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Abstract

Experienced pattern makers understand the nuances of body shape in their “fingertips”. However,
articulating and transferring this internalized knowledge to others is challenging due to the lack of shared
language. It is important to bridge the gap in vocabulary and conceptual nuances within the field to
enable effective collaborations among practitioners and researchers from diverse disciplines.
Previously presented work on the role of posture in clothing design and fit described it by the mnemonic
of PARCS: placement, alignment, rotation, curvature and symmetry. This mnemonic provides a
language to describe intrinsic knowledge to understand body shapes and clothing design and makes it
possible to talk about how garments are designed in a cross-disciplinary manner. However, there are
still gaps in knowledge relating to posture. In this paper, we examined each word (i.e., placement,
alignment, rotation, curvature and symmetry) within the PARCS mnemonic and reviewed the status of
knowledge for these words. Placement and symmetry are relatively well understood. However, the
understanding of words of alignment, rotation and curvature is limited. Therefore, this paper focused on
examining alignment, rotation and curvature in the following areas where posture significantly affects
clothing fit: hip alignment and rotation, shoulder rotation (forward or backward, side to side) and back
curvature. These factors are important to determine the functional and aesthetic performance of clothing
that ranges from everyday garments such as trousers and jackets to personal protective equipment
(PPE). The paper concludes by providing recommendations to address the identified knowledge gaps
and discussing their implications for pattern development. It also emphasized how bridging
interdisciplinary communication gaps can lead to more effective collaboration and improved clothing fit.
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1. Introduction

Experienced pattern makers understand the nuances of body shape in their “fingertips”. However,
articulating and transferring this internalized knowledge to others is challenging due to the lack of shared
language. It is important to bridge the gap in vocabulary and conceptual nuances within the field to
enable effective collaborations among practitioners and researchers from diverse disciplines.
Previously presented work [1, 2, 3] on the role of posture in clothing design and fit described it by the
mnemonic of PARCS: placement, alignment, rotation, curvature, and symmetry. This mnemonic
provides a language to describe intrinsic knowledge to understand body shapes and clothing design
and makes it possible to talk about how garments are designed in a cross-disciplinary manner.

Some of the papers do not mention posture per se but emphasize the need to consider biomechanical
aspects with designing clothes for elderly [4] or sport [5].
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The mnemonic, PARCS, was developed to facilitate memory of each of the important posture
descriptors. It is important to remember that the order of consideration does not match the order of
occurrence in the mnemonic. For example, one should generally first consider the placement of body
parts to determine the pose of the humanoid. Symmetry would be the next character to consider
(particularly in poses where symmetry is anticipated in the ideal case, such as a static standing pose
with both feet on the floor, facing forward). Rotation and alignment must be considered together; rotation
impacts the alignment of adjacent body regions. Curvature is the result of the first four descriptors, so
could be the last portion to examine. Sometimes, it is easy to see the curvature, but the understanding
of the “why” of curvature follows from rotation and alignment. Accordingly, the order of the
implementation is P (to determine pose), P (expected versus final placement), S, A/R, and C. Acquiring
knowledge of these aspects is essential for pattern development, as patterns must be designed
considering body shape, responsive for its curvature, symmetry, and body movements. Posture,
alignment, and rotation further influence how the clothing interacts with the wearer. Within this context,
ease, defined as the difference between clothing dimensions and body measurements, plays a critical
role, as it enables the clothing to accommodate movement and facilitate a harmonious interaction
between the body and clothing [6] (Figure 1). Further research into the role of posture is necessary.
Understanding how it affects fit problems will benefit the fashion industry.
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Fig.1.Interaction of the clothing and body during various poses [6]
Use with permission from P.U. Navodhya

2. PARCS Preparation
2.1 Pose

Any analysis of humanoids must start with the knowledge of the intent. Is the figure supposed to be
standing or sitting or in some other pose? Is it supposed to be in an A-pose, with the arms at a 20-to-
45- degree angle from the torso with the feet spaced at shoulder width apart? Pose is the starting point;
posture, described using the PARCS descriptors, captures how individual figures deviate from the
hypothetical ideal.
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Not all people can “properly” strike each pose. For example, for the A-pose, people are told to stand
with their back straight. If the person has spinal kyphosis, they are unable to do so. These are the sorts
of issues that need to be captured by a postural evaluation utilizing the PARCS descriptor. A person’s
posture impacts the implementation of every pose. Posture may be conscious, for example, in response
to a request “to stand straight” or posture can be unconscious as noted previously.

Different poses can be used to determine how the body shape changes while in different poses.
Examples of different types of poses include extended upper body positions [6, 7], poses that mimic the
positioning required for different sports or activities [5, 8, 9, 10], poses that used to understand how to
improve comfort and fit [11] or to improve ease [11, 12].

Evaluation of fit for clothing was developed to improve the efficiency of clothing selection processes
[18, 14]. Examples of movement and functional relationships of anatomy for understanding the body or
anatomical positions can be found in various sources [15, 16, 17].

Alterations in response to posture differences tend to happen after the patterns for garments have been
designed for commercial or industrial patterns. Fitting and Pattern alterations are presented in various
publications [18, 19].

2.2 Posture within Pose

In some research, the posture was not recognized as a separate component from pose [20]. However,
in the table that extended on pages 30 and 31 of this source, various rotations and alignments were
presented.

Some of these included:

e The alignment of trapezius muscle with the latissimus dorsi muscle will impact the curvature
of the back,

e The curvature of the trapezius muscle will impact the curvature of the back,

e A forward or backward neck thrust can be shown by alignment with a vertical plane based on
the top of the shoulders using a side view of the body,

e The rotation of the hip joints and ankles can be presented as bowlegs or knocked knees, and

e The rotation of the biceps to the plane parallel to transverse plane of the top of the shoulder
was shown.

2.3 Landmarks

Using body landmarks is helpful for setting up the framework for the PARCS. The example of
scoliosis is shown as documented against horizontal planes or axes [21]. The analysis of different
body shapes (standing pose) can be achieved by setting up horizontal planes at predetermined
landmarks (such as knee, lower torso, mid torso and upper torso. In addition, the symmetry of the
body can be determined by a vertical axis from C7. The person standing “straight” can be shown with
a vertical axis showing the alignment of the hips, thighs and shoulders with a side view of the body
[22].

3. PARCSorP,S,AR,C
3.1 Placement

Placement of limbs, head, and neck can be described for a pose but will be interpreted by each
individual. Although the result of these various interpretations is acknowledged, it is not well understood
what causes these differences. For example, when a person is standing in a relaxed pose, with hands
hanging at the sides, the position of the hands (forward or back) is impacted by the rotation of the
shoulders and the alignment of vertebrae in the spine.

3.2 Symmetry

Symmetry about the sagittal plane is well understood. Symmetry of biological structures is the repetition
of parts in different positions and orientations. Such symmetry is a fundamental feature of most
organisms and of many of their parts [23]. “Humans are bilateral animals, that is we are generally
symmetric with respect to the sagittal plane. The need for directed movement results in bilateral
symmetry of muscles and skeletons though internal organs are often asymmetric.” [24]
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Three types of asymmetries are relevant for apparel:

e |f the asymmetries in a population are distributed on a bell-shaped curve with a ‘mean’ of no
asymmetry, then ready-to-wear clothes (RTW) for this population can be made symmetrically,

e |f the asymmetries in a population are distributed about a non-zero mean difference, then
RTW fit can be improved by being asymmetrical,

e |[f the distribution of asymmetries in a population is bimodal, RTW that takes this into account
will have improved fit.

Among the characteristics of bilateral asymmetry that can appear in parts of a human are where a
region on one side is:

Thicker

Extended to the side, front, or back

Twisted, i.e., it intersects the sagittal plane at a different angle
Higher.

One person may have more than one type of asymmetry, and these asymmetries can also occur in
combinations [25]. This study found thickness and twist asymmetry present in adolescents who did not
have torso or lower extremity asymmetries. The study suggests “that all persons in the normal
population have some extent of rotation or lateral curvature in their torsos”. Note that the asymmetry is
caused by rotation or curvature [25] underlining the interrelationship of PARCS considerations.

They also state “Approximately 75% of participants in the posterior torso showed right-sided protrusion
especially in the thoracic region as well as left directional protrusion in the lumbar region.” The study
was not focused on apparel. Medical researchers study asymmetry for a variety of reasons unrelated
to clothing fit. Their results do not translate to the apparel industry, but they show that asymmetry occurs
frequently [25]

Asymmetry may be by body region such as face [26], or breasts [27, 28, 29] which may or may not
impact garment fit. The mnemonic can be applied to body segments as well as the whole body. Before
3D scanners or hand-held scanners, measuring systems for head and face were developed [26]

However, because symmetry can be ignored most of the time, understanding how to design a garment
when symmetry is not an option is not a skill that is taught. Even though most people are asymmetrical,
they are asymmetrical within a small enough range that wearing symmetrical garments or covers are
deemed acceptable by the wearer. Body asymmetry is still within the range that wearing symmetrical
garments or covers are deemed acceptable by the wearer. However, some sources state that up to
25% of the population has noticeable body asymmetry [30]. It is estimated that 2- 3% of the population
has scoliosis [31].

The asymmetry expands to the joint mobility [32] which may or may not impact on the fit while moving
during everyday life.

Some models of humans used by 3D scanners “produce completely symmetrical avatars, which have
identical body measurements for left and right limbs.” [33] This could imply asymmetry may not be
recorded and as such conditions as scoliosis are not able to be documented with certain apps.

The ANSUR Il did not consider differences between the left or right side even if some images showed
such differences. [2]. This was shown in the previous paper presented at 3D Body Tech 2024 with
subjects from the Civilian American and European Surface Anthropometry Resource (CAESAR)
dataset.

3.3 Alignment/ Rotation

Alignment describes the relationship between body regions and, with a finer granularity, individual
bones. Alignment is also impacted by Rotation. Consider the normative curve of the spine, then overlay
it with the spine of an individual with spinal lordosis (swayback — in which the pelvis is shifted forward
and tilts backward). The increased inward curvature of the lumbar spine is the result of a difference in
vertebral alignment.

3.3.1 Lower body

Hip tilt (sometimes called waist tilt) is an important, but poorly understood, concept. The relationship
between (alignment of) individual vertebrae in the lower back impacts the fit of trousers and underwear.
[34].
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Further research is required to fully quantify hip tilt for pattern making. For example, the amount of the
hip tilt could be expressed as the rotation of the hips from either a vertical or horizontal plane. Hip filt
can also be caused by pelvis tilting either forward (anterior pelvic tilt) (Figure 1) to pull the lumber spine
into hyper-lordosis or the pelvis tilting backward (posterior pelvic tilt) and pulling the lumber spine flat
and considered pelvic tilt. Pelvic tilt depends on the relationship between the pelvis and the femur.
From a medical perspective, these measurements are being researched. Pelvic inclination, pelvic tilt,
and sacral slope are defined as the angles between landmarks identified across the pelvis [35].

Fig. 2. Neutral and anterior pelvic tilt.
(https://en.wikipedia.org/wiki/Pelvic_tilt)

Pelvic tilt impacts the crotch curve as the orientation of the curve will change the orientation of hip tilt.
This is discussed further under curvature.

If a person has knocked knees or bowed legs, the hip joints generally have internal or external rotation,
and the ankle and foot have pronation or supination. When comparing the alignment of the knees to
“typical” alignment, the differences in leg axes can be easily shown. However, the detailed causation is
generally rotation of the hips, ankles and feet.

The amount of rotation of joints may be impacted by the garments themselves. An example of this is
rotation of the hip joint while wearing tight jeans [36]

Bodies change as they age. Garment designed for a fit model who has not borne children will often
result in a poor fit for women who have borne children. Similarly, there are age-related changes in spinal
curvature, and clothing design for a younger fit model will often result in a port fit for the older person.
This is caused both by changes in the alignment/ rotation of the spine and pelvis, and also changes in
the distribution of adipose tissue.

3.3.2 Upper body

A forward shoulder rotation is quite common. The rounded shoulders may be caused by changes in
intervertebral discs, muscle weakness, or bone health. These can lead to gradual rounding of the spine
(kyphosis or “hunchback”). Curvature can be measured even without scan data by using a flexicurve
ruler especially over regions of interest such as the thoracic spine from (C7 to T12) [37]. Along with
kyphosis, the clavicles (collarbones) can roll forward. This combination rotation requires the back of the
garment to be cut wider, the front to be cut narrower, and the shape of the sleeve cap to be modified.
Rotation of the shoulders impacts the upper body garment with the difference in orientation of the
armscye girth plane. The location of the measurement of rotation is one of importance but not well
understood as the measurement of rotation may be over multiple axes of rotation.
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3.4 Curvature

In many ways, curvature is the resultant of the other posture characteristics. When evaluating a scan
based on surface data, it is the curvature that we see; we must infer other characteristics from the
curvature.

Any avatar-creation technology that uses synthetic humanoids without matching actual curvature of the
scanned person will result in an inaccurate representation of the subject. These deviations are notably
greater in plus sized women.

Curvature must also capture the relative location of body volume. For example, two figures could have
identical waist and hip measurements, but one figure could have a full high hip area and small thighs,
and the other could have a trimmer high hip area and full thighs. These two figures have very different
shapes (different Curvature) and significantly different location of body volume. When comparing scans
of the same person between different scanning technologies it is important to have the same curvature
irrespective of the technology used.

A common technique for determining the body volume is setting up horizontal cross sections or use a
“heatmap” (Figure 3) to compare complex anatomical curves of the body between various sizes of dress
forms [38]. The fact that horizontal cross sections and horizontal balance lines of the garment are co-
planer implies that dress forms themselves have a posture.
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Fig. 3. Heat map to show proximity of a garment to dress form [38]
Use with permission from P.U. Navodhya

Since curvature of body regions changes when in different poses, it is very important to understand
these changes when developing adaptive apparel. Chapter 5 of The Adaptive Apparel Designer’s Guide
[39] explains in detail areas to measure and how to measure especially, in a seated position. For
example, for greatest comfort, the crotch curve should be cut differently for those confined to a
wheelchair. The back rise is cut longer, and the front rise is cut shorter.

The crotch curve is of crucial importance when fitting trousers. However, it is difficult for 3D body
scanning technology to capture the required data. An analysis has been made of eighteen pattern
drafting methods, comparing how the crotch curve was calculated [40]. The crotch measurement is
complex and there is no unified theory of pattern making. The 3D body scanning technology rarely fully
captures the crotch area or the area is restructured based on synthetic or previously defined data. The
shape of this area is inferred from a catalog of existing avatars, often with no consideration for the actual
shape of the individual. This is problematic due both to alignment and rotation issues, and to the differing
adipose tissue placement in the hip and seat area. In particular, the decrease in collagen as people
age, leading to the drooping of adipose tissue in the buttocks area.
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4. Conclusion

Many current scanning technologies present the scan data of the body as symmetrical, and adjust the
image to have the usual posture. Traditional pattern drafting methods make these same assumptions,
relying on static body measurements, often overlooking the complex interplay between posture,
movement, and garment fit. Such approaches assume symmetry and stability, which rarely reflect the
reality of diverse body morphologies and body movements. To advance beyond these limitations,
scanning along with pattern making technology and theory must evolve from static representations to
dynamic, posture-sensitive geometric representations that explicitly respond to body
symmetry/asymmetry, alignment, rotation, and curvature.
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