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Introduction

Three-dimensional instrumented gait analysis (3D-GA) pro-
vides comprehensive data on normal and pathological gait, which
are useful in clinical practice and scientific purposes because they
provide objective information about joint motions (kinematics),
time-distance variables (spatio-temporal data), and joint moments
and powers (kinetics). It has been widely demonstrated that 3D-GA
is an important method that is used to obtain crucial information
for the determination of the level of functional limitation due to
pathology and for its follow up evaluation over time. Furthermore,
it can help to evaluate the rehabilitative intervention aimed at
reducing the functional limitation due to pathology. However, a
typical 3D-GA evaluation produces a vast amount of data, and
despite its objectivity, makes it an instrument that is sometimes
complicated to use and difficult to interpret. Specifically, compara-
tive overviews are difficult. There is currently a debate regarding
how to best use these data; for example, there is a perspective that
the volume of information produced by 3D-GA could be an obstacle
for its clinical use. Given the importance of 3D-GA in the
management of many populations with movement disorders and
because clinical decisions are generally also based on an
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interpretation of the complex information contained in these
data, considerable attention should be directed towards GA data.

Within the last decade, there has been a growing clinical
awareness of the need for a concise index, specifically, a single
measure of the ‘quality’ of a particular gait pattern. Several gait
summary measures, when used in conjunction with 3D-GA, have
been proposed and used to objectify clinical impression, quantify
the degree of gait deviation from normal, stratify the severity of
pathology, document changes in gait over time and evaluate
interventions.

The aim of this review is to summarise the studies on the most
important and widespread summary parameters proposed by the
literature, focusing on studies proposed for clinical applications
and discussing the advantages and limits of these parameters.

Methods

To provide a comprehensive overview on gait summary
measures, an electronic literature search was performed within
the MEDLINE, CINAHL, EMBASE and Journal Citation Reports
databases for articles published in english until December 2012
using the following keywords: locomotion, gait analysis, gait
summary measures and biomechanics.

Results

From our research, only studies concerning gait summary
measures were considered. The first attempt to define a summary
measure was performed in 1979 by Tibarewala and Ganguli [1].
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In healthy adult males, a number of gait curves defined as ‘‘normal’’
gait curves were selected, and a ‘‘gait abnormality index’’ was
developed to be used as a quantitative measure of human
performance in locomotion, which would be suitable for applica-
tion in pathological states. Some years later, a computer algorithm
was developed to determine the group of electromyographic
profiles for the soleus muscle during free speed-level walking in
healthy individuals [2]. Next, Kerrigan et al. proposed two indices
based on the pattern of the trunk during gait: the vertical
displacement of the sacrum during walking [3], which was
proposed as an estimation of the overall biomechanical perfor-
mance of walking, and the biomechanical efficiency quotient
(BEQ), which was computed from the average stride length,
vertical displacement of the trunk during walking and sacral height
during standing [4].

However, after these attempts, which remained isolated, most
studies concerning summary measures for 3D-GA and their
application in pathological states began in 2000 with the normalcy
index [5]. For this reason, we begin our in-depth analysis from
Schutte’s study. Specifically, for each parameter, beginning from
Schutte’s study to the most recent study, a brief description is given
of the data reduction technique used for the computation, the
potential weaknesses/strengths and the main clinical/scientific
experiences.

Normalcy index (NI) or gillette gait index (GGI)

The first index that enabled the characterisation of a patient’s
gait in a global sense with a widespread clinical acceptance is the
normalcy index (NI) or gillette gait index (GGI) [5]. It uses
multivariate statistical methods to quantify the extent by which a
patient’s gait deviates from that of an unimpaired control group.
The NI is computed using standard multivariate statistical
techniques (principal component analysis) applied to 16 3D-GA
variables and. in particular, three temporal-spatial parameters
(percentage of stance phase, normalised velocity and cadence) and
13 kinematic parameters (mean pelvic tilt, range of pelvic tilt,
mean pelvic rotation, minimum hip flexion, range of hip flexion,
peak abduction in swing, mean hip rotation in stance, knee flexion
at initial contact, time of peak knee flexion, range of knee flexion,
peak of dorsiflexion in stance, peak of dorsiflexion in swing and
mean foot progression angle). The sum of the square of these 16
independent variables is interpreted as the deviation of the
subject’s gait from normal. Using this statistical method, it is
possible to measure and represent as a single number the deviation
of a pathological gait pattern from a normal average profile. Thus,
the NI indicates the amount by which a subject’s gait deviates from
an average normal profile.

The NI appears to be the most extensively validated and
commonly cited parameter and is widely used in clinical gait
research and practice [6,7]. In particular, its use has been widely
validated in cerebral palsy (CP) and idiopathic toe walker
populations [5,8]. It has been shown to be effective when used
to evaluate the range of pathology present in specific diagnoses, to
compare a subject’s gait to that of others with the same diagnosis,
to track a subject’s gait pathology over time, or to examine the
effectiveness of an intervention.

Use of the NI to quantify the effects of specific treatments in
children with CP has provided evidence that this index represents a
valid instrument to quantify the effects of treatments that have a
global effect on gait pattern, similar to multilevel orthopaedic
surgery [9] and selective dorsal rhizotomy [8]. However, the NI did
not exhibit the appropriate specificity and sensitivity when
evaluating the effects of targeted interventions, such as AFO [10].

Moreover, the use of the NI in other pathological states, such as
in children and adolescents with tumours in the central nervous
system (CNS) [11], adults with a diagnosis of central nervous
system pathology [12] and adult lower limb amputees [13], have
shown that NI could also be used in these pathologies despite some
limitations mainly due to the parameter choice [12].

Regarding concerns of the NI limits, a number of limitations
have also been observed, and there has been a significant debate
about the validity of this method [14]. First, these limitations
include the arbitrary, unbalanced, and incomplete nature of the 16
univariate parameters that comprise the index. Their selection was
driven largely according to the gait experience in CP but partly by
convenience. The presented 16 variables are the ‘best effort’ of the
authors. However, one can conclude that other ‘better’ sets of
variables may be found. Second, the selected parameters included
only kinematic variables; it is well known that the inclusion of
kinetic variables is useful for a complete gait pattern assessment
and in planning intervention. Third, only the characteristic points
of the curves are included. These all make up a strong limitation.

According to the computation method, the NI requires an able-
bodied gait dataset to establish the means and variance values of
the control in each of the variables, and it was found to be strongly
sensitive to lab-specific control data. McMulkin and MacWilliams
[15] reported a high variability in the values of the NI when
different normal populations from different labs were used, when
applied to both normal adult individuals and to some patients with
CP. They assessed the variation in the calculated NI values with
different sets of control data. Differences in the underlying control
data generated large differences in the computed NI values for both
the pathological and able-bodied subjects. While the NI was shown
to be reliable within a single control dataset, it is unknown to what
extent its values may differ when using different underlying
control sets. Another challenge connected to the NI is the question
of whether there is a minimum sample size required in the set of
control subjects in order to have a reliable NI tool. If all 16 principle
components were used, a minimum of 40 controls were required to
achieve an error of less than approximately 20%, and 96 controls
were needed for an error less than 10%. Alternatively, using only
those principal components that represent 95% of the variance may
provide NI values that are more accurate with smaller control sets.
However, caution must be taken when using the NI, as even with
greater than 40 controls, the differences in the NI score for an
individual CP subject may be as high as 150 based solely on the
control set.

Hip flexor index (HFI)

Starting from the strong limitation of the NI, which is the
inclusion of only the kinematic variables, a new index was
developed considering the principal component analysis applied to
five kinematic and kinetic variables: maximum pelvic tilt, pelvic
tilt range, maximum hip extension in stance, percentage of stance
phase in which the final crossover of the hip flexor moment curve
from extension to flexion occurs—‘timing of crossover’—and peak
late stance hip flexor power. A single index number was derived,
which accurately describes the overall hip function during gait
[16]. Importantly, this does not belong to the same category of GGI
(and of the next summary measures) due to its clear focus on a
single joint/anatomic level.

The HFI is a valid tool that is used to objectify clinical
impressions of a change in hip function and might thereby assist
researchers with statistical and outcome analyses of interdepen-
dent and redundant gait variables. The HFI measure of post-
operative change in hip function corresponded well with the
subjective clinical outcome 75% of the time. However, importantly,
the main limit of this index is that it is too joint-specific; a change
in hip flexor function toward ‘normal’ may or may not signify a
global improvement in the patient’s gait. No correlation was made



between the change in score on the HFI and the change in function
of the patient. According to these considerations, it is possible to
affirm that the HFI can provide clinicians with a simple, reliable,
objective and quantitative tool, but it is only suitable for evaluating
an intervention at the hip. It has also been applied to assess the
effects of specific surgical treatments at the pelvis and the hip joint
[17]; no other applications were possible due to the nature of this
parameter.

Gait deviation index (GDI)

This recently developed measure is thought to be representative
of the overall gait pathology. It is based on the extraction of 15 gait
features using the singular value decomposition from the 3D-GA
kinematics of the pelvis and hip in three planes, of the knee and ankle
on the sagittal plane and of foot progression [14]. It has been verified
that 15 features provide a sufficiently accurate approximation to the
original gait vector. Applied to a control group, these ‘‘gait features’’
define an averaged, non-pathological gait. The absolute distance
between a subject exhibiting gait pathology and the control group is
then calculated, providing a measure from which the extent of gait
pathology can be determined [14,18]. A GDI of 100 or higher
indicates the absence of gait pathology; 10 points below 100
corresponds to one standard deviation away from the healthy group
mean. For example, GDI = 75 indicates that the gait of the subject is
2.5 times the standard deviation away from the control mean.

The GDI was moderately correlated with the NI (r2 = 0.56),
suggesting that these two parameters are both measures of the
same underlying construct, although a large spread at any given
level indicates that they measure different aspects of the gait
pathology [14].

The face and construct validity of the GDI were investigated both
in healthy children and in children with CP [14,19], as well as in
adults with spastic CP [20]. The GDI in adults demonstrated similar
results in distributional properties as those reported in studies on
healthy children and ambulant children with CP [14]. With respect
to the NI, there is more experience for the GDI application in other
pathologies, such as Batten disease [21], muscular dystrophy [22],
lower limb amputees [13] and Parkinson’s disease [23]. Although
Galli et al. [21] and Thomas et al. [22] did not introduce any
considerations regarding GDI, the last two studies found some
limitations in this parameter. Kark et al. [13] used the GDI in lower
limb amputees, demonstrating that the GDI fails to identify
significant differences between the levels of the functional
limitation of the intact side. It is also plausible that compensatory
strategies of the intact limb in transfemoral and transtibial
amputees resulted in similar magnitudes of the overall kinematic
deviation, as measured using GDI; in addition, it is possible that a
limited sample size prevented this finding from reaching signifi-
cance. Galli et al. [23] used the GDI for the characterisation of gait in
patients with Parkinson’s disease, to search for correlations with
clinical assessments (unified Parkinson’s disease rating scale
(UPDRS)), and to evaluate the outcomes of the treatment (levodopa
treatment). In the absence of levodopa, GDI was not sufficiently
sensitive to measure gait severity in the patients; the reason for this
result is twofold. First, although the UPDRS score takes into account
the use of walking devices, the GDI is a measure of walking without
considering the presence or absence of assistive devices; for this
reason, the degree of impairment obtained using these two
measures was not similar. Another reason may be associated with
the subjective nature of the UPDRS, which might influence the
accuracy and precision of the evaluations compared with the
quantitative and objective nature of the GDI. However, the GDI has
been shown to be a feasible tool to quantify the outcomes of
levodopa treatment, even if the gait changes evidenced by the GDI
are milder than those evidenced by the clinical evaluations.
Importantly, in comparison to the NI, the GDI has several
advantages. The entire variability in kinematic variables across the
gait cycle is used rather than a small number of discrete parameters,
thereby removing much of the subjectivity in the choice of the
parameters. Selection of the parameters for the NI was also specific
for children with CP, whereas the GDI appeared to be a more general
measure of gait pathology. It was shown that the NI requires a
reasonably large number of people in the reference dataset and that
values can vary significantly between different reference datasets
[15]. In contrast, values of the GDI appeared much less sensitive to
differences in the reference data. The GDI proceeds naturally from
the analysis of gait features, which provides considerable data
compression and a framework for other analytical techniques, such
as cluster analysis for gait classification [24].

Gait profile score (GPS) and movement analysis profile (MAP)

Similar to the GDI, GPS is a single index outcome measure that
summarises the overall quality of the patient’s kinematics. It
represents a simpler interpretation of the distance measures
underlying the GDI, which results in a modified measure that can
be calculated independently of the feature analysis. In addition to a
global measure of the overall gait quality, it can be deconstructed
to provide the gait variable score (GVS) (an index that measures
single gait variable deviation) for nine key relevant kinematic
variables (the pelvis and hip in three planes, the knee and ankle on
the sagittal plane and the foot progression) [18]. The GPS is
generally presented with the nine GVS in a bar chart, thus
generating a movement analysis profile (MAP). The MAP describes
the magnitude of deviation of the nine individual variables
averaged over the gait cycle, thus providing insight into which
variables contribute to the increase in GPS. In contrast to the GDI,
which uses the first 15 gait features, the GPS uses all the gait
features representing the root mean square difference between the
patient’s data and the average from the reference dataset obtained
from all of the relevant kinematic variables for the entire gait cycle.

The GPS was validated against established index measures of
gait abnormality and general measures of mobility in children with
CP [18]. The authors [18] proposed a rationale for defining a
minimal clinically important difference (MCID) for the gait profile
score (GPS), which was found to be 1.68, based on an analysis of the
differences in the median GPS for children classified at different
levels of the functional assessment questionnaire. A strong linear
correlation between the median GPS score and the FAQ level was
found. The authors remarked that the MCID for the GPS, which
reflects the overall quality, might not be sensitive to focal
interventions, such as the botulinum toxin, which might have
important local effects [25]. However, currently, no experience
with the application of GPS to assess the effects of botulinum toxin
is present in the literature.

In addition, strong, significant, and positive correlations were
found between the GPS and MAP component scores, and the
clinicians’ ratings of kinematic gait deviation [26], thus providing
evidence that these indices have criterion-related validity relative
to clinician judgments. The authors proposed that the GPS,
particularly its MAP decomposition, might be useful in clinical
practice and education as an adjunct to the traditional presentation
of complex kinematic data. Acknowledging that kinematic judg-
ments are only a component of the clinical decision-making
associated with gait pathology, they proposed that clinicians could
use the MAP as an adjunct to traditional gait kinematic presenta-
tion. It may also be useful as a measure of both the group and
individual outcomes following an intervention or over time. Thus,
the fact that the GPS can readily provide MAP GVS components is a
potential advantage of the GPS over other single index measures
[26].



The GPS has strong face validity because it is based on the RMS
difference between gait data for an individual child and the
average data from children with no gait pathology. Analysis of the
intra-session variability suggests that it is also a reliable measure,
and the moderate correlation with NI and a strong correlation
between the GPS and the GDI are based on essentially similar
measures of difference.

Because the GPS has only recently been developed, there are
only a few reports of its use on patients. Thomason et al. [9] and
Rutz et al. [27] assessed the outcomes from orthopaedic surgery for
children with CP using GPS and MAP. Kark et al. [13] assessed the
suitability of GPS and of other gait summary measures (NI and GDI)
for use with lower limb amputees. The GPS, similar to the NI,
detected significant differences between the levels of amputation
on the intact side, while the GDI did not. The differences of the
results between GDI and GPS could be a result of the calculation
methods. The GDI is calculated against a matrix of able-bodied
data, whereas the GPS is calculated against a single column of able-
bodied data. This method of calculation may have afforded the GDI
a greater variability and may have been responsible for its failure to
detect significant differences between the levels of amputation on
the intact side. In addition, the MAP was shown to be useful for the
elucidation of the underlying causes of gait pathology, which could
not be achieved via the other overall gait summary measures [13].
Another element that might justify these different results was
obtained using the GPS and GDI and may be due to the GPS being
defined as a raw score, whereas the GDI is transformed and scaled.

With respect to the other summary measures, the GPS has some
merits. Previous indices derived from the conventional gait model
imposed a considerable barrier to the extension of similar
techniques to data derived from different gait models or different
activities (running, stair climbing, etc); in contrast, the GPS is
independent of the feature analysis and can be calculated directly
from the data of an individual and the averaged data of people with
no gait pathology. Another potential advantage of the GPS is the
deconstruction, which is referred to as the MAP. The MAP provides
useful insights into which variables contribute to the elevated GPS.
The lack of strong correlations of individual GVSs with the GPS and
with each other suggests that there is considerably more
information contained within the MAP compared to the GPS alone.

One of the limits of the GPS is that, similar to the GDI, no spatio-
temporal parameters and kinetics were included in its computation.
For the spatio-temporal parameters, it is important to stress that
because the gait speed is not correlated with the GPS [18], it is
recommended that self-selected walking speed should be reported
in addition to the GPS for clinical studies. However, the first attempt
to compute the GVS for kinetics was performed by some authors for
the ankle dorsi-plantar flexion moment and ankle power [28].

GDI-kinetic

With the exception of HFI, which has the main limitation of
being strongly dependent on the pathology, i.e., cerebral palsy, and
being focused on a single joint, i.e., the hip, we observed that no
global indices presented in the previous sections contained kinetic
data in their computation. However, the assessment of gait
patterns using only the spatio-temporal parameters and kinemat-
ics is not sufficient because they provide a limited evaluation of the
patient’s gait pattern. The integration of these data with kinetics is
crucial for a better investigation of the joint reactions, moments
and powers. Thus, it is possible to assess the mechanisms that
either control or produce the movement, thereby potentially
developing a more comprehensive understanding of motion and
providing insight not only into the ‘how’ (kinematics) but also into
the cause (kinetics) of the movement that we observe. To overcome
this limitation, the GDI-kinetic was developed [29]. It represents a
direct analogy of the GDI, based on joint kinetics rather than
kinematics. The method identified 20 gait features of the raw gait
kinetic data using singular value decomposition, whose linear
combinations of the first 20 gait features produced a 91% faithful
reconstruction of the data. Concurrent and face validity for the GDI-
kinetic are presented via comparisons with the GDI, gillette
functional assessment questionnaire walking scale (FAQ), and
topographic classifications within the diagnosis of CP. The GDI-
kinetic and GDI are linearly related, but are not strongly correlated,
indicating that for any given level of GDI-kinetic, there can be a wide
variety of kinematic patterns and vice versa, suggesting that each
index measures a different aspect of gait pathology. Similar to the
GDI, the GDI-kinetic scales with FAQ level distinguish levels from
one another. The GDI-kinetic also scales with respect to the clinical
involvement based on topographic CP classification in hemiplegia
types I–IV, diplegia, triplegia, and quadriplegia. Interestingly, in
hemiplegia, the unaffected limb exhibits lower GDI-kinetic scores
than the affected side, indicating that compensations in the
unaffected limb result in greater deviations from normal gait than
those observed in the affected limb [29]. The GDI-kinetic was able to
complement the GDI with a more comprehensive measure of gait
pathology, including not only kinematics but also kinetics. However,
to the best of our knowledge, there are currently no other studies and
applications of this index available in the literature.

Other summary measures

Other summary measures have been proposed in the literature,
but their application was limited and they were not widely
clinically applied [6,30,31].

Tingley et al. [30] used a data reduction technique by combining
two concepts. The first concept involves having an overall ‘score’ for
the gait patterns produced from an analysis, which evaluates the
pattern of multiple curves simultaneously; the second concept is the
use of ‘interpretable functions’ as an alternative to principal
component analysis, which is used for most of the previously
presented parameters. Variation from the mean can then be
summarised with a one-dimensional statistic, which is represented
as a squared distance from the population mean. Percentiles of this
one-dimensional index can be calculated, enabling the classification
of a child as normal, unusual or abnormal. A key feature of this
analysis is that it is applied across multiple joint angle curves and
their derivatives, thus providing a measure that takes into account
the interactions between the curves as well as their individual
characteristics. The authors applied this index to a group of
developing children and to a group of children who were born
prematurely, thereby demonstrating good discrimination ability.

Barton et al. [31] used the power of self-organising artificial
neural networks or self-organising map (SOM) in order to visualise
complex gait patterns in the form of single curves. The SOM operates
by converging gait data to stem-patterns, which are arranged on a
relational map in the context of the total data space presented to the
SOM during training. This method enables the identification of
existing gait patterns and opens up the possibility of defining new
gait patterns, which are otherwise difficult to identify in the multi-
dimensional data space. This method provides repeatable di-
mensionality reduction with a resolution that can be controlled
by careful selection of the input data. The multi-dimensional ranking
of subjects is possible both cross-sectionally and longitudinally. The
authors affirmed that the proposed method might provide an
alternative representation of gait analysis results, which can cope
with the complexity of the data and can help to make decision-
making more repeatable and more objective. This method was used
to identify differences in lower extremity coordination between
different types of foot orthoses and to assess the gait quality in a
group of patients with various gait problems [6].



Conclusions

The aim of this review paper is to provide an overview of the
most frequent gait summary measures that have a clinical
application, which were computed starting from 3D-GA. For all
indices, after a brief presentation of the calculation methods and
the applications on pathological states, their advantages and
limitations were discussed.

A discrete number of papers was found on summary measures,
but we observed that most of these studies were articles describing
the origin and construction of these parameters; only a small
number of studies presented a practical and clinical use.

Importantly, because all of the included parameters are derived
from 3D-GA data, they are susceptible to the same sources of error
that are inherent to clinical 3D-GA (e.g., soft tissue artefact, marker
misplacement). However, the principal component method, which
is used to derive most of these parameters, assigns weighting factors
that are inversely proportional to the amount of variation exhibited
by each gait measure in the unimpaired population. Thus, this
method provides a rational and objective scheme by which the most
consistently measured gait parameters have the greatest influence.
This ensures that neither natural variation nor experimental errors
contribute excessively to the indices computation.

According to the 3D-GA report, which is generally used in clinical
gait analysis laboratories, the proposed summary measures
considered general parameters or plots of the pelvis and hip in
three planes, the knee only the sagittal plane (because the coronal
plane is prone to artefact (i.e., cross-talk from poor knee axis
alignment) and the transverse plane of less clinical relevance in most
laboratories) and the ankle in the sagittal plane (for reasons of
clinical utility and practicality because few laboratories regularly
collect three-dimensional hind foot data required to compute
coronal and transverse plane ankle rotations). This represents a
limitation in case of need for a deeper analysis of the knee or foot.

In addition, all of the proposed indices focused on the task of
level ground walking. If the activity of interest were stair climbing,
rising from a chair or jumping, then a completely different set of
variables would likely be warranted. In addition, the NI and GDI are
[(Fig._1)TD$FIG]

Fig. 1. Summary of the limits of the discussed glob
based on the identification of gait features, but although the
authors have made the gait features derived from this analysis
available for use, this does limit the potential for this technique to
be expanded into other applications. Deriving a similar index for a
new biomechanical model based on a different marker set,
incorporating functional calibration, or including more complex
modelling of the foot, for example, would be a considerable
undertaking. According to this consideration, while the NI and GDI
are derived from the conventional gait model, they impose a
considerable barrier to extending similar techniques to data from
different gait models or different activities (running, stair climbing,
etc). In contrast, the GPS has the advantage of being independent of
the feature analysis and can be directly calculated from the data of
an individual and the averaged data of people with no gait
pathology. The main limitations of the proposed indices, with the
exception of the GDI-kinetic, are the exclusion of kinetic and EMG
data, which are instead crucial in the complete assessment of the
gait pattern. The inclusion of kinetics enables the assessment of the
mechanisms that produce movement; in addition, dynamic EMG
provides the timing and action of muscles, which provides a
comprehensive snapshot of the subject’s walking pattern and an
empirical basis for identifying the functional cause of a gait
abnormality. In addition, it is important to underline that, with the
exception of the NI, the other summary measures do not include
velocity in their computation. Because it is well known that
walking speed affects many fundamental elements of gait, such as
kinematic parameters in the sagittal, coronal, and transverse
planes, kinetic data (ground reaction force, moment, and power),
EMG signals and spatio-temporal parameters, we suspect that the
presented summary measures are dependent on walking speed.
From these considerations, efforts should be addressed at
developing a new summary measure that can be deconstructed
into single gait variable deviations, such as the GPS, but also
including spatio-temporal parameters, kinetic and EMG data
(Fig. 1).

In general, the studies included in the present paper demon-
strate how summary measures could represent a useful tool
mainly in clinical settings to objectively quantify the degree of gait
al parameters and a proposal for a new index.



deviation from normality, stratify severity and to quantify the
effects of rehabilitative treatments. In contrast, they may have
some limitations, suggesting their use by biomechanical experts.

In our opinion, for clinical applications, summary measures
should always be used in conjunction with all of the information
(spatio-temporal parameters, kinematics, kinetics and EMG data)
represented in the 3D-GA report. The simple use of summary
measures alone provides no indication of the interaction among
joints and of the interaction among the movement planes,
information about the interaction among kinematics, kinetics
and EMG, and the assessment of copying response, which can be
obtained only when considering all of the 3D-GA graphs. Another
limitation of the summary measures to quantify the gait patterns
of a subject or the effects of a treatment is that favourable and
adverse changes might be masked when using a single number.
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