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1. Introduction
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In the field of wheelchair seating, there has been tremendous variation in th
e use of terminology and definitions related to the clinical measures of a se
ated individual. Standard definitions and terms have been lacking for commun
icating critical postural information and support surface parameters in a way
that is uniformly useful to service providers, technicians, researchers, man
ufacturers, wheelchair users and purchasers when selecting and providing whee
lchair seating devices. To address this and other needs, work began in 1998
at an international level within the structure of the International Standard
s Organization (1S0) on the development of wheelchair seating standards. The
purpose of 76840 Part 1: Vocabulary, reference axis convention and measures
for body segments, posture and postural support surfaces is to specify standa
rdized geometric terms and definitions for describing and quantifying a perso
n’ s anthropometric measures and seated posture, as well as the spatial orien
tation and dimensions of a person’ s seating support surfaces. The plan thro
ughout the development of this document was to provide a standard that would
be useful not only for scientific research, but also for clinical practice in
all areas of the service delivery process. Work has already begun on develo
ping the tools necessary for clinicians to be able to utilize the measures in
the Part 1 standard. This work will continue with refinement based on feedba
ck from audiences such as this one. Successful implementation should allow ¢
linicians to improve their clinical practice in the area of wheelchair seatin
g.
2. Concepts in 1S016840-1
The following concepts are elements of the infegrated measurement system that,

when used together with the proposed terminology, permit the objective descr
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iption and recording of both the person’ s seated posture and the dimensions

of their postural support system.

1. Global Coordinate System: In order to take a measure of any kind that w

i1l have consistency across facilities and over time, agreement must fi
rst be reached on what recognized coordinate system, from the many poss
ible, will be used as the standard. After much debate, the following co
ordinate system was chosen. The direction of the positive X, Y, and Z

axes, relative to the seated person and as viewed by the observer, is d
efined in Figure 1 below. This has been termed the Global Coordinate Sy
stem because it remains fixed in orientation and thereby serves as the

constant reference to which all linear measures can be made — for the p
erson, their support surfaces, and their wheelchair (only the person is

shown in Figure 1). Figure 1 also shows the three— dimensional locatio

n of the origin (0,0,0p) of the coordinate system for the person.

+Zp Yy

000, T4 Sogog -
E‘ N
551 %
a) Side {sagitial) view b) Front {frontal) view = ¢) Top (1kaasvérse) view

Figure 1-Definition of Global Coordinate System
As seen in figure 1, there are three views in which measures are consider

ed - sagittal (side), frontal (front) and transverse (top), thereby allo
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wing an approximate 3-D representation of posture. This simplification re
duces all three-dimensional measures to two measures, which is consistent
with current clinical practice. Note that values for linear location me
asures can be positive or negative depending on the direction they extend
from the 0,0,0, center. Separately and/or collectively this coordinate
system al lows for measurement in the three traditional orthogonal planes
of locations, angles and linear dimensions of a seated person’ s body and
their seating support surfaces.

2.  Integrated Measurement System - There are really three coordinate axis s

ystems—- one for the person (termed, seated anatomical axis system (SAA
S), one for their postural support devices (termed, support surface axis
system (SSAS), and one for the wheelchair (termed, wheelchair reference s
ystem (WRS). Though described separately, each has been designed to allow
for integration with the other two systems. This integrated measurement
can then provide a description of the seated posture of the person, the
dimensions and placement of their postural support system and the set-up

of the wheelchair.

L NRL
E. ﬁXAV
a) Side (sagittal) view b) Front (frontal) view  c) Top (transverse) view

Figure 2 - Support Surface Axis System

3. The Compass Rose- In order to describe and measure angular positions of
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body segments and their support surface components, a zero reference must
be established. After much international debate, it was agreed that a 3
60 degree measurement system, termed the compass rose, seemed to offer th
e most advantages. As can be seen in ngure 3, this method defines the ze
ro reference position as aligned with the +Z axis and measures degrees co
ntinuously to 360 degrees in a clockwise direction. Therefore, angular me
asures are always positive and can range from 0 degrees to 360 degrees. T

his method is used for all angular measurements in all positions.

OO
360°

270° 90°

180°

Figure 3: Definition of the angular measurement system

Absolute vs. Relative Angular Measures:

The recording of angular measures of body segments in all three planes gi
ves us an objective method for describing and documenting seated posture.
This standard defines two types of angular measures, absolute and relati
ve, because it is clinically important to be able to define the orientati
on of body segments both with respect to other body segments (as this ref
lects joint position), and with respect to a fixed outside reference (as
this reflects orientation in space). Absolute angles define the orientat
ion of a single body segment or support surface relative to the vertical,

and relative angles define the angle between two adjacent body segments
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or support surfaces. Terms for absolute angles are defined in all three
views (sagittal, frontal and transverse), while terms for relative angles
are defined in the sagittal view only for simplicity.

Body Segments, Anatomical Landmarks and Segment Lines:

In order to define absolute and relative angles of the body, it was first
necessary to identify the speCific body segments of interest, and then b
e able to specify their orientation. |In order to accomplish this, body s
urface landmarks and lines joining these landmarks (termed segment /ines)
were defined for those body segments critical for defining seated postur
e, in each of the three views. The center of rotation (usually joint cen
ters) for each segment line is also defined. Measurements of deviations
of body segment lines from the designated reference axis in the compass r
ose, projected to the three orthogonal planes, permit the measurement and
recording of body segment angles.

Support Surface Geometric Center and Reference Lines:

Determination of absolute and relative angles of support surfaces require
d an additional step in this process, because unlike body segments, suppo
rt surfaces do not have a joint which helps define a natural center of ro
tation. Additionally, because support surfaces are not universal in thei
r size, shape or configuration there is no way to define them based on an
assumed size, shape, or configuration. For this reason, the concept of
the support surface geometric center was necessary. This hypothetical po
int on any support surface has a consistent definition regardless of the
size, shape, or configuration of the particular support surface involved.

Unlike a body segment line, which has a natural point of rotation, the
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support surface geometric center is actually at the center of the support
surface, so rotation occurs around it in any direction. This necessitat
es defining a support surface reference [ine which extends out of the sup
port surface geometric center and which is then used in the determination
of absolute and relative angular positions of that support surface. As
with body segments, these reference lines are defined within each of the
three planes. The SSGC is used not only as the standardized center of ro
tation for angular measures of support surfaces, it is also used as the s
tandardized point to which iinear location measures of support surfaces a

re taken.

3. Difficulties of clinical measurement according to 1S016840-1

1.

It is difficult to calculate the joint centers mathematically when a pa
tient cannot sit in the reference position (i.e. 90 degrees of hip and
knee flexion).

Clinicians may not have the time needed to precisely calculate joint ce
nters for measurement.

jt is difficult to determine the orientation of a contoured postural su
pport device (PSD), or of a PSD made of soft materials.

Determining the support surface geometric centre is quite challenging i
naclinical setting.

Determining the location of the origin of PSDs is challenging using cam

era methods.

4. Measurement methods and the parameter

Due to the variety of measurements defined in the standard, developing a sing
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