingon the static cycle for 15minutes at
60 rpm and 100W in the riding position.
[0092] The step of forming the first mold can be performed while the participant is pedaling on the static cycle for 20
minutes at 60 rpm and 100W in the riding position.
[0093] The step of forming the secondmold canbe performedwhile the participant is sitting on themeasurement saddle
in the riding position for 20 minutes, changing the left/right foot position after the first 10 minutes.
[0094] Preferably, said riding position is a position on the drops.
[0095] With "positionon thedrops" or "dropsposition", it is intendedapositionwhere the subject holds thehandlebar of a
bike, preferably a racing bike, maintaining his/her hands on the curved portion of said handlebar, behind the levers of the
brake and the shift.
[0096] Alternatively, said riding position can be a position on the tops.
[0097] With "position on the tops", it is intended a position where the subject holds the handlebar of a bike, e.g. a
mountain bike, maintaining his/her hands on the straight portion of said handlebar.
[0098] As a further alternative, said riding position can be a position for time-trial, where the cyclist has his/her hands
holding aero bars.
[0099] Advantageously, the above-mentioned anthropometric data of the participant may include hip width.
[0100] Additionally or alternatively, said anthropometric data of the participant may include hip rotation angle.
[0101] Additionally or alternatively, said anthropometric data of the participant may include lumbar angle.
[0102] Preferably, said anthropometric data of the participant include a combination of hip width, hip rotation angle and
lumbar angle.
[0103] This allows to obtain anthropometric data characterised by a high level of reliability.
[0104] Preferably, the hip rotation angle ismeasured in the sagittal plane between the thigh and lumbar spine alignment
when performing a maximum possible forward bend.
[0105] Preferably, the lumbar spine angle is defined by the angle between the lumbar and thoracic spine orientation in
the same forward bend.
[0106] Preferably, said anthropometric data of the participant are collected by using a depth-sensing camera.
[0107] This provides a simple way to perform anthropometric data collection with a high level of accuracy.
[0108] Advantageously, the definition of optimized parameters for adjusting at least a position, height and inclination of
the saddle, a position of the handlebar, and crank arm lengths may be further based on a pain status of the participant.
[0109] Additionally or alternatively, the definition of optimized parameters for adjusting at least a position, height and
inclination of the saddle, a position of the handlebar, and crank arm lengths may be further based on continuously
measured joint angles.
[0110] By further considering a pain status of the participant and/or continuously measured joint angles, it is possible to
define said optimised parameters with an improved level of accuracy.
[0111] The step of layering the plastically deformable material on the carrier structure of the measurement saddle may
comprise providing a first layer and a second layer of said plastically deformable material, e.g. soft plasticine, on said
carrier structure.
[0112] Preferably, each of said first and second layers has a height of 15 mm.
[0113] This allows to obtain a mold that reliably reflects pressure points at the human-saddle interface.
[0114] The method may further include the step of providing a mark on the obtained first mold and second mold, at a
predefined location along the longitudinal axis of the carrier structure.
[0115] For instance, said mark may be carved in the mold.
[0116] The mark is used as a reference point in 3D-scanning and data analysis.
[0117] Advantageously, the 3D-scanning processmay be carried out by placing each of the first and secondmolds on a
rotary plate, after covering each of the first and second molds with a chalk spray.
[0118] Accordingly, a reliable 3D-scan of the first and second molds can be obtained.
[0119] Themethodmay further comprise removing residual plastically deformable material protruding from the bottom
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end of the first and second molds.
[0120] This can be performed, for instance, by using a knife.
[0121] Accordingly, said molds can be located in a planar position for 3D-scanning.
[0122] After replacement of the saddle of the static cycle with themeasurement saddle, themethodmay further include
dropping the seatpost of the static cycle of 15 mm.
[0123] This allows to achieve the position suggested by the cycle-fitting process, considering the height differences
between the saddle of the static cycle bike and the measurement saddle.
[0124] The present invention further provides a method of manufacturing the above-described protective pad for a
cycling garment.
[0125] In particular, the method comprises implementing the above-described method for measuring pressure dis-
tribution at the human-saddle interface on a static cycle for at least one participant.
[0126] This allows to obtain data regarding individual load patterns at the human-saddle interface for said at least one
participant.
[0127] For instance, said participant canbea roadcyclist, in particular a female roadcyclist, as in theexperimental study
described below.
[0128] The method further comprises generating a digital mold model of the lattice structure, based on said data
regarding individual load patterns at the human-saddle interface for the at least one participant.
[0129] Still further, the method comprises implementing a 3D-printing process for manufacturing the protective pad,
based on the generated 3D model.
[0130] By manufacturing a protective pad for a cycling garment based on a 3D model that considers individual load
patterns at the human-saddle interface, it is possible to obtain a cycling garment which is able to provide an improved
protection against pain and/or injuries and/or discomfort in the pelvic and/or genital area, in particular by providing an
enhanced dampening effect in those areas that are subject to higher pressure at the human-saddle interface in the riding
position.
[0131] Advantageously, the protective pad may be specifically tailored on the characteristic load patterns of a single
athlete, e.g. a female road cyclist, thereby providing an improved, highly-personalised protection.
[0132] Advantageously, themethodmay comprise implementing the above-described method for measuring pressure
distribution at the human-saddle interface on a static cycle for a plurality of participants.
[0133] Accordingly, data regarding individual load patterns at the human-saddle interface can be obtained for each
participant.
[0134] Here, the method further includes generating an average reference data set based on the obtained data
regarding individual load patterns at the human-saddle interface for said plurality of participants.
[0135] The digital mold model of the lattice structure is generated based on said average reference data set.
[0136] Although not as specific as in the case of a protective pad that is tailored based on the individual load patterns at
the human-saddle interface for a single participant, this solution still allows to provide an improved, well-tuned protection,
in particular by providing an enhanced dampening in those regions that are subject to higher pressure load while riding.
[0137] This even more applies when the involved participants have similar anatomical characteristics.
[0138] For instance, said plurality of participants may include a plurality of female cyclists.
[0139] Preferably, said plurality of participants may include a plurality of female road cyclists, as in the experimental
study described below.
[0140] Finally, the present invention provides a measurement saddle for use in the above-described method for
measuring pressure distribution at the human-saddle interface.
[0141] The measurement saddle includes a carrier structure.
[0142] In particular, said carrier structure comprises a saddle-shaped base, acting as a level surface.
[0143] The carrier structure further includes a plurality of fixture parts.
[0144] In particular, said plurality of fixture parts is configured and adapted for acting as boundaries for a plastically
deformable material to prevent undesired material flow.
[0145] Accordingly, when the plastically deformablematerial, e.g. soft plasticine, is layered on the saddle-shaped base,
unwanted flow of said material can be largely prevented.
[0146] There is also a saddle rail, which allows to fit and secure the measurement saddle to an existing seatpost of a
cycle, e.g. a smart bike.
[0147] The measurement saddle is suitable for use in quantitative measurements of the pressure distribution, where
locally appearing pressure values are assumed to be proportional to the material displacement of the molding mass.
[0148] This approach has proven effective in order to allow a higher resolution of pressure distribution on the seating
surface, and ensure accurate measurements independent of a specific, underlying saddle geometry.
[0149] In particular, the carrier structure may have a length of 250 mm and a maximum width of 210 mm.
[0150] In particular, said plurality of fixture parts may comprise a first fixture part and a second fixture part.
[0151] In particular, the first fixture part may be connected, e.g. screwed, to the anterior end of the saddle-shaped base.
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[0152] In particular, the second fixture part may be connected, e.g. screwed, to the posterior end of the saddle-shaped
base.
[0153] In particular, said first and second fixture parts may have a height of 30 mm.
[0154] This configuration allows to effectively prevent unwanted flow/displacement of the layered material from the
saddle-shaped base.
[0155] Advantageously, the saddle-shaped base can be made of high-density polyethylene (HDPE).
[0156] Further details and advantages of the present invention shall now be disclosed in connection with the drawings,
where:

Fig. 1 is photographic reproduction of an exemplary 3D-printed bodymade of a lattice structure for use in a protective
pad for a cycling garment according to the invention, said lattice structure beingmade of a plurality of grid cells formed
by crossing beams defining a void therebetween;

Fig. 2 is a front view in vertical cross-section of the protective pad according to the invention;

Fig. 3 is a front view in vertical cross-section similar to that ofFig. 2,butwhere the sectionplane is locatedat a different
point of the protection pad;

Fig. 4 is aphotographic reproductionof ameasurement saddle for use inamethod formeasuringpressuredistribution
at the human-saddle interface on a static cycle, e.g.

a smart bike, according to an embodiment of the present invention;

Fig. 5 is a photographic reproduction of a 3D scanner setup for implementing a 3D-scanning process of a mold
obtained by using the measurement saddle of Fig. 4;

Fig. 6 is a diagramshowing thedefinition of the characteristic load values, obtainedbyusing themeasurement saddle
of Fig. 4 in the context of an experimental study involving 29 female serious road cyclists. Here, cx is marked by a
vertical line intersecting the x axis at 140 mm, while cz is marked by a horizontal line, intersecting the y axis at
approximately 27 mm;

Fig.7 is adiagramshowingdatapoint latticesafter digitizingmolds, obtainedbyusing themeasurement saddleofFig.
4, in the above-mentioned experimental study. Themold height is shown for a latticewith equidistant spacing of 5mm
in the x-y plane.

Here, loading was dynamic. In detail: Fig. 7a mold 8 - the anterior region is marked by low mold height alongside
material deformation. The posterior region shows a spherical imprint along the longitudinal axis. Fig. 7b mold 13 - a
small imprint is shown in the anterior region of the saddle, while close to no imprint can be seen in the posterior region;

Fig. 8 is a diagram showing statically loadedmold 12 in the above-mentioned experimental study, in contour lines. A
height of 30 mm is labeled, presenting the initial plasticine material height. A clear shift in the loading towards the left
pelvis is visible and in alignment with a left shoulder injury affecting the involved participant;

Fig. 9 is a diagramshowingmeanmold height along the longitudinal axis in both the staticmeasurement (Fig. 9a) and
thedynamicmeasurement (Fig. 9b). Theshaded region isequivalent toonestandarddeviation.Ablackdashed lineat
the mold height of 30 mm represents the initial mold height before loading. Larger impressions, representing greater
pressure, are observed with the dynamic loading as opposed to static loading;

Fig.10showsaCADmodelof aprotectivepad fora cyclinggarment, developed in thecontextof theabove-mentioned
experimental study. The cross section shows the distribution of beamdiameters according to themeasured pressure
distributions. The large pressure in the anterior pelvic region results in the provision of greater beam diameters,
providing a higher thickness. The impression of the ischial tuberosities was hardly noticeable in the measurements
carried out during the experimental study, so the pad model only shows slight variations in the lattice structure
concerning this area.

[0157] Fig. 1 shows a schematic overview of 3D-printed bodymade of a lattice structure, for use in a protective pad 100
for a cycling garment according to the invention.
[0158] Also, Figs. 2‑3 show different cross-section views of the protective pad 100 according to the invention.
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[0159] The protective pad 100 includes a 3D-printed body 10 made of a lattice structure 12, as shown in Fig. 1.
[0160] In particular, said lattice structure 12 comprises different regions characterized by at least one different
mechanical property.
[0161] In the present embodiment, said mechanical property includes thickness.
[0162] Therefore, the lattice structure 12 is characterized by the presence of different regions having a different
thickness.
[0163] In the shown embodiment, the lattice structure 12 comprises a grid made of a plurality of grid cells 14, each
including crossing beams 16 defining a void 18 therebetween (Figs. 1‑3).
[0164] In particular, grid cells 14 defining regions of the lattice structure 12 having a higher thickness include beams 16
which are larger in cross-section (Fig. 3).
[0165] On the other hand, grid cells 14 defining regions of the lattice structure 12 having a reduced thickness include
beams 16 which are smaller in cross-section (Fig. 2).
[0166] The regions of the lattice structure 12 having a higher thickness as shown, e.g., in Fig. 3, correspond to regions
that are subject to a higher pressure load at the human-saddle interface in a riding position.
[0167] On the other hand, the regions of the lattice structure 12 having a reduced thickness as shown, e.g., in Fig. 2,
correspond to regions that are subject to a lower pressure load at the human-saddle interface in a riding position.
[0168] Therefore, improved dampening can be provided where the pressure load is higher during riding.
[0169] For instance, said riding position can be a position on the drops.
[0170] Alternatively, said riding position can be a position on the tops.
[0171] As a further alternative, said riding position can be a position for time-trial.
[0172] The present invention further provides a cycling garment (not shown) including the protective pad 100 described
above.
[0173] Said cycling garment can be one among cycling shorts, a cycling suit or a triathlon suit.
[0174] In the present embodiment, said cycling garment is specifically designed for the anatomy of a female cyclist,
preferably a female road cyclist.
[0175] Also, the present invention provides amethod formeasuring pressure distribution at the human-saddle interface
on a static cycle.
[0176] Advantageously, said static cycle can be a smart bike according to the state of the art.
[0177] Themethod comprises performing a cycle-fitting processwhen a participant is pedaling while sitting on a saddle
of the static cycle in a riding position.
[0178] In the present embodiment, said cycle-fitting process comprises:

collecting anthropometric data of said participant, in particular in a standing position of said participant and/or while
pedaling in the riding position of said participant, and

implementing a real-time algorithm for defining optimized parameters for adjusting at least a position, height and
inclinationof saddle, aposition of thehandlebar and crankarm lengths, basedat least on the collectedanthropometric
data of the participant.

[0179] In particular, in thepresent embodiment, the cycle-fittingprocess isperformedwhile theparticipant is pedalingon
the static cycle for 15 minutes at 60 rpm and 100W, in the riding position.
[0180] In particular, in the present embodiment, said anthropometric data of the participant include one ormore among:

hip width,

hip rotation angle, and/or

lumbar angle.

[0181] Preferably, said anthropometric data include a combination of hip width, hip rotation angle and lumbar angle.
[0182] Inparticular, thehip rotationangle ismeasured in thesagittal planebetween the thighand lumbar spinealignment
when performing a maximum possible forward bend.
[0183] In particular, the lumbar spine angle is defined by the angle between the lumbar and thoracic spine orientation in
the same forward bend.
[0184] Preferably, said anthropometric data of the participant are collected by using a depth-sensing camera.
[0185] Preferably, in the present embodiment, the definition of optimized parameters for adjusting at least a position,
height and inclination of the saddle, a position of the handlebar, and crank arm lengths are further based on:
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a pain status of the participant, and/or

continuously measured joint angles.

[0186] The method further includes the following steps of:

providing a measurement saddle 200 (e.g. as shown in Fig. 4 and further described in the following);

layering a first amount of a plastically deformable material on a carrier structure 20 of the measurement saddle 200;

providing a cover on said plastically deformable material, layered on the carrier structure 20 of the measurement
saddle 200;

replacing the saddle of the static cycle with the measurement saddle 200;

forming a first mold 30 in a dynamic condition, while the participant is pedaling on themeasurement saddle 200 in the
riding position;

removing the first mold 30 from the measurement saddle 200;

layering a new amount of plastically deformable material on the carrier structure 20 of the measurement saddle 200;

providing a cover on said plastically deformable material, layered on the carrier structure 20;

forming a second mold 40 in a static condition, while the participant is sitting on the measurement saddle 200 in the
riding position with the crank arms of the static bike placed in a horizontal position,

removing the second mold 40 from the measurement saddle 200;

performing a 3D-scanning process of the first mold 30 and the second mold 40;

superimposing the obtained 3D-scans along a reference coordinate system, and

implementing software means for generating a surface model of the superimposed 3D-scans and obtaining data
regarding individual load patterns at the human-saddle interface for the participant.

[0187] An exemplary setup of a 3D-scanner of the kind used in the experimental study described below is shown in Fig.
5.
[0188] In particular, in the present embodiment, the step of forming the first mold 30 is performedwhile the participant is
pedaling on the static cycle for 20 minutes at 60 rpm and 100W in the riding position.
[0189] Inparticular, in thepresentembodiment, thestepof forming thesecondmold40 isperformedwhile theparticipant
is sitting on themeasurement saddle 200 in the riding position for 20minutes, changing the left/right foot position after the
first 10 minutes.
[0190] For instance, said riding position can be a position on the drops, as in the experimental study described below.
[0191] Alternatively, said riding position can be a position on the tops.
[0192] As a further alternative, said riding position may be a position for time-trial.
[0193] In the present embodiment, the step of layering the plastically deformable material on the carrier structure 20 of
themeasurement saddle200comprisesprovidingafirst layerandasecond layerof saidplastically deformablematerial on
said carrier structure 20.
[0194] In particular, in the present embodiment, each of said first and second layers has a height of 15 mm.
[0195] Advantageously, in the present embodiment, themethod further includes providing amark 50 (as shown, e.g., in
Fig. 5) on both the first mold 30 and the second mold 40 at a predefined location along the longitudinal axis of the carrier
structure 20, for use as reference points in 3D-scanning and data analysis.
[0196] For example, said mark 50 may be carved in the molds 30, 40 (Fig. 5).
[0197] The 3D-scanning process is carried out by placing each of the first and secondmolds 30, 40 on a rotary plate 60
after covering each of the first and second molds 30, 40 with a chalk spray.
[0198] An exemplary rotary plate 60, as used in the experimental study described below, is shown in Fig. 5.
[0199] In the present embodiment, the method further comprises removing (e.g., through cutting by using a knife)
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residual plastically deformable material protruding from the bottom end of the first and second molds 30, 40, to ensure a
planar position for the 3D-scanning process.
[0200] Also, after replacement of the saddle of the static bike with the measurement saddle 200, the method further
includes dropping the seatpost of the static cycle of 15mm.Accordingly, the referenceposition obtained through the cycle-
fitting process can be achieved considering the height differences between the saddle of the cycle, e.g. a smart bike, and
the measurement saddle 200.
[0201] The present invention further provides a method of manufacturing the protective pad 100 described above.
[0202] In particular, the method comprises:

implementing the above-described method for measuring pressure distribution at the human-saddle interface on a
static cycle for at least one participant, to obtain data regarding individual load patterns at the human-saddle interface
for said at least one participant;

generating a digital mold model of the lattice structure, based on said data regarding individual load patterns at the
human-saddle interface so obtained for the at least one participant, and

implementing a 3D printing process for manufacturing the protective pad 100, based on the generated 3D model.

[0203] In particular, in the present embodiment, the method comprises:

implementing the above-described method for measuring pressure distribution at the human-saddle interface on a
static cycle, for obtaining data regarding individual load patterns at the human-saddle interface for each participant of
said plurality of participants, and

generatinganaverage referencedata set basedon theobtaineddata regarding individual loadpatternsat thehuman-
saddle interface for said plurality of participants.

[0204] In particular, the digitalmoldmodel of the lattice structure is generated basedon said average referencedata set.
[0205] In the present embodiment, said plurality of participants includes a plurality of female cyclists.
[0206] Preferably, said plurality of female cyclists includes a plurality of female road cyclists, as in the below-described
experimental study.
[0207] The present invention further provides a measurement saddle 200 for use in the above-described method for
measuring pressure distribution at the human-saddle interface on a static cycle.
[0208] An embodiment of the measurement saddle 200 according to the invention is shown in Fig. 4.
[0209] In particular, the measurement saddle 200 includes:

a carrier structure 20 comprising:

a saddle-shaped base 22, acting as a level surface, and

a plurality of fixture parts 24, 26, configured and adapted for acting as boundaries for a plastically deformable
material, to prevent material flow, and

a saddle rail 28.

[0210] In the present embodiment, the carrier structure 20 has a length of 250 mm and a maximum width of 210 mm.
[0211] In the present embodiment, said plurality of fixture parts 24, 26 includes:

a first fixture part 24, connected to the anterior end of said saddle-shaped base 22, and

a second fixture part 26, connected to the posterior end of said saddle-shaped base 22.

[0212] Preferably, said first and second fixture parts 24, 26 have a height of 30 mm.
[0213] Preferably, the saddle-shaped base 22 is made of high-density polyethylene (HDPE).
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Experimental study on 29 experienced female road cyclists

Introduction

[0214] An experimental study has been conducted by the inventors on 29 experienced female road cyclists in order to
investigate the relationship between pressure distribution at the human-saddle interface and health risks in terms of pain
and/or injuries and/or discomfort in the pelvic and/or genital region while riding.
[0215] The age of the participants was between 21 and 63 years (mean=32 years, SD=9.92 years).
[0216] The inclusion criteria for the participants were a minimum age of 18 years, female sex and experience in road
cycling, being defined as a minimum of one cycling tour of 1.5 hours per week.
[0217] Data acquisition took place via social media and from inventor’s acquaintances.
[0218] Exclusion criteria were an acuteCovid‑19 disease and acute painwith relevant influence on the seating position.
[0219] The characteristics (mean, SD) of the participants in terms of size, age and weight are resumed in Table 1.

Table 1

Mean SD

Size [cm] 169 5.9

Age [yrs] 32.0 9.9

Weight [kg] 62.1 7.7

[0220] Thedistribution of the cyclingmileageper year and active years of cycling for the participants is shown inTable 2.

Table 2

[km/yr] Distribution [%]

Cycling mileage <1000 3.4
1000‑3000 34.5
3000‑5000 27.6
>5000 34.5

Active cycling years [yrs]

<1 10.3
1‑3 51.7
3‑5 10.3
>5 27.6

[0221] A questionnaire collected information on the frequency of the following cycle-related complaints in terms of:

- injuries in the genital area or the area of ischial tuberosities;
- discomfort in the genital area;
- discomfort in the area of the ischial tuberosities;
- skin irritations in the genital area;
- skin irritations in the area of the ischial tuberosities,
- swellings in the genital area and numbness in the genital area.

Measurement saddle and measurement criteria

[0222] Pressure distributionmeasurements were takenwith ameasurement saddle that was specifically developed for
this experimental study, and then digitized in order to process the results.
[0223] In particular, themeasurement saddle corresponds to themeasurement saddle 200described aboveand shown
in Fig. 4.
[0224] Soft plasticine (Super Soft, Creall, AH Ermelo, The Netherlands) showed the most appropriate deformation
ranges as a plastically deformable material in the context of the present study.
[0225] It was inserted in two layers of 15mmeach between the fixture parts of the carrier structure of themeasurement
saddle.
[0226] The plastically deformable material was reusable in multiple measurements thanks to its ability to deform
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reversibly without change to its properties.
[0227] A commercially available cling film was used to cover the plasticine in the experiments.
[0228] Themeasurement saddlewas completed by a commercially available saddle rail and clamp to allow attachment
to the existing seatposts of a smart bike.
[0229] The locally appearing pressure values were assumed to be proportional to the material displacement of the
plastically deformable material.
[0230] The pressure distribution was, therefore, measured qualitatively.
[0231] This approach allowed for a higher resolution of pressure distribution on the seating surface, and ensured
accurate measurements independent of the specific, underlying saddle geometry.
[0232] All collected data were saved pseudonymously and with the written approval of the participants.
[0233] For the experiments, participants wore sport tights without any type of padding and cycling shoes with cleats.
[0234] Measurements were made at room temperature.
[0235] All 29 participants completed the study.
[0236] Experimental data were collected during a session of approximatively 90 minutes for each participant, using a
smart bike according to the state of the art.
[0237] Each session consisted essentially in three subsequent steps:

(i) Bike-fitting (smart bike setup);

(ii) Dynamic measuring in a riding position;

(iii) Static measuring in a riding position.

(i) Bike-fitting

[0238] A bike-fitting process was implemented for each participant by using idmatch smart bike (idmatch, Selle Italia,
Casella d’Asolo, Italy).
[0239] Here, anthropometric data were collected for each participant through an integrated depth-sensing camera as
part of the bike-fitting process, said anthropometric data including hip width, hip rotation angle and lumbar angle.
[0240] In particular, the hip rotation angle was measured in the sagittal plane between the thigh and lumbar spine
alignment when performing the maximum possible forward bend.
[0241] The lumbar spine angle was defined by the idmatch system as the angle between the lumbar and thoracic spine
orientation in the same forward bend.
[0242] The same collected data were also later used for correlation analyses.
[0243] Then, a real-time algorithm was implemented to vary the saddle and handlebar position based on the
participant’s anthropometry, pain status and continuously measured joint angles.
[0244] Then, the participant sat on the smart bike saddle and pedaled for about 15 minutes at 60 rpm and 100W in the
drops position.
[0245] The suggested optimum position for the participant was defined by the height and horizontal position of the
saddle, handlebar height and crank arm length.
[0246] To validate the positions, vertical distances between the top of the handlebar and the top of the saddle were
compared to current recommendations.
[0247] The suggested position for each individual participant was defined as the reference position for the subsequent
pressure distribution measurements.

(ii) Dynamic measurement in a riding position

[0248] After completion of the smart bike setup, the smart bike saddle was replaced by the measurement saddle.
[0249] Due toheightdifferencesbetween thesmartbikesaddleand themeasurement saddle, theseatpostwasdropped
15 mm to achieve the reference position defined during the bike-fitting process.
[0250] The participant then pedaled at 60 rpm and 100W in the drops position for 20 minutes while the mold formed.

(iii) Static measurement in a riding position

[0251] As a reference, a second, static measurement was performed by using the measurement saddle.
[0252] The mold formed during the dynamic measurement was removed from the measurement saddle and replaced
with fresh soft plasticine.
[0253] Then, the participant sat in the reference position for 20 minutes with crank arms in a horizontal position.
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[0254] The right and left foot positions were switched after 10 minutes.

3D scanning and generation of characteristic load values

[0255] As reference points for the subsequent 3D scan and data analysis, two marks were carved in the plasticine of
each mold (dynamic and static).
[0256] In particular, saidmarkswere located at predefined positions on the longitudinal axis of the carrier structure (Fig.
5).
[0257] The protruding plasticine on the bottom end of the molds was cut with a knife to ensure a planar position of the
mold during the subsequent 3D-scanning process.
[0258] After removal from themeasurement saddle, and once separated from the cling film, themoldswere coatedwith
commercial chalk spray (133985, Motip Dupli, Haßmersheim, Germany) and then placed on a rotary plate to be scanned
with a 3D-scanner (Space Spider, Artec, Luxembourg, Luxembourg).
[0259] The 3D-scanner was placed on a standard tripod and calibrated using markers on the table. 360-degree scans
were taken from three respective positions for each mold to complete the digital 3D body (Fig. 5).
[0260] The resulting 3DScanswere equally aligned along a reference coordinate systemusingCADsoftware (Inventor
Professional, Autodesk, Munich, Germany).
[0261] The previously carvedmarker in the plasticine provided the position for the reference coordinate system (Fig. 5).
[0262] An equidistant lattice of 5 mm cell size was superimposed on the top surface of the digital mold models.
[0263] Assuming the observed discomfort rating in the questionnaire as being related to the deformation distribution
along the longitudinal axis, two characteristic load valueswere chosen to quantify deformation behavior: cz, representing
the minimum height of the mold along this axis of the saddle, and ex, defining the position of that minimum.
[0264] The definition of the characteristic load values is shown in Fig. 6.
[0265] In this study, the impression depths of the molds were equated to the applied loading and thus neglected the
material properties and material flow.
[0266] Correlations were investigated in the static and dynamic results independently.
[0267] Using Shapiro-Wilk tests (α = 0.05), the distribution of the non-ordinal data, namely hip width, lumbar angle, hip
rotation angle, cx and cz, were determined to choose an appropriate statistical method. Spearman’s rank-order was used
to correlate the characteristic load values cx and cz independently with each complaint of the athletes stated in the
questionnaire or gained from the bike-fitting process.
[0268] Given a normal distribution of the metric data, Pearson’s correlation was additionally used to evaluate potential
relations.

Definition of a protective pad design

[0269] The generated data point lattices of the digital molds, which had proven to be representative of pressure
distribution, were used to define the design of an innovative protective pad for use in a cycling garment, such as cycling
shorts, specifically designed for women.
[0270] The 29 generated data point clouds of the dynamic experiment were combined into one average reference data
set.
[0271] Acubicunit cellwithanedge lengthof5mm,body-centereddiagonal beamsand face-centeredhorizontal beams
served as a basis for the lattice.
[0272] It wasused to fill the padgeometry,whichwasa7.5mmhigh, extrudedprofilewith the shapeof a cycling garment
pad, e.g. a cycling short pad.
[0273] According to local pressure values, beam diameters of the respective unit cells were adapted, which led to a
heterogeneous lattice structure within the protective pad.
[0274] CAD models of protective pads were designed using CAD software (Creo ProEngineer, PTC, Unterschleis-
sheim, Germany).

Results

[0275] The questionnaire results revealed discomfort in the genital and/or pelvic area to be themost common complaint
with 37.9% of the participants suffering from it "often" or "always".
[0276] The posterior region of the ischial tuberosities was found to be less affected, with only 10.3% of the participants
stating that they experienced discomfort "often" or "always".
[0277] The majority of the participants (65.5%) stated that they suffer from skin irritation in the genital area at least
"sometimes", making it the second leading complaint in the context of the present study.
[0278] All shares of participants suffering from complaints related to serious road cycling are listed in Table 3.

14

EP 4 505 893 A1

5

10

15

20

25

30

35

40

45

50

55



Table 3

Due to road cycling, I experience... Never Rarely Sometimes Often

... injuries in the genital or pelvic area 51.72 17.24 24.14 3.45

...discomfort in the genital or pelvic area 10.34 13.79 37.93 34.48

... discomfort in the area of the ischial tuberosities 20.69 48.28 20.69 10.34

... skin irritations in the genital area 17.24 17.24 34.48 27.59

... skin irritations in the area of the ischial tuberosities 58.62 34.48 6.90 0.00

... swelling in the genital area 31.03 34.48 27.59 6.90

... numbness in the genital area 48.28 31.03 13.79 6.90

[0279] Shapiro-Wilk tests showedevidence of a potential normality for the following data: lumbar angle (p =0.75) and cz
(p = 0.31), both in the static experiment.
[0280] A Pearson correlation showed no significance for the data pairs.
[0281] Calculating the Spearman’s rank coefficient, a significant correlation is found in two cases for the static data.
[0282] Between the hip rotation angle and cz (p = ‑0.38, p = 0.05), a weak to moderate correlation existed (R2 = 0.14).
[0283] Numbness in the genital area and cz showed a moderate correlation (ρ = ‑0.47, p = 0.01) with R2 = 0.22.
[0284] Considering the overall quality of the molds, the developed measurement device was found to deliver detailed
data.
[0285] Clear individual loading patterns could be observed in the molds.
[0286] The data point lattice of two different molds in the dynamic experiment are shown in Fig 7. In particular, Fig. 7a
refers to mold 8, while Fig. 7b refers to mold 13.
[0287] The anterior region of mold 8 shows large material deformation accompanied by a large impression depth (Fig.
7a).
[0288] In the posterior region, a spherical imprint can be seen along the longitudinal axis.
[0289] In comparison, mold 13 (Fig. 7b) shows a much lower deformation of the anterior region and no visible
deformation in the posterior region.
[0290] Individual injuries are reflected in the measurements.
[0291] As an example, Fig. 8 shows a representation of statically-loaded mold 12 in contour lines, referring to a
participant affected by an injury in the left shoulder. A height of 30mmwas labeled, presenting the initial plasticinematerial
height. A clear shift in the loading towards the left pelvis is visible and in alignment with the left shoulder injury of the
participant.
[0292] In particular, the left shoulder injuryof theparticipant resulted inahigher loadingof the left pelvis region inboth the
static and dynamic experimental measurements.
[0293] Besides being relevant for the correlation analyses, the defined characteristic load values allowed for a
quantitative analysis of the measured pressure distribution.
[0294] In the static experiment, cx varied between 110 mm and 215 mm (mean=151.07, SD=23.90) with 215 mm
representing the most anterior, and 110 mm the most posterior seating position in the study.
[0295] One mold of the static study showed a cx value of 0 and was, therefore, excluded from further processing. cz
varied between 30.5 mm and 21.3 mm (mean=25.97, SD=2.78).
[0296] For the dynamic loading situation, the molds showed a cx value between 105 mm and 170 mm (mean=150.52,
SD=16.50).
[0297] For cz, the minimum value was 15.5 mm and the maximum value was 29.8 mm (mean=24.33, SD=3.72).
[0298] Fig. 9 shows themeanmold height for both static (Fig. 9a) and dynamic (Fig. 9b)measurements in cross section
along the longitudinal axis.
[0299] Here, the shaded region is equivalent of one standard deviation.
[0300] The black dashed line at mold height of 30 mm represents the initial mold height before loading.
[0301] The mean and standard deviations were calculated for each value on the x-axis and displayed in the plot as the
line and the shaded region, respectively.
[0302] In particular, as shown in Fig. 9, the standard deviation of the dynamic measurements is larger along the entire
longitudinal axis than the one of the static measurements.
[0303] Theabove findings hadproven that the usedmeasurement saddle delivered valuable data,which canbeused to
develop an improved protective pad for a cycling garment, e.g. cycling shorts, in particular designed for female road
cyclists.
[0304] Fig. 10 shows a CAD model of a prototype of the developed protective pad, in cross-section.
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[0305] The lattice parameters, namely the beam diameters, vary within the pad according to the measured pressure
distribution.
[0306] Largerbeamdiametersof up to2.8mmwerecreated in theanterior pelvicarea,while theposterior areaof thepad
consistedmainly of smaller beamdiameters up toaminimumof 1.5mm.Also, at the borders of thewideningposterior part,
larger beam diameters were created due to more intense thigh contact.

Discussion

[0307] The proportions of participant athletes reporting genital pain, discomfort and numbness in the present study are
in line with the studies of Larsen et al., Hermans et al. and Guess et al. [3], [4], [7].
[0308] In thepresent study, the relationshipbetween thecharacteristic loadvaluesand themost commoncomplaints, as
well as the anthropometric data, were investigated.
[0309] Interestingly, the results showed correlations only for the static measurements.
[0310] This could indicate, that cycling duration might not play a crucial role in measuring pressure distribution.
[0311] A moderate correlation was found between genital numbness and the maximum impression depth cz, yet it is
deemed that this correlation should be treated with caution.
[0312] The coefficient of determination (R2) suggests that only about 22% of the variability of genital numbness can be
explained by the relationship with the amount of anterior loading.
[0313] This means that 78% must be due to at least one other factor related to genital numbness.
[0314] With respect to anthropometric data, a weak to moderate correlation was found between the hip rotation angle
and cz.
[0315] R2 shows, that only 14% of the variability of hip flexibility in terms of small hip rotation angles could be related to
large anterior loading.
[0316] The hip rotation angle data shows signs of clustering because themeasured angles are limited to 51, 59, 68 and
78 degrees.
[0317] This might be an indicator for insufficient data quality.
[0318] Further, it should be considered that another possible cause for the lack of strong correlations might be the
relatively small number of participants or the subjective assessment of, for example, discomfort.
[0319] This is underlined by an earlier study, in which cycling athletes stated both to be comfortable and suffer frompain
simultaneously [24].
[0320] The present study was carried out with individual reference positions based on the above-mentioned idmatch
bike-fitting.
[0321] Indeed, this excludedpersonal bicycle setupsandmight have led to different pressuredistributions than theones
on a personal bicycle, which are actually underlying for the stated complaints.
[0322] Interestingly, 39% of the participants stated that bike-fitting improved their personal comfort.
[0323] A bike-fitting, as done in the present study, might, therefore, completely change the bicycle setup of the athlete
and result in a different pressure distribution on the saddle.
[0324] This shows that the inclusion of personal setup pressure in further studies could represent an interesting
development.
[0325] However, due to the quality of data and the inconclusive results of the correlation data, it is presently not possible
to conclude that hip rotation angles are a predictor for great anterior saddle loading, or that genital numbness is related to
great anterior saddle loading.
[0326] Further, the present results did not show clear signs of a relation between the pressure distribution and the
complaints of the athletes.
[0327] Existing cycling garment pads for female athletes often rely on insufficient objective data [3], [28]. The present
study provides an improved design for a protective pad, which is specifically based on pressure distribution data.
[0328] In particular, by using the developed measurement saddle (Fig. 4), individual pressure distribution could be
investigated for eachof the29 female roadcyclist that tookpart in theexperimental study inaverydetailedmanner (Fig. 7).
[0329] In particular, compared to known digital pressure distribution measurement methods, the present approach
allowed to achieve a higher resolution and a representation of individual complaints (Fig. 8).
[0330] Pad stiffness in the anterior region is increased due to the large loads measured there. This means that, in use,
the lattice deformation stays small enough to provide residual flexibility and prevent the genital area from being pushed
strongly against the saddle nose.
[0331] This correlates with Larsen et al. [3], revealing that an unpadded contact in the crotch area led to pain after 12
weeks of use (10.3% of participants). In the control group with a padded area instead, 5.2% of athletes stated that they
experienced pain.
[0332] In contrast, too soft cushioning can result in one third more loss of oxygenation, as found by Sommer et al.
(unpublished data, reference ismade to [9]). Here, the authors explained this aspect by soft matter being pressed into the
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perineal region more than in unpadded seats.
[0333] The reason why the protective pad according to the present study is stiffer in the anterior region lies in the
obtained results, revealing a load concentration in the anterior area and less significant loads in the posterior area.
[0334] Potter et al. andBressel et al. observed similar distributions of pressure, butwith slightlymoredominant posterior
pressure centers [11], [13].
[0335] It is probable that thegreaterwidthof theusedmeasurement saddle in theposterior areaprevented theplastically
deformable material from flowing, thereby limiting deformation.
[0336] In previous versions of the measurement saddle with a smaller posterior area, a bulging of the material beyond
the edges of the carrier structure was observed, which may have influenced the comparability of measurements.
[0337] By contrast, use of a softer material may cause athletes to displace too much material in the anterior area.
[0338] However, improvements are likely possible through the use of different setups.
[0339] Additionally, the present studywas limited to observing pressure values in the drops position due to properties of
the bike-fitting system.
[0340] Indeed, as the upper body inclines, the pressure center is found tomove towards theanterior region of the saddle
[11], [15], which may explain the small posterior pressure in the current results of the experimental study.
[0341] The comparability to the literature is limited due to the fact that the used experimental setup is not influenced by a
specific underlying saddle geometry, but consists of a leveled carrier structure.
[0342] However, further studies including, e.g., a position on the tops may reveal a larger pressure at the ischial
tuberosities and, therefore, result in a different distribution of stiffness in the lattice structure.
[0343] Despite the fact that every participant of the present study was fitted to her respective optimal bike position, both
the maximum impression depth cz and the location of maximum load cx varied significantly (see Fig. 9).
[0344] These results likely underline the individual pressure distributions on the saddle despite the standardized
position on the bicycle.
[0345] However, they could also beg the question ofwhether the bike-fitting process is suitable for providing a reference
bike position for the athletes.
[0346] So far, no studies have been found that validate the algorithms used by the idmatch system.
[0347] However, thevertical distancebetween the topof thesaddleand the topof thehandlebarwas5.9mmonaverage,
which is in line with the recommendations of Silberman et al. [29].
[0348] The practical relevance of the idmatch system was also considered to not be negligible, since recommended
positions are based on numerous iterative bike-fittings and athlete experiences, while being processed in a machine
learning algorithm.
[0349] Given the various pressure distributions measured in the present study, it is considered that an individualized
protective pad for use in a cycling garment would be beneficial for cyclists.
[0350] In further studies, high-quality results are to be expected and differences in pressure distribution will presumably
only lead to small changes in the overall protective pad concept.
[0351] One aim is to be able to transfer specific pressure distributions to a customized pad design using the developed
approach.
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100 Protective pad (for cycling garment)

10 3D-printed body
12 Lattice structure (3D-printed body)
14 Grid cells (of the lattice structure)
16 Beams (of the grid cells)
18 Voids (of the grid cells)

200 Measurement saddle

20 Carrier structure
22 Saddle-shaped base
24 First fixture part
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26 Second fixture part
28 Saddle rail

30 First mold (dynamic measurement)
40 Second mold (static measurement)
50 Mark (provided on the first and second molds, respectively)
60 Rotary plate

Claims

1. Aprotectivepad (100) for a cyclinggarment, saidpad (100) includinga3D-printedbody (10)madeof a lattice structure
(12), wherein said lattice structure (12) comprises different regions characterized by at least one different mechan-
ical property.

2. The protective pad (100) according to claim 1,
characterized in that
said at least one mechanical property includes thickness.

3. The protective pad (100) according to claim 1 or 2,
characterized in that
the lattice structure (12) is agridmadeof aplurality of grid cells (14) each includingcrossingbeams (16) defininga void
(18) therebetween.

4. The protective pad (100) according to claim 3,
characterized in that

grid cells (14) defining regions of the lattice structure (12) having a higher thickness include beams (16)which are
larger in cross-section, and
grid cells (14) defining regions of the lattice structure (12) having a reduced thickness include beams (16) which
are smaller in cross-section,
preferably wherein
the regionsof the lattice structure (12) havingahigher thickness correspond to regions that are subject to a higher
pressure load at the human-saddle interface in a riding position, and
the regions of the lattice structure (12) having a reduced thickness correspond to regions that are subject to a
lower pressure load at the human-saddle interface in a riding position.

5. A cycling garment including the protective pad (100) according to any one of claims 1 to 4,

preferably wherein said cycling garment is one among cycling shorts, a cycling suit or a triathlon suit,
preferably wherein said cycling garment is specifically designed for the anatomy of a female cyclist, more
preferably a female road cyclist.

6. A method for measuring pressure distribution at the human-saddle interface on a static cycle, comprising:

performing a cycle-fitting process while a participant is pedaling sitting on a saddle of the static cycle in a riding
position, for adjusting at least a position, height and inclination of the saddle, a position of the handlebar and crank
arm lengths;;
providing a measurement saddle (200);
layering a first amount of a plastically deformable material on a carrier structure (20) of the measurement saddle
(200);
providingacover onsaidplastically deformablematerial, layeredon thecarrier structure (20) of themeasurement
saddle (200);
replacing the saddle of the static cycle with the measurement saddle (200);
forminga firstmold (30) inadynamic condition,while theparticipant is pedalingon themeasurement saddle (200)
in the riding position;
removing the first mold (30) from the measurement saddle (200);
layering a new amount of plastically deformablematerial on the carrier structure (20) of themeasurement saddle
(200);
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providing a cover on said plastically deformable material, layered on the carrier structure (20);
forminga secondmold (40) ina static condition,while theparticipant is sittingon themeasurement saddle (200) in
the riding position with the crank arms of the static bike placed in a horizontal position,
removing the second mold (40) from the measurement saddle (200);
performing a 3D-scanning process of the first mold (30) and the second mold (40);
superimposing the obtained 3D-scans along a reference coordinate system, and
implementing softwaremeans for generating a surfacemodel of the superimposed 3D-scans and obtaining data
regarding individual load patterns at the human-saddle interface for the participant.

7. The method according to claim 6,
characterized in that
the cycle-fitting process comprises:

collecting anthropometric data of said participant, in particular in a standing position of said participant and/or
while pedaling in the riding position of said participant, and
implementing a real-time algorithm for defining optimized parameters for adjusting at least the position, height
and inclination of the saddle, the position of the handlebar and
crank arm lengths, based at least on the collected anthropometric data of the participant,
preferably wherein said anthropometric data of the participant include one or more among:

hip width,
hip rotation angle, and/or
lumbar angle,

preferably wherein:

the hip rotation angle is measured in the sagittal plane between the thigh and lumbar spine alignment when
performing a maximum possible forward bend, and
the lumbar spine angle is defined by the angle between the lumbar and thoracic spine orientation in the same
forward bend,
preferably wherein said anthropometric data of the participant are collected by using a depth-sensing
camera.

8. The method according to claim 6 or 7,
characterized in that

the cycle-fitting process is performedwhile the participant is pedaling on the static cycle for 15minutes at 60 rpm
and 100 W in the riding position, and/or
the step of forming the first mold (30) is performed while the participant is pedaling on the static cycle for 20
minutes at 60 rpm and 100 W in the riding position, and/or
the step of forming the second mold (40) is performed while the participant is sitting on the measurement saddle
(200) in the riding position for 20 minutes, changing the left/right foot position after the first 10 minutes,
preferably wherein said riding position is a position on the drops.

9. The method according to any one of claims 6 to 8,
characterized in that
the definition of optimized parameters for adjusting the position of the saddle, the position of the handlebar, and the
crank arm lengths are further based on:

a pain status of the participant, and/or
continuously measured joint angles.

10. The method according to any one of claims 6 to 9,
characterized in that

layering the plastically deformable material on the carrier structure (20) of the measurement saddle (200)
comprisesprovidingafirst layerandasecond layerof saidplasticallydeformablematerial onsaidcarrier structure
(20),
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preferably wherein each of said first and second layers has a height of 15 mm,
preferably wherein the method further includes providing a mark (50) on both the first mold (30) and the second
mold (40) at a predefined location along the longitudinal axis of the carrier structure (20), for use as reference
points in 3D-scanning and data analysis,
preferably wherein the 3D-scanning process is carried out by placing each of the first and secondmolds (30, 40)
on a rotary plate (60) after covering each of the first and second molds (30, 40) with a chalk spray.

11. A method of manufacturing the protective pad (100) for a cycling garment according to claims 1 to 4, the method
comprising:

implementing the method according to any one of claims 6 to 10 for at least one participant to obtain data
regarding individual load patterns at the human-saddle interface for said at least one participant;
generatingadigitalmoldmodel of the lattice structure, basedonsaiddata regarding individual loadpatternsat the
human-saddle interface so obtained for the at least one participant, and
implementing a 3D printing process for manufacturing the protective pad (100), based on the generated 3D
model.

12. The method according to claim 11,
characterized in that

themethod includes implementing themethod according to any oneof claims 6 to 10 for a plurality of participants,
for obtaining data regarding individual load patterns at the human-saddle interface for each participant of said
plurality of participants, and
generating an average reference data set based on the obtained data regarding individual load patterns at the
human-saddle interface for said plurality of participants,
wherein the digital mold model of the lattice structure is generated based on said average reference data set,
preferably wherein said plurality of participants includes a plurality of female cyclists, preferably a plurality of
female road cyclists.

13. A measurement saddle (200) for use in the method according to any one of claims 6 to 10, comprising:

a carrier structure (20) comprising:

a saddle-shaped base (22), acting as a level surface, and
a plurality of fixture parts (24, 26), configured and adapted for acting as boundaries for a plastically
deformable material, to prevent material flow, and

a saddle rail (28).

14. The measurement saddle (200) according to claim 13,
characterized in that

the carrier structure (20) has a length of 250 mm and a maximum width of 210 mm, and/or
said plurality of fixture parts (24, 26) includes:

a first fixture part (24), connected to the anterior end of said saddle-shaped base (22), and
a second fixture part (26), connected to the posterior end of said saddle-shaped base (22),

preferably wherein said first and second fixture parts (24, 26) have a height of 30 mm.

15. The measurement saddle (200) according to claim 13 or 14,
characterized in that
the saddle-shaped base (22) is made of high-density polyethylene (HDPE).
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