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Executive summary

This document describes the abstract physical model of VERITAS. This means sets of disease-
relatedpar amet ers and dat ge.,indegendenaaf the adtuabrodelling te¢chidique
that will have to be later used to produce virtual users.

Abstract data and parameters describe functional limitations. They have to be useful for the
production of virtual users, which means that they must be easy to map onto the parameters of the
specific model implementations. For this reason, data that are reported in this document are
guantitative objective and measurable indices. We mention also medical scales that can be found
in the literature, however these scales were developed for rating the severity of the disease and
are of little usefulness for developing virtual human beings with modelled disabilities.

We can roughly divide abstract data and parameters into two groups: the first group collects
parameters that can be mapped on the models in a straightforward fashion. For example: the

range of motion of joints. The second group collects parameters that need identification methods to

be transformed into models. For example the fepiral testdis a task related test, which measures
performance of people affected by Parkinson6 s d i. & eiraual eser with Parkinson6 s d i wille a s e
include some internal parameters (e.g. in the control patterns) that have to be tuned to reproduce

the spiral test. Nonetheless the spiral test is quantitative and thus tuning is possible.

In section number 1 we provide a prioritization of diseases, focusing on the most frequent ones.
For motor impairments we focused on 9 disease of the ICD 10 M block (with arthritis the most
i mportant), 5 disease of the G bl oc Multple Sctetosisy
1 of the I block (stroke). For visual impairments we focus on 4 pathologies of the H block; for
speech impairments 5 of the F_H_R blocks; for hearing impairments 4 of the H block.

In section 2 we introduce the metrics, i.e., a collection of measurable indices for the
characterization of each disability. In annex B.1 a detailed description of each index is given.
Indices can be summarized in groups related to Gait, upper limbs, lower limbs, torso, strength and
dexterity-control. The latter group (dexterity-control) is almost always made of task-related
performance indicators.

In section 3 we give the indicators for able-bodied people (including anthropometric data).

In section 4 we give a detailed description of each disease, including a section for elder people,
and focusing on abstract modelling parameters.

In section 5 the abstract parameters and data are summarized in a table form.

Annexes report additional information like the prioritization tables (Annex A) and detail description
of metrics (Annex B).

ng
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1. Spectrum and priority of diseases

There is a wide spectrum of diseases that can cause some kind of physical impairment in people.
These range from diseases of the nervous system to diseases of the musculoskeletal system and
connective tissues.

We organize physical impairments in four broad categories:
1) motor impairments;
2) visual impairments;
3) speech impairments;
4) hearing impairments.

The activity presented here (project activity A1.3.2) aims at defining and characterizing disabled
users by means of numerical values for specific parameter sets that model the disability.

A literature review is carried out to obtain the data about physical and motor impairments (in this
manner it is possible to characterize the disabled users and the relative pathologies).

1.1. Prioritization of motor diseases

The World Health Organization (WHO) [1] endorsed a classification of various diseases and other
health problems, called International Classification of Disease (ICD). From an overview of this
classification, it is clear that the number of disability types is very large. In addition, the category of
older people needs to be also considered. This is a transversal class, which, besides general aging
effects, can include one or more of the above diseases.
It is convenient to focus on a relatively small group of important pathologies, which have to be
considered with priority for the simulations and hence for the literature review. Thus, to define
which kinds of users have to be considered, the tables in Annex A.1 have been completed.
According to an Irish study [2], the causes of motor disabilities are due to illness and disease
(45%), Hereditary and Genetic (10%), Accidents, Injuries etc. (16%) and other causes (see graph
D1.3 od the cited paper).
Among the 45% due to illness, the most frequent ones are (see Figure 1.1):

1 Multiple sclerosis;
Cerebral palsy;
Stroke;
Arthritis (all forms);
Heart conditions.

=A =4 =4 A

Considering the above, we have put most of the efforts analyzing some blocks and diseases of the
ICD, which corresponds to most mobility problems due to illness and to some hereditary and
genetic causes. In particular we focused on the following blocks:

1 Block G: diseases of the nervous system;

1 Block M: diseases of musculoskeletal system and connective tissue.

i Block I: Stroke.
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The other blocks such as the block S (Injury, poisoning and certain other consequences of external
causes) and the block Q (Congenital malformations, deformations and chromosomal
abnormalities) havendot been considered

We believe that coverage of M and G blocks, with associated kinematic, dynamic and control
related limitations (see below) indirectly covers also other types of functional limitations that can be
associated with the neglected causes.

Multiple  Cerebral Diabetes Stroke  Arthritis(All Heart Polic or Other
Sclarosis Palsy forms) conditions post-polio

Figure 1.1 171 Illness reported as the cause of Mobility and Dexterity disability

Prioritization tables.

The tables reported in Annex A.1 give the prioritization of various pathologies (taken from ICD

classifications) and includes:

9 diseases of the musculoskeletal system and connective tissues: these disorders directly
concern problems of some body parts (joints, n
9 diseases of the nervous system: these disorders concern problems at the motor control

level, but they have an important influence in the task that a certain body part have to
accomplish.

For the prioritization, the relative importance of every disease has been defined. First of all, data on

prevalence (how many people are affected in a specific population) of every disease was found

(Annex A.1). This parameter is indicative, because, for every pathology, it refers to different

countries, depending on the data found in the literature.

By the number of people affected in a population, it is possible to establish the relative importance

of the disease compared with the others.

The prioritization was accomplished block by block (i.e., the prioritization of each M, G, block is

independent from the other one). Each disease was assigned either high priority (marked with the

l etter AHO) or | ow pr i orThdcyteriopnnuged to esdablighithe fprioritylise | e t |

based on a threshold: if a pathology has a prevalence lower than 10% of the most frequent one,

then the disease is not taken into account.

From the compProftygd of olt hmn t @& b | itesspossibile toAunderstand wheré

to put more efforts. For example, the pathologies with high priority (marked witht he | et t er

indicate the types of disabilities that need to be characterized with the best accuracy.

08/01/2014 9 UNITN



VERITAS _D1.3.1 v9 5 no_com

ments[1] (1).docx PU Grant Agreement # 247765

Annex A.l report the tables for this prioritization. In Table 1.1, Table 1.2 and Table 1.3 the
pathologies with the highest priority levels for G, | and M blocks respectively are summarized.

Table 1.1 7 Pathologies of G block with the highest priority value
ICD 10 Code Pathology

G201 G22 Par ki nsonoés Disease
G24 Dystonia
G35 Multiple Sclerosis
G60 Hereditary and idiopathic neuropathy

G801 G83 Cerebral Palsy

Table 1.2 1 Pathologies of | block with the highest priority value
ICD 10 Code Pathology
164 Stroke

Table 1.371 Pathologies of M block with the highest priority value

ICD 10 Code Pathology

MO5 i MO06 Rheumatoid Arthritis
M10 Gout
M16 Coxarthrosis (osteoarthritis of the hip)
M17 Gonarthrosis (osteoarthritis of the knee)
M18 Arthrosis of First Carpometacarpal Joint (hand osteoarthritis)
M40 Kyphosis and lordosis
M45 Ankylosing spondylitis
M50 7 M51 Cervical disc disorders and other intervertrebal disc disorders

In order to further reduce the number of diseases of the M block, cervical disc disorders (M50-51)
will not be studied in section 4. Conversely, data for Shoulder Adhesive Capsulitis, are reported
because they had already been collected before exclusion form the priority lists.

1.2. Prioritization of visual diseases

Using the classification of the International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10) version 2007, the diseases pointed out in the table of Annex A.2
of the eye, which affect vision, are considered as relevant for the VERITAS project.

Infectious diseases, inflammatory conditions, conditions resulting as symptoms from other causes,
scars, injuries and as complications of surgeries are excluded.

In order to select the diseases for consideration in VERITAS, an algorithm has been implemented
based on three criteria. The reason for that is the prevalence alone is not enough to characterize a
visual disease. For example, refractory errors are very common, but they can be easily treated by
the prescription of glasses or contact lenses. Therefore, three criteria have been considered,
instead of just the prevalence, as follows. The criteria and the corresponding qualitative ratings are:
1 extent of visual impairment caused by the disease (light, moderate or severe);
1 prevalence of disease, that is frequency of occurrence in the population (rare or not rare);
9 availability of treatment (yes or no).
The priority of the disease for VERITAS is calculated according to the following algorithm:

08/01/2014 10 UNITN
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IF
Availability of treatment = YES
THEN
Priority = LOW
ELSE
IF Prevalence = RARE
THEN
Priority = LOW
ELSE
IF Extent of Impairment = MODERATE OR SEVERE
THEN
Priority = HIGH

According to the analysis, the conditions that are of priority HIGH for VERITAS are the Senile
macular degeneration, the Diabetic retinopathy, Glaucoma and Colour vision deficiencies.

Table 1.471 Pathologies of H block with the highest priority value

ICD 10 Code Pathology
H35.3 Senile macular degeneration
H36.0 Diabetic retinopathy
H40 Glaucoma
H53.5 Colour vision deficiencies

Indeed, according to the World Health Organization, in the middle income and industrialized
countries three eye conditions are the main threats for visual impairment. These conditions are
diabetic retinopathy, due to the increase of diabetes incidence among several population groups,
glaucoma which can not be easily diagnosed at an early state and often requires life long treatment
and senile or age-related macular degeneration, which is the primary cause of visual deficiency in
industrialized countries.

Colour vision deficiencies usually do not interfere significantly with daily activities. In some
vocational settings, the impact of minor colour vision deficiencies can be significant. This is the
case of VERITAS project, where colour may be used to convey information, so impairments
caused by colour vision defects should be considered.

1.3. Prioritization of speech diseases

According to the Telaid project, 10% of the disabled population suffers from speech disorders [3].
While the Australian Bureau of Statistics (ABS) estimates that at least 2% of Australians have a
speech disability including difficulties in pronunciation of sounds, projection and fluency problems
[4].

At the same time the New York Times state that disfluencies are from the rhythm disorders that are
usually characterized by the repetition of a sound, word, or phrase stuttering is perhaps the most
serious one.

The data from the National Institute on Deafness and Other Communication Disorders (NIDCD) of
USA come to verify the aforementioned. According to NIDCD, approximately 7.5 million people in
the United States have trouble using their voices and more than 15 million individuals in the world
stutter, most of who began stuttering at a very early age [5].

Because the speech pathologies aren't many, the prioritization could be neglected.

08/01/2014 11 UNITN
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The Table 1.5 reports the speech diseases considered in the analysis.

Table 1.51 Speech pathologies considered in the analysis

ICD 10 Code Pathology
F98.5 Stuttering
F98.6 Cluttering
H91.3 Muteness no speech
R47.0 Dysarthria
R48.2 Apraxia of speech

1.4. Prioritization of hearing diseases

Hearing impairment is difficult to be statistically defined among the population and this is why we
can find a wide range of results worldwide. Also there are different ways of identifying the hearing
impairment. In some cases they use stage of deafness; in other cases they use types of disability.
This can lead to false or corrupted data. In this chapter data form worldwide known and certified
organizations about disability and hearing impairments are presented, which give a picture of the
hearing impairments situation in US, EU and worldwide.

In USA, statistics are primarily maintained by two Federal agencies: The National Centre for Health
Statistics (NCHS) [6], which is under the Centers for Disease Control (CDC) [7], and the U.S.
Census Bureau [8].

The estimated demographic figure from these organizations has ranged from 22 million deaf and
hard of hearing to as high as 36 million deaf and hard of hearing, which means approximately 15%
of the whole USA population. Of these, only a few million are considered "deaf" and the remainder
is hard of hearing. Further muddying statistics is the fact that some "deaf" people may actually be
hard of hearing, and some "hard of hearing" people may actually be deaf. While most people with
hearing loss are elderly who have lost hearing with age, approximately 12 out of every 1,000
persons with hearing impairment in USA is under 18 years of age, based on the most recently
available NCHS statistics [9].

In Europe, Eurostat is the major statistical organization that includes all kind of statistical data, and
al so statistical data about di sabilities. From |
AEmpl oyment of di sabled people in Europe in 200
population suffer from difficulties in hearing in EU 15 [10].

Worldwide, the most well-known and active organization is the World Health Organization (WHO).
WHO recognizes that only in Europe, about 71 million adults aged 18 to 80 years have a hearing
loss greater than 25 dB [11]. According to 2005 estimates by the World Health Organization, about
278 million people worldwide had moderate to profound hearing impairment of which 80% of them
live in low-and middle-income countries.

Specifically in Europe, WHO states that there are 10.2 million hearing impaired people in Germany,
7.6 million in France, 7.2 million in Spain, 4.7 million in Poland and 2 million in Netherlands. In the
UK, the Royal National Institute for Deaf People, RNID, has found that there are 8.7 million deaf
and hard of hearing people.

In North America the figure is estimated at around 35 million. In developing countries the burden of
hearing impairment is estimated to be twice as large as in developed countries, probably because
of a lot of untreated ear infections. At the same time, in the developed countries, people suffer from
hearing loss at younger and younger ages primarily due to the increased exposure to excessive
noise.

08/01/2014 12 UNITN
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If one has a hearing loss, the odds are such that he probably has a sensorineural loss.
Sensorineural hearing loss (SNHL) accounts for about 90% of all hearing loss. If we do the math,
90% of 8% of the population with a hearing loss works out to about 7% of the population. Recently
there has been an attempt to separate "sensorineural" into "sensory" and "neural” types. However,
for the most part, the mixed term "sensorineural” is used.
In conductive hearing loss, the second most common form of hearing loss, sound is not transmitted
into inner ear. If we do the math again, as only 8% of the population has a hearing loss at all, and
90% of them are sensorineural, this means that only 0.8% of the population has a conductive
hearing loss. An example of conductive hearing loss is plugging up of the ear by ear wax. Other
things that cause conductive hearing losses are fluid in the middle ear, and disorders of the small
bones (ossicles) in the middle ear.
However, the actual severity of hearing loss is measured as follows:

1 Mild Hearing Loss

1 Moderate Hearing Loss

i Severe Hearing Loss

1 Profound Hearing Loss
The explanation of each of the aforementioned terms will be explained at the following chapter.
The National Disability Survey of Ireland for 2006, showed that from all the population with hearing
disability, 61% reported a moderate level of difficulty, 36% severe level of difficulty and 3% could
not hear at all.
The Table 1.6 reports the hearing diseases considered in the analysis.

Table 1.6 1 Hearing pathologies considered in the analysis

ICD 10 Code Pathology

Conductive hearing loss, bilateral, unilateral with unrestricted

H90.0-H90.2 . : .
hearing on the contralateral side or unspecified
Sensorineural hearing loss, bilateral, unilateral with
H90.2-90.5 . A . -
unrestricted hearing on the contralateral side or unspecified

Mixed hearing loss conductive and sensorineural hearing

H90.6-H90.8 loss, bilateral, unilateral with unrestricted hearing on the
contralateral side or unspecified
H91.9 Hearing loss, unspecified

1.5. Data storage table

For the purpose of the project parameters and datat o b u i Abstract usez matlelo have to be
defined.
These can be conveniently stored in an appropriate data structure, which is represented by the
t a b Disbilify Categoryd r e p osedtian&. i n
The columns of the tables have the following meaning:

1 Disability Category: it represents the category of the impairment. Motor, visual, speech
and hearing are possible entries.
Block: it concerns a family of diseases with some similar characteristics;
Code and Pathology: it reports a sub-class of each block, with more specific pathologies;
Description: a short description of disease and its symptoms;
Priority: it is a qualitative value that represents the importance of each disease in
modelling phase. In VERITAS, we will consider only the pathologies with an high degree of
priority;

=A =4 =4 A

08/01/2014 13 UNITN



VERITAS_D1.3.1_v9_5_no_com PU Grant Agreement # 247765
ments[1] (1).docx

1 Age related: it establishes if a disease is related to the age (progressive) or not;
1 Functional limitations: it reports the limitations caused by the disease, according to the
ICF classification of the WHO;
1 Quantitative disability metrics: this columns-group reports various parameters, which
values can potentially be required to define the user model. The columns of this group are:
o Type: it includes a group of parameters that describe a specific part/function of the
human body;
o Parameter: for every type, this column reports a series of associated parameters;
o0 Value: the specific numeric value (mean and standard deviation) of the considered
parameter from literature data.
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2. Metrics

2.1. Metrics for motor impairments

Taxonomy of motor impairments. A broad classification of motor impairments is given in the
following. This classification discriminates functional aspects, which, in turn, call for different
metrics (and later different modelling methods).

1) Kinematics functional limitations. Reduction in mobility of joints, velocity of joints,
(possibly geometry of joints and bones) and ultimately reach and dexterity abilities.

2) Dynamics functional limitations. Reduction in muscle strength and ultimately the ability
to produce useful forces.

3) Control Functional limitation. Neuromuscular deficiencies, which ultimately results in
difficulty of controlling movements.

Kinematics functional limitations arise mostly from reduction of joint range of motion (M block) or
from reduction in joint speed (G block). These limitations are easily described by range and speed
limitations of joint parameters. Joint range/speed are for the most part directly observable and they
will be later easy to map onto parameters of the chosen simulation models (e.g., shoulder
abduction can be measured, and transformed into parameters for the articulated kinematic chains
of simulation manikins). However not all joints can be observed: for example rotations of single
spine joints is not (easily) observable. Only the overall displacements are easy to measure and to
find in the literature. In addition kinematic data are not sufficient for reach analysis. In facts where
several different postures exist for the same reach, criteria for selection of the most likely posture
are also necessary (see ID1.3.2).

Aside from the range of motion and speed of joints, there might also be deformities of joints and
links (bones). These can be, in principle, modelled with parameters that describe the spatial
position of successive joints in the kinematic chain, as for example the Denavit-HartenBerg
notation [394,395].

Dynamics functional limitations means reduced muscle forces (M block) or reduced muscle control
(G block). Muscle forces cannot be easily observed directly. In facts, what can be measured is the
force applied by limbs (hands, feet, etc.). These have to be converted into joint parameter (forces
of single muscles) by means of some identification techniques. However the identification
technique is in principle quite easy for forces (it calls for an inverse dynamic analysis).

Control functional limitations are caused by deficiencies of motor neurons in any point of the chain
that goes from motor cortex to cerebellum to spine and to muscles. Such deficiencies can be
measured by task performance indices (as an example the gait parameters). In turn, depending on
the modelling techniques used, proper model parameters have to be found to reproduce such
performance indices.

According to the picture above, kinematic limitations are the easiest to observe, model and those
for which data (although incomplete) close to modelling need are more abundant and available.
Conversely, control deficiencies are more difficult to observe, are related to specific task and are
more difficult to map onto parameters of the simulation models.
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The metrics of motor impairments have been defined, partly from the contributuion of ID1.3.1

(kinematics) and partly here.

Basically we have the following groups of metrics::

1 Gait parameters;

Strength parameters

= =4 =4 4 =4

Upper body kinematic parameters;
Lower body kinematic parameters.
Torso kinematic parameters;

Dexterity and control, task-related, performance indicators.

Table 2.1 summarizes the most relevant metrics for motor impairments. Additional metrics used in
relation with specific disabilities (e.g. dexterity tests, clinical scales, etc.) are given in chapter 4
under the specific disability section. Additional explanations of each metrics for motor impairments

are given in Annex B.1.

Table 2.17 Most relevant metrics of motor impairments
(additional disease-specific indicators are given in chapter 4).

Gait parameters

Parameter Unit
Step length m
Step width m
Stride length m

Gait cycle time

S

Cadence steps per minute or Hz
Velocity cm/s
Neck rotation rad
Neck extension rad
Neck lateral bend rad
Shoulder horizontal adduction/abduction rad
Shoulder rotation rad
Upper body parameters Shoulder flexion/extension rad
Elbow flexion/extension rad
Forearm supination/pronation rad
Wrist ulnar bend/radial bend rad
Wrist flexion/extension rad
Joint angular velocity for each of the above | rad/s
Plantar flexion/dorsiflexion rad
Knee flexion rad
s [ T Hip flexion/extension rad
Hip adduction/abduction rad
Foot rotation rad
Joint angular velocity for each of the above | rad/s
Sagittal flexion of torso rad
Torso parameters Lateral flexion of torso rad
Torsion of torso rad
Joint net-torque (for each of the above Nm
joints)
Ligament force N
Muscle force N
Pull force N
Strength parameters Push force N
Up force N
Down force N
In force N
Out force N
Hand grip N
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Parameter Unit
Thumb-finger grip (palmer) N
Thumb-finger grip (tips) N
Torque strength supination Nm
Torque strength pronation Nm

Point to point motion tasks
Reaction time s
Movement time s
Path deviation in point to point motion mm or %
Movement speed m/s
Jerk m/s"3
Continuous tracking tasks
Percentage time in target (PTT) %

Dexterity/control Root Mean Square Error (RMSE) mm
Deviation to trajectory mm
Mean speed mm/s
Standard deviation speed mm/s
Mean error to hold the position mm
Standard deviation of holding position mm

Fittsbs | aw
a ms
b ms

2.2. Metrics for visual impairments

Visual skills assessment currently involves the assessment of:

9 Visual Acuity i the ability to perceive details presented with good contrast;

1 Visual Field i the ability to simultaneously perceive visual information from various parts of
the environment.

Measurement techniques for these two abilities have been well established and standardized.
Other visual functions that should be assessed are:

1 Contrast Sensitivity i the ability to perceive patterns of poor contrast. Loss of this ability
can interfere significantly with many daily activities.

1 Glare sensitivity, including delayed Glare recovery, Photophobia and reduced or delayed
Light and Dark Adaptation are other functions that may interfere with proper contrast
perception.

1 Color vision deficiencies

Standardized measurement techniques have not yet been developed for all of these functions.
One can find a more complete explanation of these metrics in Annex B.2.

Table 2.27 Metrics of visual impairments
Metrics for visual impairments

Visual acuity
Visual field
Contrast sensitivity
Glare sensitivity
Color vision deficiencies

2.3. Metrics for speech impairments

The speech analysis is complex and has been disregarded for a long time. The speech disorders
are very personalized disabilities so the metrics used for their assessment are quite vague and the
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methods are empirical. The task is complex due to the inherent variability of the speech signal,
which varies for a given word both between speakers and for multiple utterances by the same
speaker. Indeed, many studies don't return specific analysis of the speech.

An issue is the diagnosis of the speech impairment, which is primarily based on the criteria severity
of involvement and pattern. Severity of involvement is often used to establish the need for
articulation and phonological treatment. Unfortunately, severity is determined differently by
counties, school districts, and sometimes even by clinicians in the same clinical setting, leading to
situations in which a patient might be deemed eligible for articulation and phonological services in
one community but not in another. Severity of articulation and phonological involvement is
measured by various means, each with its own strengths and limitations. Clinical judgment scales,
the most widely used severity assessment instruments, are simple and quick to use, but are highly
subjective. The best-researched procedure is the PCC, which is intended primarily for use with
clients with multiple substitutions and deletions. The value of the PCC is limited somewhat by its
dependence on spontaneous speech samples, which makes its use problematic in clinical settings
that cannot afford the time needed for data collection and analysis.

The ACI is a new measure of severity intended for use with people whose speech contains many
distortions. A limitation of the ACI is that, as its author notes, reliable data access do not exist to
identify various types of distortions [12].

As with the PCC, the ACI requires a spontaneous speech sample, which limits its potential
usefulness in clinical settings that cannot afford the time needed to perform data collection and
analysis. Percentage of development offers a relatively quick means to calculate severity, using
information that is obtained as part of the evaluation. The developmental theory, on which the
calculation is based, however, seems somewhat odd, because it is probably more accurate to say

thataper sosnpsedesc h i s similar to a younger childds sp:
t hat t he clientotsaisnpegpethceinst age cgounger t han a
Percentage of devel opment al so appears to ignor e

articulation and phonological development.
The metrics are summarized in Table 2.3.
A more detailed explanation of PCC and ACI indexes is given in the Annex B.

Table 2.317 Metrics of speech impairments
Metrics for speech impairments

PCC (Percentage of Consonants Correct)
ACI (Articulation Competence Index)

2.4. Metrics for hearing impairments

For hearing impairments the audiogram is a good indicator: it reports the hearing level in Decibels
versus the frequency of the signal.
The metric is summarized in Table 2.4.

Table 2.4 7 Metrics of hearing impairments
Metrics for hearing impairments
Decibel as function of Frequency
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3. Literature review about able-bodied people

This section deals with the anthropometric characterization of a person. Not all the disabilities
cause variations on the body structure of a person. Instead, it is common that pathologies affect
the functionality of the body, such as the range of motion of joints or the muscle strength. In this
case the difference between an able-bodied individual and a disabled subject may be restricted
only to the values of the parameters that define the model sharing the same underlying structure.
In other words, the same model could theoretically represent both kinds of people in a continuum
fashion, in the cases where a disease affects the functionality and not the anthropometry of a
subject.

Thus, the first step is here the definition of typical anthropometric data.

3.1. Anthropometric data

In this paragraph, anthropometric data for able-bodied people is given. The documentation
reported in the tables below has been extracted from [13]. The following pictures shows the body
dimensions, with the relative ID code. The tables report data (in cm or inch) for each ID code.

Female Va5

Figure 3.11 Body-size of 40-year-old Japanese female for year 20007 part 1

Table 3.1 - Body-size of 40-year-old Japanese female for year 20007 part 1

Notes No. Dimension 5th Percentile cm 50th Percentile cm 95th Percentile cm
(inches) (inches) (inches)
1 805 Stature 148.9 (58.6) 157.0 (61.8) 165.1 (65.0)
1 973 Wrist height 70.8 (27.9) 76.6 (30.2) 82.4 (32.4)
64 Ankle height 5.2 (2.0) 6.1(2.4) 7.0 (2.8)
1 309 Elbow height 92.8 (36.5) 98.4 (38.8) 104.1 (41.0)
169 Bust depth 17.4 (6.8) 20.5 (8.1) 23.6 (9.3)
1 916 \értical trunk circumfrence 136.9 (53.9) 146.0 (57.5) 155.2 (61.1)
1,2 612 Midshoulder height, sitting
459 Hip breadth, sitting 30.4 (12.0) 33.7 (13.3) 37.0 (14.6)
1 921 Waistback 35.2 (13.9) 38.1 (15.0) 41.0 (16.1)
506 Interscye 32.4 (12.8) 35.7 (14.1) 39.0 (15.4)
639 Neck circumfrence 34.5(13.6) 37.1(14.6) 39.7 (15.6)
754 Shoulder length 11.3 (4.4) 13.1 (5.1) 14.8 (5.8)
General Notes:
(8) Gravity conditiond thedimensions apply to & G condition ony. Dimension expected to change
significantly due to microgravity are marked.
(b) Measurement daté the number adjacent to each of the dimension are reference colessame cod
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Notes No.

Dimension

5th Percentile cm
(inches)

50th Percentile cm
(inches)

95th Percentile cm
(inches)

arein NASA RP 1024plume 2.NASA RP 10246
plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to gidayeightlessness (See
NASA STD 3000,\olume I, Figure 3.2.3112, for information). Almost all of this change appears in thd
spinal column and thudfects (increases) other related dimensions, such as sitting height (hwitoek),
shoulder height sitting, eye height, sitting, and all dimensions that include the spine.

(2) Sitting height would be better named as buftwektex in microgravity conditions, unless the crewmennj
were measured with a firm pressure on shoulders pressing him or her agdixed, flat® s i t t i n
surface. All sitting dimensions (vertex, eye, shou|dmnd elbow) increase in weightlessness by two
changes:

ume 2 provides additional data for these measurement

€)) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8
(b) Extension of the spinal column as explained in note (1) above (3 percent of stature on gro
fala RS ?
i
304 s
Ta73
a1
¥
Figure 3.21 Body-size of 40-year-old American male for year 20007 part 1
Table 3.2 - Body-size of 40-year-old American male for year 20007 part 1
. . 5th Percentile cm 50th Percentile cm 95th Percentile cm
Notes No. Dimension . . .
(inches) (inches) (inches)
1 805 Stature 169.7 (68.8) 179.9 (70.8) 190.1 (74.8)
1 973 Wrist height
64 Ankle height 12.0 (4.7) 13.9 (5.5) 15.8 (6.2)
1 309 Elbow height
169 Bust depth 21.8 (8.6) 25.0 (9.8) 28.2 (1.1)
1 916 \értical trunk circumfrence 158.7 (62.5) 170.7 (67.2) 182.6 (71.9)
1,2 612 Midshoulder height, sitting 60.8 (23.9) 65.4 (25.7) 70.0 (27.5)
459 Hip breadth, sitting 34.6 (13.6) 38.4 (15.1) 42.3 (16.6)
1 921 Waist back 43.7 (17.2) 47.6 (18.8) 51.6 (20.3)
506 Interscye 32.9 (13.0) 39.2 (15.4) 45.4 (17.9)
639 Neck circumfrence 35.5(14.0) 38.7 (15.2) 41.9 (16.5)
754 Shoulder length 14.8 (5.8) 16.9 (6.7) 19.0 (7.5)
378 Forearngforearm breadth 48.8 (19.2) 55.1 (21.7) 61.5 (24.2)

General Notes:

(@) Gravity conditiong the dimensions apply to 4@ condition ony. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement daththe number adjacent to each of the dimension are reference cbdesame codes a
in NASA RP 1024flume 2.NASA RP 1024plume 2 provides additional data for these measuremen
plusan explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
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Notes No.

Dimension

5th Percentile cm
(inches)

50th Percentile cm
(inches)

95th Percentile cm
(inches)

NASA STD 3000,\blume I, Figure 3.2.3112, for information). Almost all of this change appears in the
spinal column and thudfects (increases) other related dimensions, such as sitting height (hwitote),
shoulder height sitting, eye height, sitting, and all dimensions that include the spine.

(2) Sitting height would be better named as buftwektex in microgravity conditions, unless the crewmemb
were measured with a firm pressure on shoulders pressing him or her against a fix@&dsflatt t i n g
surface. All sitting dimensions (vertexye, shoulde and elbow) increase in weightlessness by two

changes:
@) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 t0 0.8
(b) Extension of the spinal column as explained in note (1) above (3 perctatuwé on ground).

Femala |

Figure 3.3 - Body-size of 40-year-old Japanese female for year 2000 i part 2

Table 3.3 - Body-size of 40-year-old Japanese female for year 20001 part 2
Notes No. Dimension 5th P.ercentile cm 50th Eercentile cm 95th Eercentile cm
(inches) (inches) (inches)
1,2 758 Sitting height 78.3 (30.8) 84.8 (33.4) 91.2 (35.9)
1,2 330 Eye height, sitting 68.1 (26.8) 73.8 (29.1) 79.8 (31.4)
4 529 Knee height, sitting 41.6 (16.4) 45.8 (16.4) 49.5 (19.5)
678 Popliteal height 34.7 (13.6) 38.3(15.1) 41.9 (16.5)
751 Shouldegelbow length 27.2 (10.7) 29.8 (1.7) 32.4 (12.8)
184 Buttockgknee length 48.9 (19.2) 53.3 (21.0) 57.8 (22.7)
420 Handlength 15.8 (6.2) 17.2 (6.8) 18.7 (7.3)
411 Hand breadth 6.9 (2.7) 7.8 (3.1) 8.6 (3.4)
416 Hand circumference 17.9 (6.5) 17.9 (7.0) 19.3 (7.6)

General Notes:

are

(a) Gravity conditiong the dimensions apply to 4@ condition ony. Dimension expected thange
significantly due to microgravity are marked.
(b) Measurement data the number adjacent to each of the dimension are reference cétessame code

in NASA RP 1024plume 2.NASA RP 1024pblume 2 provides additional data for theseasurements
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:
(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA STD 3000,Volume |, Figure 2.3.17 2, for information). Almost all of this change appears in the
spinal column and thudfacts (increases) other related dimensions, such as sitting height (hwitoEk),
shoulder height sitting, eye height, sitting, and all dimensions that ineltite spine.
(2) Sitting height would be better named as bufteektex in microgravity conditions, unless the crewmemb
were measured with a firm pressure on shoulders pressing him or her against a fix@dsflatt t i ng o
surface. All sitting dimensions (vertex, eye, shouidand elbow) increase in weightlessness by two

changes:
@ Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 t0 0.8
(b) Extension of the spinal column as explained in note (1) afBopercent of stature on ground).

(4) Knee heightsitting may increase slightly in microgravity due to relief of the pressure on the heel whig
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Notes No.

Dimension

5th Percentile cm
(inches)

50th Percentile cm
(inches)

95th Percentile cm
(inches)

occurs when it is measured on the groufithe increase is probably not more than 2 to 3 mm (0.1.inch)

Male 758

Figure 3.4 - Body-size of 40-year-old American male for year 20001 part 2

Table 3.4 - Body-size of 40-year-old American male for year 20007 part 2

Notes No. Dimension 5th Pgrcentile cm 50th ?ercentile cm 95th ?ercentile cm

(inches) (inches) (inches)

1,2 758 Sitting height 88.9 (35.0) 94.2 (37.1) 99.5 (39.2)

1,2 330 Eye height, sitting 76.8 (30.3) 81.9 (32.2) 86.9 (34.2)

529 Knee height, sitting 52.6(20.7) 56.7 (22.3) 60.9 (24.0)

678 Popliteal height 40.6 (16.0) 44.4 (17.5) 48.1 (19.0)

751 Shouldegelbow length 33.7 (13.3) 36.6 (14.4) 39.4 (15.5)

184 Buttockcknee length 56.8 (22.4) 61.3 (24.1) 65.8 (25,9)

420 Hand length 17.9 (7.0) 19.3 (7.6) 20.6 (8.1)
411 Hand breadth 8.2(3.2) 8.9 (3.5) 9.6 (3.8)

416 Hand circumference 20.3 (8.0) 21.8 (8.6) 23.4(9.2)

(@)
(b)

@)

)

(4)

General Notes:

Gravity conditiong the dimensions apply to 4 & condition ony. Dimension expected to change
significantly due tamicrogravity are marked.

Measurement data the number adjacent to each of the dimension are reference cobdesame codes a
in NASA RP 1024f6lume 2.NASA RP 1024blume 2 provides additional data for these measuremen
plus an explanation of hmeasurement technique.

Notes for application of dimensions to microgravity conditions:

Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See

NASA STD 3000,\olume I, Figure 3.2.3i12, for information). Almost allof this change appears in the
spinal column and thudfects (increases) other related dimensions, such as sitting height (hwitoiek),
shoulder height sitting, eye height, sitting, and all dimensions that include the spine.

Sitting height wouldbe better named as buttdslertex in microgravity conditions, unless the crewmemb
were measured with a firm pressure on shoulders pressing him or her against a fix@dsfliatt t i n g
surface. All sitting dimensions (vertex, eye, shouJdmdelbow) increase in weightlessness by two
changes:

(@) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8
(b) Extension of the spinal column as explained in note (1) above (3 percent of stature on gro
Knee heiglitsitting may increase slightly in microgravity due to relief of the pressure on the heel whig

occurs when it is measured on the grouiithe increase is probably not more than 2 to 3 mm (0.1 inch).

08/01/2014 22

UNITN



VERITAS _D1.3.1 v9 5 no_com

ments[1] (1).docx PU Grant Agreement # 247765

Femala

sask

249

Figure 3.5 - Body-size of 40-year-old Japanese female for year 2000 i part 3

Table 3.5 - Body-size of 40-year-old Japanese female for year 20007 part 3

Notes No. Dimension 5th Pfercentile cm 50th Eercentile cm 95th Eercentile cm

(inches) (inches) (inches)

949 Waist height 90.1 (35.5) 96.7 (38.1) 103.4 (40.7)

249 Crotch height 65.2 (25.7) 70.8 (27.8) 76.1 (30.0)

215 Calf height 25.5 (10.0) 28.9 (1.4) 32.3(12.7)

103 Biacromial breadth 32.4 (12.8) 35.7 (14.1) 39.0 (15.40

1 946 Waist front

735 Scye circumference 32.3(12.7) 36.1(14.2) 39.8 (15.7)

178 Buttock circumference 79.9 (31.5) 87.1(34.3) 94.3 (37.1)
1,2 312 Elbow rest height 20.7 (8.2) 25.0 (9.9) 29.3 11.5)
856 Thighclearance 11.2 (4.4) 12.9 (5.1) 14.5 (5.7)

381 Forearnghand length 37.3(14.7) 41.7 (18.4) 44.6 (17.6)

200 Buttockgpopliteal length 37.9 (14.9) 41.7 (18.4) 455 (17.9)

General Notes:

(@) Gravity conditiond the dimensions apply to 4@ conditiononly. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement datathe number adjacent to each of the dimension are reference cbdesame codes a
in NASA RP 1024plume 2.NASA RP 1024plume 2, provideadditional data for these measurementsg
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA STD 3000,\blume I, Figure 3.2.3112, for information). Aimost all of this change appears in the
spinal column and thudfects (increases) other related dimensions, such as sitting height (bwitoiek),
shoulder height sitting, eye height, sittin and all dimensions that include the spine.

(2) Sitting height would be better named as bufteektex in microgravity conditions, unless the crewmemi
were measured with a firm pressure on shoulders pressing him or her against a fix@&dsflatt suppaortg
surface. All sitting dimensions (vertex, eye, shoujdd elbow) increase in weightlessness by two

changes:
@) Relief of pressure on the buttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 t0 0.8
(b) Extension of the spinablumn as explained in note (1) above (3 percent of stature on groun
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Table 3.6 - Body-size of 40-year-old American male for year 2000 i part 3

PU Grant Agreement # 247765

Notes No. Dimension 5th Pfercentile cm 50th Eercentile cm 95th Eercentile cm
(inches) (inches) (inches)
949 Waist height 100.4 (39.5) 108.3 (42.6) 116.2 (45.7)
249 Crotch height 79.4(31.3) 85.4 (34.0) 93.3 (36.7)
215 Calf height 32.5 (12.8) 36.2 (14.3) 40.0 (15.7)
103 Biacromial breadth 37.9 (14.9) 41.1 (16.2) 44.3 (17.5)
1 946 Waist front 37.2 (14.6) 40.9 (16.1) 44.6 (17.5)
735 Scye circumference 44.4 (17.5) 49.0 (19.3) 53.6(21.1)
178 Buttock circumference 91.0 (35.8) 100.2 (39.4) 109.4 (43.1)
1,2 312 Elbow rest height 21.1(8.3) 25.4 (10.0) 29.7 1.7)
856 Thigh clearance 14.5 (5.7) 16.8 (6.6) 19.1 (7.5)
381 Forearnghand length
200 Buttockgpopliteal length 46.9(18.5) 51.2 (20.2) 55.5 (21.9)

General Notes:

(@) Gravity conditiond the dimensions apply to 4@ condition ony. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement datathe number adjacent to each of tliemension are reference codeBhe same codes a
in NASA RP 1024plume 2.NASA RP 1024plume 2 provides additional data for these measuremen
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity caods:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA STD 3000,\blume I, Figure 3.2.3112, for information). Aimost all of this change appears in the
spinal column and thudfacts (increases) other mkd dimensions, such as sitting height (buttoektex),
shoulder height sitting, eye height, sitting, and all dimensions that include the spine.

(2) Sitting height would be better named as buftwektex in microgravity conditions, unless the crewmembh
were measured with a firm pressure on shoulders pressing him or her against a fix@dsfliatt t i n g
surface. All sitting dimensions (vertex, eye, shoujdmd elbow) increase in weightlessness by two

changes:
@) Relief of pressure on thmuttock surfaces (estimated increase of 1.3 to 2.0 cm (0.5 to 0.8 ing
(b) Extension of the spinal column as explained in note (1) above (3 percent of stature on gro
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Female

Figure 3.7 - Body-size of 40-year-old Japanese female for year 20007 part 4

Table 3.7 - Body-size of 40-year-old Japanese female for year 20007 part 4

Notes No. Dimension 5th Pfercentile cm 50th Eercentile cm 95th Pgrcentile cm
(inches) (inches) (inches)

1,3 23 Acromial (shoulder) height 119.6 (47.1) 127.1 (50.0) 134.5 (53.0)
894 Trochanteric height 71.0 (28.0 76.7 (30.2) 82.4 (32.5)
873 Tibiale height 35.9 (14.1) 39.3 (15.5) 42.7 (16.8)
122 Bideltoid (shoulder) height 35.6(14.0) 38.9 (15.3) 42.1 (16.6)
223 Chest breadth 24.5(9.7) 26.8 (10.5) 29.0 (L1.4)
457 Hip breadth 30.5 (12.0) 32.9 (12.9) 35.3(13.9)
165 Bizygomatic (face) breadth 13.3(5.2) 14.5 (5.7) 15.7 (6.2)
427 Head breadth 14.4 (5.7) 15.6 (6.1) 16.8(6.6)

General Notes:

(@)
(b)

Removal of the gravitatia@h pull on the arms

Extension of the spinal column as explained in Note (1) above (3 percent of stature on gr,

(a) Gravity conditiong the dimensions apply to 4 G condition ony. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement datathe number adjacent to each of the dimension are reference codesame codes a
in NASA RP 1024plume 2.NASA RP 1024plume 2 provides additional data for these measuremen
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(1) Stature increaseapproximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA STD 3000,\blume I, Figure 3.2.3112, for information). Aimost all of this change appears in the
spinal column and thudffacts (increases) other related dimensions, such tsgsheight (buttockvertex),
shoulder height sitting, eye height, sitting, and all dimensions that include the spine.

(3) Shoulder or acromial height, sitting or standing, increases during weightlessness due to two factors;
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Figure 3.8 - Body-size of 40-year-old American male for year 20001 part 4

Table 3.8 - Body-size of 40-year-old American male for year 20007 part 4

Notes No. Dimension 5th Pgrcentile cm 50th ?ercentile cm 95th ?ercentile cm
(inches) (inches) (inches)

1,3 23 Acromial (shoulder) height 138.0 (54.3) 147.6 (58.1) 157.3 (61.9)
894 Trochanteric height 88.3 (34.8) 96.6 (37.6) 102.9 (40.5)
873 Tibiale height X X X
122 Bideltoid (shoulder) height 44.6 (17.6) 48.9 (19.3) 53.2 (20.9)
223 Chest breadth 29.7 (1.7) 33.2 (13.1) 36.7 (14.4)
457 Hip breadth 32.7 (12.9) 35.8 (14.1) 39.0 (15.4)
165 Bizygomatic (face) breadth 13.4 (5.3) 14.3 (5.6) 15.1 (6.0)
427 Head breadth 14.8 (5.8) 15.7 (6.2) 16.5 (6.5)

General Notes:

(a) Gravity conditiong the dimensions apply to 4 G condition ony. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement datathe number adjacent to each of the dimension are reference cobdesame codes a
in NASA RP 1024f6lume 2.NASA RP 1024blume 2 provides additionakbdi for these measurements
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(1) Stature increases approximately 3 percent over the first 3 to 4 days in weightlessness (See
NASA STD 3000,Volume I, Figure 3.2.3112, for information). Almost all of this change appears in the
spinal column and thudffacts (increases) other related dimensions, such as sitting height (hwtoiek),
shoulder height sitting, eye height, sitting, and all dingans that include the spine.

(3) Shoulder or acromial height, sitting or standing, increases during weightlessness due to two factors;
(@) Removal of the gravitational pull on the arms

(b) Extension of the spinal column as explained in Note (1) abgver¢@nt of stature on ground)
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Female

Figure 3.9 - Body-size of 40-year-old Japanese female for year 2000 i part 5

Notes No. Dimension 5th Pgrcentile cm 50th ?ercentile cm 95th ?ercentile cm
(inches) (inches) (inches)
747 Shoulder circumference X X X
230 Chest circumference 73.2 (28.8) 82.1(32.3) 90.9 (35.8)
6 931 Waist circumference 55.3 (21.8) 63.2 (24.9) 71.2 (28.0)
5 852 Thigh circumference 45.6 (17.9) 51.6 (20.3) 57.7 (22.7)
5 515 Kneecircumference 31.0(12.2) 34.6 (13.6) 38.2 (15.0)
5 207 Calf circumference 30.3 11.9) 34.1 (13.4) 37.8 (14.9)
113 Biceps circumference, relaxed 21.8 (8.8) 25.5(10.1) 29.3 (11.5)
967 Wrist circumference 13.7 (5.4) 15.0 (5.9) 16.2 (6.4)
111 Bicepscircumference, flexed X X X
369 Forarm circumference, relaxed 19.9 (7.8) 22.0 (8.7) 24.1 (9.5)

General Notes:

significantly due to microgravity ammarked.

2 for measurements on actual persons.

(a) Gravity conditiong the dimensions apply to 4 G condition ony. Dimension expected to change

(b) Measurement datathe number adjacent to each of the dimension are reference cobdesame codes a
in NASA RP 1024plume 2.NASA RP 1024plume 2 provides additional data for these measuremen
plus an explanation of the measuremtechnique.

Notes for application of dimensions to microgravity conditions:

(5) Leg circumferences and diameters significantly decrease during the first day in micrpg&eetNASA
RP 1024 Molume 1, appendix C, for details and measurements of gotusbns.

(6) Waist circumference will decrease in microgravity due to fluid shifts to the upper tSem Figure3.2.3.1
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Male

Figure 3.10 - Body-size of 40-year-old American male for year 2000 i part 5

Table 3.9 - Body-size of 40-year-old American male for year 200071 part 5

Notes No. Dimension 5th P.ercentile cm 50th ?ercentile cm 95th ?ercentile cm
(inches) (inches) (inches)
747 Shoulder circumference 109.5 (43.1) 119.2 (46.9) 128.8 (50.7)
230 Chest circumference 89.4 (35.2) 100.0 (39.4) 110.6 (43.6)
6 931 Waist circumference 77.1(30.3) 89.5(35.2) 101.9 (40.1)
5 852 Thighcircumference 52.5(20.7) 60.0 (23.6) 67.4 (26.5)
5 515 Knee circumference 35.9 (14.1) 39.4 (15.5) 42.9 (16.9)
5 207 Calf circumference 33.9(13.3) 37.6 (14.8) 41.4 (16.3)
113 Biceps circumference, relaxed 27.3 (10.7) 31.2(12.3) 35.1(13.8)
967 Wrist circumference 16.2 (6.4) 17.7 (7.0) 19.3 (7.6)
111 Biceps circumference, flexed 29.4 (11.6) 33.2(13.1) 36.9 (14.5)
369 Forarm circumference, relaxed 27.4 (10.8) 30.1 11.8) 32.7 (12.9)

General Notes:

(@) Gravity conditiond the dimensions appltp a I G condition ory. Dimension expected to change
significantly due to microgravity are marked.

(b) Measurement datathe number adjacent to each of the dimension are reference cbdesame codes a
in NASA RP 1024f6lume 2.NASA RP 1024blume2 provides additional data for these measurement
plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(5) Leg circumferences and diameters significantly decrease during the first day in raigtpgBee NASA
RP 1024 Molume 1, appendix C, for details and measurements of actual persons.

(6) Waist circumference will decrease in microgravity due to fluid shifts to the upper t8es Figur3.2.3112
for measurements on actual persons.
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Female

Figure 3.11 - Body-size of 40-year-old Japanese female for year 2000 i part 6

Table 3.10 - Body-size of 40-year-old Japanese female for year 2000 i part 6

) . 5th Percentile cm 50th Percentile cm 95th Percentile cm
Notes No. Dimension . . )
(inches) (inches) (inches)
67 Thumixtip reach 65.2 (25.7) 71.6 (28.2) 78.0 (30.7)
772 Sleeve length X X X
441 Head length 16.7 (6.6) 18.2 (7.2) 19.6 (7.7)
430 Head circumference 53.2(20.9) 55.2 (21.7) 57.2 (22.5)
586 Mentongsellion (face) length 9.0 (3.5) 10.8 (4.2) 12.6 (5.0)
362 Foot length 21.3 (8.4) 22.9 (9.0) 24.4 (9.6)
356 Foot breadth 8.6 (3.4) 9.3 (3.7) 10.0 (3.9)
97 Ball of foot circumference 21.0(8.3) 22.7 (8.9) 24.3 (9.6)
General Notes:
(@) Gravity conditiond the dimensions apply to 4@ condition ory. Dimension expected to change
significantly due to microgravity are marked.
(b) Measurement data the number adjacent to each of the dimension are referemdes. The same code
are in NASA RP 1024\blume 2. NASA RP 1024\olume 2 provides additional data for the
measurementglus an explanation of the measurement technique.

Male

Figure 3.12 - Body-size of 40-year-old American male for year 20007 part 6
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. . 5th Percentile cm 50th Percentile cm 95th Percentile cm
Notes No. Dimension . ) .
(inches) (inches) (inches)
67 Thumigtip reach 74.9 (29.5) 81.6 (32.1) 88.2 (34.7)
772 Sleeve length 86.2(33.9) 92.0 (36.2) 97.9 (38.5)
441 Head length 18.8 (7.4) 20.0 (7.9) 21.1(8.3)
430 Head circumference 55.5 (21.8) 57.8 (22.8) 60.2 (23.7)
586 Mentongsellion (face) length 11.1 (4.4) 12.1 (4.8) 13.1 (5.2)
362 Foot length 25.4 (10.0) 27.3(10.8) 29.3 (1.5)
356 Foot breadth 9.0 (3.6) 9.9 (3.9 10.7 (4.2)
97 Ball of foot circumference 23.1(9.1) 25.1(9.9) 27.2(10.7)
General Notes:
(&) Gravity conditiond the dimensions apply to 4G condition ony. Dimension expected to change
significantly due to microgravity are marked.
(b) Measurement datathe number adjacent to each of the dimension are reference cbdesame codes a
in NASA RP 1024ylume 2. NASA RP 1024blume 2 provides additional data for these measure
plusan explanation of the measurement technique.
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3.2. Mobility of the body

Each joint of the body has a range of motion (ROM) throughout which the joint normally operates.
The range of motion of each joint varies from person to person.
Table 3.11 reports the ranges of movement at the joints for air force personnel (able bodied

people). T h e

col umn

of joints for which the ROM is defined.

Table 3.11 - Joint movement ranges for males and females

i F iFigurer 3el® ana Feglire 3.1, whiah depicts the articoulation

Rangeof motion (degrees)
Males (1 Female(1
Notes @ D
Jointmovement(2) 5th percentile 95th percentile 5th percentile 95th percentile
1 Neck,rotation right 73.3 99.6 74.9 108.8
Neck,rotation left 74.3 99.1 72.2 109.0
2 Neck flexion 34.5 71.0 46.0 84.4
Neck,extension Nécki teralright Neck 65.4 103.0 64.9 103.0
: o oral e""ﬂ 9 ' 34.9 63.5 37.0 63.2
3 35.5 63.5 29.1 77.2
4
173.2 188.7 172.6 192.9
5 Shoulde, abduction 46.3 96.7 53.8 85.8
Shoulde, rotation lat Shoulde, rotation med 90.5 126.6 95.8 130.9
Shoulde, flexion Shoulde extension 164.4 210.9 152.0 217.0
6 39.6 83.3 33.7 87.9
7 Elbaw, flexion 140.5 159.0 144.9 165.9
8 Forearm pronation 78.2 116.1 82.3 118.9
Forearm supination 83.4 125.8 90.4 139.5
9 16.9 36.7 16.1 36.1
Wrist, radial 18.6 47.9 215 43.0
Wrist, ulnar Wrist, flexion Wrist, extension 615 94.8 68.3 98.1
10
40.1 78.0 42.3 74.7
1 Hip, flexion 116.5 148.0 118.5 145.0
12 Hip, abduction 26.8 53.5 27.2 55.9
13 Knee flexion 118.4 145.6 125.2 145.2
14 Ankle,plantar 36.1 79.6 44.2 91.1
Ankle,dorsilexion 8.1 19.9 6.9 17.4
Notes:
(1) Datawas taken 1979 and 1980 at NASAC by D. Wiliam Thornton and John JacksoiThe study was
made using 192 males (mean age 33) 22 females (mean age 30) astronaut candidaté2i(86&18B4).
(2) Limb range is average of right and left limb movement.
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Figure 3.13 - Joint movements - part 1
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Knea Flexion, Prons Dworsi Flaxion (B}

Figure 3.14 - Joint movements - part 2

3.3. Strength Data

The following tables report: grip strength, arm strength, hand-finger strength and upper arm torque
strength according NASA document [13]. Fig. 3.15 gives a visual description of arm and grip
strength parameters.

Additional data about grip strength can be found also in paper [397]. The paper provides data for
able-bodied people measured using different equipment: a Grippit electronic dynamometer
(Grippit; AB Detektor, Goteborg, Sweden) and a Jamar hydraulic dynamometer (Jamar; Smith and
Nephew, Memphis, TN). The two different measuring systems give different results (probably due
to slight different way of gripping). The paper provides data for males (254 subjects) and females,
(286 subjects) and for different age classes from 18 to 97 years, so that it may be also useful for
the characterization of elder people. Tables 3.16 and 3.17 reports grip strength for women and
men measured with the Grippit system. The Jamar dynamometer produced results that were on
average (mean difference) 22 N greater (Jamar - Grippit) and limits of agreement of ranged
between -86 to +129 N (mean, 2 SD, Fig. 3 paper [397]),.
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Table 3.12 - Grip strength for females [13]

Population Percentiles N (Ibf) .
5th 50th 95th PopulationSD
U.SNavypersonnel
o On’f;th o 258(58) 325(73) 387(87) 39.1(8.8)
U.S.Industrialworkers
breferredhand 254(57) 329(74) 405(91) 45.8(10.3)
Figure 3.157 Arm strength movements
Table 3.13 - Arm strength (5th percentile male data) [13]
Arm strength (N)
(1) 2 (3) 4 (5) (6) )
Degreeof elbow flexion Pull Push Up Down In Out
(rad) L R L R L R L R L R L R
222 231 187 222 40 62 58 76 58 89 36 62
5/6 187 249 133 187 67 80 80 89 67 89 36 67
2/3* 151 187 116 160 76 107 93 116 89 98 45 67
oy* 142 165 98 160 76 89 93 116 71 80 45 71
1/3* 116 107 96 151 67 89 80 89 76 89 53 76
Handand thumbcfinger strength (N)
(8) (9) (10)
Handgrip
L R Thumlxfingergrip (Palmer) Thumixfinger grip (tips)
Momentaryhold 250 260 60 60
Sustainechold 145 155 35 35
Arm strength (Ib)
) 2 3) 4 (5) (6) (7
Degreeof elbow flexion Pull Push Up Down In Out
(deg) L R L R R L R L R R
180 50 52 42 50 9 14 13 17 13 20 14
150 42 56 30 42 15 18 18 20 15 20 15
120 34 42 26 36 17 24 21 26 20 22 10 15
90 32 37 22 36 17 20 21 26 16 18 10 16
60 26 24 22 34 15 20 18 20 17 20 12 17
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Table 3.14 - Hand and thumb/finger strength (5th male data) [13]

Handand thumbcfinger strength (Ib)

(8) (9) (10)
Handgrip
L R Thumlxfinger grip (Palmer) Thumlxfinger grip (tips)
Momentaryhold 56 59 13 13
Sustainechold 33 35 8 8

L=Left; R=Right

* Elbowangleshownin radians

Table 3.157 Torque strength for the upper arm [13]

Mean (Nm) Standard Deviation (Nm)
Torque strength supination 13.73 3.41
Torque strength pronation 17.39 5.08

Table 3.16 1 Grippit Dynamometer [397]:

Hand-Grip Strength Ranges for Women

Age Range (y) Number Hand Peak (N) Average* (N) Final A (N
18124 24 R 163i 389 1217 326 86i 313
L 133i 362 89i 292 457 290
25134 35 R 1661 466 94i 417 79i 400
L 145i 386 437 425 371419
35144 42 R 1371 433 1007 368 1007 368
L 145i 459 761 309 991 329
457 54 33 R 1371 408 98i 325 73i 301
L 1417 366 437 298 437 298
551 64 26 R 148i 332 99i 288 79i 276
L 1267 332 79i 269 25i 269
65i 74 21 R 83i 298 56i 238 361 223
L 60i 282 417 218 271199
75+ 36 R 51i 253 28i 198 22i 182
L 39i 251 217 195 181180
*Average grip strength over the 10-second recording period.
AGrip strength r ecor-skeondremdrding geod.end of the 10

Table 3.17 1 Grippit Dynamometer [397]: Hand-Grip Strength Ranges for Men

Age Range (y) Number Hand Peak (N) Average* (N) Final A (N
18124 24 R 262-714 203-655 171-631
L 233-709 175-639 159-611
25i 34 35 R 369-733 184-672 190-670
L 264-688 375-535 163-610
35i 44 42 R 268-728 196-418 172-624
L 277-677 200-628 122-610
457 54 33 R 249-697 187-614 171-632
L 291-639 224-572 135-147
55i 64 26 R 189-574 135-492 139-489
L 192-584 135-511 108-600
65i 74 21 R 215-503 169-425 109-435
L 207-491 161-417 96-424
75+ 36 R 87-378 81-381 37-373
L 126-450 83-195 76-346
*Average grip strength over the 10-second recording period.
AGrip strength r ecor-skeondremdrding geod.end of the 10
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3.4. Dexterity/control data

Neuromuscular skills, i.e., the ability to control movement, have been traditionally described by a
number of clinical scales. For example,theUni f i ed Par ki nsonds Disease R:
the Fugl-Meyer Assessment scale for stroke. Clinical scales are useful to rate the degree of
disability, but are based on subjective judgment and do not provide useful quantitative indicators
for modelling purposes. In recent years (last 5 years) a number of quantitative indicators have
been proposed to objectively assess the degree of a disability, which may be (somewhat) useful
also for modelling the effects of disabilities in VERITAS.

These indicators are based on the observations of how a set of tasks is accomplished. Most tasks

are specific of each disease (and also each researcher proposed his own variation of test tasks).

We can roughly divide indicators into:

I Tasks related to the movement of upper limbs. These tasks typically involve point-to-point
aiming tests, or continuous tracking tests, or holding position against disturbance forces, or
executing dexterity tests (e.g., inserting pegs in a pegboard) or controlling force devices, etc..
From the observation of the execution of these tasks, indicators are derived which can be
classified as related to movement time (possibly broken down into initiation, execution, reaction
time), movement accuracy, force control accuracy etc.

1 Tasks related to gait. These tasks involve observation of gait (mostly straight course, but
some studies also address stairs, turning, freezing, etc.). From the observation of gait, a
number of parameters are derived, which are step and stride length, speed, gait asymmetry,
etc.

Since most of the test tasks are specific of each disease (e.g., the spiral test in Par ki nsonés
Disease) they will be described in each disease section, where also data for able-bodied people

are given for comparison.

In the following we introduce the Fittsé gest and gate parameters for able-bodied people, because

of their transversal value for many diseases.

341. Fittsodo | aw.

Fittsds |l aw is a model of human movements. 't dec

aiming specific spots. It was initially introduced for Human Computer Interaction studies, but it has

been proposed also for the assessment of several upper and lower limb motor disabilities. It is a

quite simple test, which combines movement time and accuracy in a unique indicator.

A justification of Fitts s | aw has been given in terms of iinfor
movement needs transmission of information. The channels that carry information in human beings

have a limited throughput, which limits the speed at which a target can be met.

Paper[14]gi ves a review of Fittds | aw: its theoretice
extensions and revisions, competing models, and applications.

There also exists an online live demonstration that is very effective to explain the law [15].

In brief, the classical form of Fitts s | aw i s the foll owing:

A
MT =a+b-lo (2—)
g2 W )
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It gives the time (MT) needed to move from a spot onto a target of width W and distance A. The
original law was deduced for movements in one dimension, but extensions to two dimensions have
been introduced later. The term log,(2A/W) is called the Index of Difficulty (ID) and combines the
size and distance of the target to be pointed:

ID = log, (2 %) )

Constants a and b depends on the type of pointing device. For hands a=13 ms and b=95 ms. the
inverse of b is a measure of pointing performance (IP):

ST

IP =
®3)

Fitts' law is an effective quantitative method of modelling user performance in rapid, aimed
movements, where one appendage (like a hand) starts at rest at a specific start position, and
moves to rest within a target area. Movement is sometimes decomposed in three phases: reaction
time, ballistic movement, and homing phase, which means the time needed to start the movement,
the quick approaching to the target and the final fine positioning onto the target (e.g., we will see
that elder people have different changes in each of these phases).

A Fitts test is quite easy to carry out. Although the law has been mainly used to assist in the design
of user interface, it has been indeed successfully used also to summarise the degradation of
performance for some diseases like post-Stroke motor disabilit vy |, P a r diseases eicn.0 s

According to the original Fittsé experiment (moving a stylus between two targets, i.e.,
paradi gmo) , t he
following Table.

A Fi
lalaowapppralix B) Hoe dable-bodidd people are reported in the

tts

Table 3.18 1 Fittso

par amet e fosabla-boaliedperson
cCAGdQa

LI NI} YS G SNE
b [ms]
94.7

a [ms]
12.8

The same paper cited above reports data for other devices (mouse, joystick, foot pedal, etc.). The
Table 3.19 lists the most important ones.

Table 3.19 - Fitts' law parameters for various pointing devices (able bodied people)

Device Study Intercept & Slopg b IP [bit/s] Error [%)] Comment
[ms] [ms/bit]

Eye tracker Ware and Mikaelian (1987) 680 73 13.7 - 8.5 Hardware button

Foot pedal Drury (1975) 187 85 11.8 0.97 <3.3 Experiment 2

Hand Fitts (1954) 12.8 94.7 10.6 0.98 1.8 Tapping, 10z stylus
Card, English and Burr

M 1 10.4 91

ouse (1978) 030 96 0 0.9 5

Eye tracker Ware and Mikaelian (1987) 790 97 10.3 22 Onscreen button

Eye Tracker Ware and Mikaelian (1987) 680 107 9.3 - 12 Dwell time

Helmet sight Jagacinski and Monk 1985 -268 199 5.0 0.99 0

Joystick Jagacinski and Monk 1985 -303 199 5.0 0.99 0 Isometric; position control
Card, English and B ) .

Joystick ard, =nglish and burr 990 220 4.5 0.94 12 Isometric; velocity control
(1978)
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Device Study IntTr:;pt a [?r::;)beit]b IP [bit/s] Error [%] Comment
Joystick Kantowitz and Elvers (198§ -328 297 34 0.62 25 Isometric, positionhigh gain
Joystick Kantowitz and Elvers (198§ -447 297 3.4 0.76 25 Isometric, position, low gair|
Trackball Epps (1986) 282 347 2.9 0.93 0

Mouse Epps (1986) 108 392 2.6 0.83 0

Touchpad Epps (1986) 181 434 2.3 0.74 0 Absolute positioning
Joystick Kantowitz and Elvers (198§ -846 449 2.2 0.84 25 Isometric, velocity, high gai
Joystick Kantowitz and Elvers (198§ -880 449 2.2 0.85 25 Isometric,velocity, low gair
Touchpad Epps (1986) -194 609 1.6 0.70 0 Relative positioning
Joystick Epps (1986) -587 861 1.2 0.81 0 Isometric; velocity control
Joystick Epps (1986) -560 919 11 0.86 0 Displacement; velocity contro
3.4.2. Gait metrics

Gait pattern is influenced by many types of disabilities and by aging. Able-bodied people also
exhibit good bilateral coordination and symmetrical gait [16], which degrades in many disorders.
Able-bodied subjects are indeed able to control each leg separately to a remarkable degree, while
this ability declines with diseases and is an important sign for gait disorder diagnosis.

The neuronal mechanisms responsible for limbs control are located in spinal loco-motor centres,
which consist of central pattern generators (CPGs), i.e., local neuronal circuits that generate
rhythmic stepping movements by alternating activity between groups of flexor and extensor
muscles of a limb [17].

Besides neural causes, there can also be orthopaedic causes affecting gait (e.qg., arthritis).

Gait Clinical Scale. Gait Abnormality Rating Scale (GARS) [18] is a videotape-based analysis of
16 aspects of human gait. It has been evaluated as a screening tool for gait evaluation and to
identify patients at risk for injury from falls [19].

Gait Parameters. The major indicators for gait are:

1 Step length. Step length is defined as the anterior displacement of the foot from foot strike to
contralateral foot strike. In both cases the same given point on foot is measured, usually is the
midpoint of the distance between the most posterior part of the calcaneus and the 1st or 5th
caput metatarsal. During normal walking speed (1.2 to 2.2 m/s) able-bodied people have a step
length of about 0.7 and 0.8m, respectively.

1 Step width. Step width is the lateral distance between the feet. It is measured as the distance,
perpendicular to the direction of progression, between a point on one foot (usually at its initial
contact) and the same point on the other foot at the subsequent contact. The width depends on
which point is chosen. The centre of the heel is often used, although again this may not be
appropriate for some pathological gait patterns. Other studies have used the centres of mass of
the feet, ankle joint centres or outside borders of the feet. Step width has a value of a few
centimetres for normal subjects, while for patients with balance problems, such as cerebellar
ataxia or athetoid form of cerebral palsy, it can increase to as much as 15 or 20 cm. Step width
variability may relate to fall risk [20]. Older individuals who tend to walk more slowly and have a
shorter stride/step length displayed a higher falls risk score [21].

9 Stride length. Stride length is the distance between two successive placements of the same
foot, consisting of two step-lengths. In other words it is the distance travelled by one person
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during one cycle. With normal subjects, the two step-lengths will be approximately equal, but
with certain patients there will be an asymmetry between the left and right sides.

Stride length is an important component of speed (speed = stride length / cycle time). Stride
length depends on strong leg muscles and a good range of motion in joints, especially those of
the hip and knee. The mix of joint mobility, muscle strength, neural control and energy leads to
a customary walking speed, stride length and step rate. Time and distance factors combined
with swing and stance times, cons|[R2] 6tudelengthfore per
normal persons averages 1.41 meters [22].

1 Gait Cycle time. The time between any two identical events in the walking or running cycle.
There are two main phases in gait: a) Stance phase, during which the foot is on the ground and
b) swing phase where the same foot is no longer in contact with the ground and the leg and the
leg is swinging in preparation for the next foot strike. Double stance is the phase when both
feet are on the ground. The transition from walking to running is marked by elimination of
double support.

1 Cadence (steps per minute). Cadence represents the number of steps in the unit time in
analogy with cycling where cadence represents the number of rotation per minute. It is related
to gait cycle time: in fact it is the inverse of half gait cycle time. Cadence, together with step
length, are the two means people use to regulate walking velocity. Able-bodied people have
cadence in the range 70-155 min™ while walking and 33-214 min™ while running.

1 Velocity. Velocity represents the displacement per unit time (m/s) and rigorously speaking it is
a vector quantity (actually the time derivative of position a point). The mean scalar velocity in
gait is the stride length divided by the cycle time. Able-bodied people walking speed range
walking speeds ranging from 4.51 km/h to 4.75 km/h for older individuals to 5.32 km/h to 5.43
km/h for younger individuals [23].

3.5. Other miscellaneous data

The following table reports additional data related to the range of motion, strength and dexterity
with a miscellaneous source.

Note that there may be some difference with data reported above, due to heterogeneity of
methods, environments, subjects, etc.

Table 3.20 1 Kinematic, dynamic and dexterity data from miscellaneous sources.
Parameters Value for able-bodied people

3 Upper limb abilities:

1. Hand Function Strength: Averages of grip strength (kgf), (standing elbow in extension, Dominant
o0 Strength (Power hand, min-max: 38-160 (kgf)
Grip/Power Grip Mean NS.D:86.06KN24.71
strenght) Pincer Grip strength (kgf), Dominant hand, min-max: 4.5-13.5 ( 7 . 8 2 NKf) [438])

(Study: 149 volunteers, age: 24-60 years, grip strength measured using a standard
Jamar dynamometer at standing position with shoulder adducted and neutrally rotated
and elbow in full extension).

2. Fingers (thumb, index | Reference posture: neutral position-t he ext ended finger equ
finger, middle finger, ring

finger and little finger) Flexion and extension ( f i r st car po me-t(( 288alirAppal j oi nt
2.1 Thumb Abduction: -0 80440 A)

o Flexion Adduction: ( (-3 @-&)A

o Extension Opposition
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o Grip IP (interphalangeal joint): Flexion: ~ 9HEXténsion: 0 A
0 Abduction Met acarpal phal angeal Extensiont 8lyoexténsion: 0-A0
0 Adduction Flexion /Extension ( pr oxi mal interphal angeal join
0 Oppqsmom Flexion and extension ( di st al interphal angeal joint
rotation of the . .
thumb 90A to O0A
3. Wrist Ref erence posture:neutral position. Han
o Flexion Flexion: QA®AA)
0 Extension Movement dorsally i extension: Q AHA A)
o Radial deviation Radial deviation: QR BAA)
0 Ulnar deviation Ulnar deviation: QA8 @ A A)
4. Forearm Rotation -starting position of elbow: 90A against the body
vertical.
Internal rotation ( pr onati o@QA) OA (80A
External rotation ( supi nati ®®)A) O0OA (80A
5. Elbow Ref erence posture: neutral position. Fu
Flexion: 0 A -1(510346)A
Extension: 0 A
Hyperextension: 1 0 A
6. Shoulder The shoulder joint, the scapulaflexed in a neutral position, the extended armhangs at a

position of O0A)
Forward flexion: -Q78-9 0 A)
Full flexion: 6 A1 5D7A0 A)
Backwards extension: G A0. A

Abduction: G(A 8900AA) / Maxi mun el ev a80@dductiora 1® ¢ u2cOt

40A)
Horizontal flexion (ar m i n 90 A-AdBdUAd tHioa i )z:0 nG(40 5 0eAx)
Internal rotation: -QAO0A, 90A)/ Ext 468RA) r 0t Aei am:
snugly in to the side of the body)
Internal rotation: -DAA/ External-70fAdot @uppar &rm
abduction).
3 Lower limb abilities:
1. Hip Reference posture:neutral position, full extensi
o Full flexion
0 Hyperextension Full flexion: 0 A -1(4103Ag)derxtension: 1 0 A
0 Abduction Abduction: 0 A( 3G A) ,
3 ﬁ?(ejruncatll?gtation Adduction: 0 2 0_33,‘0 A _
o External rotation Internal rotation: 0 Ag 450 A) ;
External rotation: 0 A -4 BAM)A (position: extension).
Internal rotation: 0 A 5(/Bx@rAal rotation: O0AS5Q0APA(positio
2. Knee Reference posture: neutral position, knee extended
o Flexion
o Extension Flexion:0 A (1 2 0 A [Exténsioni 5 Blyprextension: -5 @RA
0 Hyperextension Internal-External rotation: 2 0 A,
o0 Internal rotation
o External rotation
3. Ankle Ref erence posture: Foot in a right angl
o Plantarflexion
o Dorsiflexion or Plantarflexion: 0 A50AD A
extension Dorsiflexion or extension: 0 A3 Q0 Ap A
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4. Toe joints
Sub-talar joint
0 Inversion
(supination)
o Eversion

Reference posture: neutral position

Sub-talar joint.

Inversion ( supi nat3iocchn) : O0A

o Forward bending,
(flexion)

o Backwards bending
(extension)

o Lateral rotation

: Eversion( pronati o5A) OA (30A
(pronation)
. Metatarso-phalangeal joints
Metatarso-phalangeal joints Extension: 0 A4 0 A A
o  Extensiom Flexion: 0A-40ADA
0 Flexion
5. Movements of the head | Ref erence posture: neutral position: wup
and the neck
o Flexion Flexion: 0 A -4 BA)A,
0 Extension Extension: 0 A45 A5 A
o Lateral bendingto || ateral Bending to the right: - RA
o T_haeterrlglhlt)ending o Lateral Bending to the left: -@,'5 A )
the left Rotation Right: O0OA (60A to 80A), Rotation | eft
6. Movements of the spinal | Lateral bending:  2300MA
column
o Lateral bending Forward bending, flexion: -® B\ Backwards bending( ext ens3 @A) : 0

Lateral rotation: -® A

3 Gait:

1. Step length

During normal walking speed (1.2 and 2.2 m/s) healthy populations have a step length
of about 0.7 and 0.8m, respectively.

2. Stride width
base)

(walking

5-10cm

3. Stride length

Males:158cm, Females:132

With normal subjects, the two step lengths will be approximately equal, but with certain
patients there will be an asymmetry between the left and right sides. Similar to step
length it is measured either in (m) or (cm).

4. Cadence

70 steps/min at the lowest speed and 155 steps/min at the highest speed.

For males:117 (60-132), for females:117 (60-132).

5. Velocity (centimeters per
second)

Normal free gait velocity on a smooth level surface averages 82 meters per minute
(m/min) for adults.
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4. Literature review about disabled people

This section reports the abstract user models for the disabilities that have been previously defined
in the prioritization section (section 2). For each disability we provide a brief description, a list of
metrics (and when useful the relevant clinical scales, protocols, etc.) and data that can be found in
the literature for people with that disability in comparison with able-bodied persons. The papers
from which data have been obtained are mentioned.

4.1. Literature review about motor impairments

This paragraph concerns motor impairments. According to Al.3.1 (the VERITAS survey of
modelling techniques), each pathology reported below is studied considering the possible
simulation models, in the sense that we searched parameters for functional limitation as close as
possible to the modelling tools that will be likely used.

4.1.1. Rheumatoid arthritis

Rheumatoid arthritis is a highly inflammatory polyarthritis, often leading to joint destruction,
deformity and loss of function.

In general, patients develop seropositive rheumatoid factor within one year of developing
symptoms. Overall, patients who are seropositive have a more severe disease course with more
joint deformities, x-ray damage, disability and inflammation outside of the joints. However, there
are many exceptions to these rules.

Neck. Now we consider the neck affected by rheumatoid arthritis. Figure 4.1 depicts the typical
movements of the neck, which are the rotation, flexion/extension and lateral bend (lateral flexion)
movements.

Meck FRotation Neck Extension [Al
Right (A) Left (B) Flexion (B}

Neck Lateral Bend
Right (A) Left (B}

Figure 4.1 - Neck movements description

Data about muscle strength and mobility of the cervical spine in rheumatoid arthritis (RA) patients
are reported below, according to reference [24]. The population, from which the data have been
extracted, has the characteristics reported in the Table 4.1.

Table 4.1 - Descriptive statistics for a group of 94 people with cervical RA

Value

Number of women [%)] 75
Age [years] 60 (11)
Duration of disease [years] 16 (11)

Data are expressed as mean (1SD)
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The mobility of Cervical Spine, for men and women, is reported in Table 4.2.

Table 4.2 - Mobility of cervical spine in a group of 94 people with RA

Women Men
Mean Standard deviation Mean Standard deviation
[deg] [deg] [deg] [deg]
Extension 64 16 69 14
Flexion 46 10 46 6
Rotation 132 22 137 20
Lateral flexion 66 15 70 15

The data about isometric neck muscle strength (it is a static test, where there is no movement at
the joint) are reported in Table 4.3. The strength (in N) refers to the cervical strength of flexor,
extensor and rotator muscles (see paper for details of test procedure).

Table 4.3 - Isometric neck muscle strength in a group of 94 people with RA

Women Men
Mean Standard deviation Mean Standard deviation
Extension [N] 122 43 221 73
Flexion [N] 60 24 125 37
Rotation [Nm] 4.4 2.1 10.7 4.5

Hand. T h e

Afwor ki

ng

s p A&, dhe differencenbetwderatnedrdlume enclosed by the

hand in extension and the volume enclosed by the hand in flexion), reflects the space available
within the rheumatoid hand, and incorporates the effect of deformity and stiffness present in the
whole hand. The reference [25] reports a study on the working space of the hands of a rheumatic
population. The circles which best fits the hand model for the radial and ulnar digit in full extension
and full flexion are first assessed (see Figure 4.2)

Figure 4.21 Examples of hand in extension (a and b) and in flexion (c and d)
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The working space of the hand is then computed using the above circles and the palm width,
according to Figure 4.3, which depicts the approximated shape of the hand workspace. Table 4.4
reports a statistic description of the considered group of patients. Data about hand working space
(for hand deformity groups) are reported in Table 4.5. for different types of deformities.

Figure 4.3 - Volume (cone segment) representing the hand workspace

Table 4.4 - Descriptive statistics for a group of 54 people with hand RA

Deformity Sex Age Hand disease duration
Male Female [years] [years]
None 4 15 61.7 (2.9) 14.2 (2.7)
Boutonni _ 0 11 64.2 (2.6) 6.8 (1.7)
Ulnar deviation 1 4 67.6 (1.7) 11.4 (1.9)
Swan neck 0 8 56.1 (3.5) 12.8 (3.7)
Combined 1 10 61.5(3.3) 19.2 (2.7)
Total 54 61.9 (1.4) 13.2 (1.4)

Data are expressed as mean (1SD)

Table 4.5 - Hand working space for deformity groups in hand RA patients

Deformity Number of patients Work[lgr?];pace
None 19 4920 (111.0)
Boutonni re 11 3842 (292.2)
Ulnar deviation 5 3861 (324.5)
Swan neck 8 3270 (499.3)
Combined 11 1154 (333.8)
Total 54 3602 (154.7)

Data are expressed as mean (1SD)

The reference [26] reports some functional data for hands characterized by the destruction and
dislocation of the metacarpophalangeal (MCP) joints (that is quite common in subjects affected by
rheumatoid arthritis). These are reported in Table 4.6.
The Jebseni Taylor test mentioned there, simulates activities of daily living and consists of 7
components:
Writing a short sentence;
Turning over 3- by 5-inches cards;
Picking up small objects and placing them in a container;
Stacking checkers;
Simulated eating;
Moving large empty cans;
7. Moving large weighting cans.
For each component, the time required in seconds to complete the task is recorded.

ook wNE
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Table 4.6 - Functional scores in 16 patients with destruction of the MCP joint

Parameter Mean Standard deviation
Grip strength [Kg] 59 4.6
Key (lateral) pinch [Kg] 55 3.4
2-point (tip) pinch [Kg] 3.3 2.8
Three jaw (palmar) pinch [Kg] 3.8 3.2
Jebsen-Taylor [s] 44.8 13.8

Paper [27], reports some functional indicators for a group of 50 patients with hand rheumatoid

arthritis.
Table 4.7 1 Grip and Pinch strength in 50 patients with hand RA

Parameter Mean Standard deviation
Grip strength [N] 103.80 69.41
Pinch strength [N] 32.80 22.17

Knee. Paper [28] reports data about the range of motion, peak torque, peak torque angle, power,

tot al wor k, peak torque acceleration ti me, set t
and endurance of the k nee f or a fcoand a group o subjects ith Ch®umatoid

arthritis RA. The ranges of motion are reported in Table 4.8.

Table 4.8 - Values of knee range of motion in a group of 50 people with RA

Movement Right side Left side
Control group Rheumatoid arthritis Control group Rheumatoid arthritis
Flexion [deg] 130 (0) 126.8 [120-130] (4.6) 130 (0) 127 [120-130] (4.4)
Extension [deg] 0 (0) 1.3 [0to -10] (2.9) 0 (0) 1.1[0to -10] (2.7)

Data are expressed as mean [maximum and minimum] (1SD)

In the isokinetic test, the same subj ect s perfor med yve repeated
extension) at the two prescribed velocities and 30 repetitions at a third angular velocity, and the
parameters evaluated in all 3 velocity cases were: peak torque, peak torque angle, power, total

wor k, peak torque acceleration time, expti osobab) w
endurance. The parameters have the meaning explained below:

9 Peak torque: it is the highest torque value seen from all points in the range of motion
(ROM), expressed in [Nm];

9 Total work: it represents the action of a torque during all its amplitude; it may be computed
as the area under the torque curve, and physically it can be seen as the energy developed
by the muscle, expressed in Joules [J];

1 Power: it stands for the pattern of realized work, and can be expressed in watts [W]; it can
be seen as the total work divided by the actual contraction time;

1 Endurance: it is the capacity of a muscle to produce force over a series of consecutive
isokinetic contractions. The endurance of a contraction is expressed as a percentage of the
precedent contraction;

1 Peak torque angle: it is the point where the highest torque was achieved, expressed in
grades;

I Set total work: it is the sum of the work obtained after each series of contractions,
expressed in joules [J];
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1 Acceleration energy of the torque: it is the explosion, and it represents the work
performed in the yrst 1/ 8 second of t he musc
explosiveness, and is expressed in joules [J].

Moreover a distinction between flexors and extensors movements has been made. Table 4.9
reports the numeric data for the parameters just explained.

Table 4.9 - Values of knee isokinetic parameters in a group of 50 people with RA

Movement Flexors Extensors
Angular velocity 60 180 300 60 180 300
[deg/s]
Side Right Left Right Left Right Left Right Left Right Left Right Left
Peak Torque 42 39 30 30 18 17 81 80 49 50 33 35
[Nm] 12) 12) (11) (11) (12) (11) (25) (23) (16) a7 (14) (14)
Peak Torque 39 41 36 38 a7 45 59 58 (9) 56 54 53 52
Angle [deg] (14) a7 (15) a7 17) (13) (10) 12) (10) 13) (12)

Peak Torque 010 | 010 | 009 | 009 | 015 | 016 | 006 | 006 | 008 | 008 | 011 | 011
Acc. Time[s] | (0.06) | (0.07) | (0.05) | (0.04) | (0.08) | (0.08) | (0.04) | (0.03) | (0.04) | (0.04) | (0.05) | (0.05)

Power 52 48 34 27 48 50 84 90 69 76
W] 2900 1270 | g | 0 | 6o | @5 | @5 | @5 | @0 | @) | @) | o)

Total Work 49 44 32 29 13 10 (9) 84 84 53 55 28 30
[9] ) | a5 | a9 | a2 | @2 @) | @ | a9 | a9 | a5 | @4

Set total work 214 192 138 124 355 247 374 377 231 241 637 692
9] @) | 70 | 67 | G5 | 234 | i) | @27n | @) | @) | ©7) | (300) | (248)
Explosion 2.2 2.1 8.3 8.0 8.2 7.2 3.4 3.7 12.1 12.7 15.3 16.5
] @) | ay | B2 | @y | 65 | Gy | @5 | @n | @4 | @5 | 63 | 65)

Endurance 132 139 89 88
[%] ) ) ) ) (76) (95) ) i ) i (29) (24)

Data are expressed as mean (1SD)

Gait. According to [29], the kinematic parameters for the range of motion of the knee during gait
assume the value reported in the Table 4.10.

Table 4.10 - Kinematic parameters of knee joint in rheumatoid arthritis

Parameter Unit Mean Value Standard deviation value
Knee maximum extension (flexion angle) deg 21 13
Knee maximum flexion deg 36 13
Knee range deg 15 14
Knee flexion rate deg/sec 82 79
Knee extension rate deg/sec 83 88

Paper [30] reports data about gait parameters of a group of 22 patients with feet rheumatoid
arthritis (RA). The group has the descriptive statistics reported in Table 4.11, The gait parameters
are reported in Table 4.12.

Table 4.11 - Descriptive statistics for a group of 22 people with feet RA

Value
Number of subjects 22 (29 feet)
Age [years] 54 (range 17-76)
Sex 2 men and 20 women
Affected side 11 right and 18 left
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Table 4.12 - Gait parameters for a group of 22 people with feet RA

Parameter Unit Mean Value Standard Deviation Value
Stride length m 0.96 0.17
Cadence Steps/min 104.8 8.8
Stance duration mm 65.7 25
Walking speed m/s 0.89 0.25
41.2. Gout

Gout is a common form of inflammatory arthritis, and its prevalence among older patients is
especially rising [31]. Acute gout is a common cause of arthritis [32]. The joints that are commonly
involved are:

1 Metatarsal joint;

1 The base of the big toe;

1 Knee joint;

1 Wrist joint;

91 Joints of the fingers.
Paper [33] reports a set of values for spatiotemporal parameters of the gait. Table 4.13
summarizes those parameters.

Table 4.13 1 Spatiotemporal parameters of gait in subjects affected by Gout

. Left side Right side

Parameter Unit : 0
Control Group Gout patients Control Group Gout patients

Step length [m] 0.66 (0.1) 0.57 (0.1) 0.66 (0.1) 0.57 (0.1)
Stride length [m] 1.32(0.2) 1.14 (0.2) 1.32(0.2) 1.13(0.3)
Single leg support [s] 0.42 (0.1) 0.41 (0.1) 0.42 (0.1) 0.57 (0.8)
Double leg support [s] 0.19 (0.2) 0.19 (0.1) 0.16 (0.1) 0.20 (0.2)
Stance phase [s] 0.75 (0.1) 0.99 (0.8) 0.75(0.1) 1.1(1.2)
Swing phase [s] 0.41 (0.1) 0.48 (0.3) 0.41 (0.1) 0.41 (0.1)
Velocity [m/s] 0.90 (0.3) 1.10 (0.3) - -
Cadence [steps/min] 113.6 (36.9) 93.7 (16.9) -

Values are expressed as Mean (Standard Deviation)

4.1.3. Kyphosis and lordosis

Kyphosis, also called hunchback, is a common condition of a curvature of the upper spine. It can
be either the result of degenerative diseases (such as arthritis), developmental
problems, osteoporosis with compression fractures of the vertebrae, and/or trauma.

Lordosis is a medical term used to describe an inward curvature of a portion of the vertebral
column. Lordosis may also increase at puberty sometimes not becoming evident until the early or
mid-20s. Imbalances in muscle strength and length are also a cause, such as weak hamstrings, or
tight hip flexors. Figure 4.4 shows the difference between a normal spine and a spine with
excessive kyphosis and lordosis curvature.
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excessive

kyphosis

excessive

lordosis

Figure 4.4 - Normal spine and spine with excessive kyphosis and lordosis

KYPHOSIS
There are several kinds of Kyphosis. Paper [34] reports data about the thoracic Kyphosis curvature

for old population (summarized in Table 4.14), while the Figure 4.4 depicts the thoracic Kyphosis
angle.

Figure 4.5 - Tx kyphosis angle

Table 4.14 - Descriptive statistics for a group of 15 people

Value
Height [cm] 160.6 (1.5)
Weight [Kg] 68.6 (2.8)
Age [years] 67.2 (2.5)
Tx Kyphosis [deg] 58.8 (3.2)

Data are expressed as mean (1SD)

As for what concerns gait parameters we refer to [35], which takes into account the effect of sagittal
trunk posture on the gait of able-body subjects. Understanding the effect of trunk posture on gait is
of interest since alterations in trunk posture often occur with age or in the presence of spinal
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