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Dependence of anticipatory postural adjustments for step initiation on
task movement features: a study based on dynamometric and
accelerometric data

Laura Rocchi, Martina Mancini, Lorenzo Chiari, Angelo Cappello

Abstract — The present study investigates the dependence of
anticipatory postural adjustments (APA) for step initiation on
velocity and length of the first step, by means of both
dynamometric data, acquired by a force platform, and
accelerometric data, achieved by means of sensor nodes
positioned on the lower legs and on the trunk. Results focus on
antero-posterior center of pressure (CoP) displacement and
antero-posterior accelerations. Peak of backward CoP
excursion during APA, considered as magnitude of APA, was
found to depend mostly on step velocity, and, in less amount, to
step length. Accelerometers detected a reliable accelerometric
pattern during APA, and stance leg backward acceleration
before stepping presents a peak with a behavior very similar to
peak of CoP in terms of dependence on velocity and step. The
results allow deduction on the role of APA to control step
initiation, and suggest possible promising applications of
portable and low-cost accelerometric sensors, to monitor motor
performance in several fields as rehabilitation, clinics and
closed loop applications.

I. INTRODUCTION

Voluntary movements are associated with postural
phenomena that precede the onset of the movements and that
are referred to as anticipatory postural adjustments (APA).
Such postural preparations occur in the opposite direction of
the task voluntary movement, usually following a diagonal
pattern [1;2]. APA have been largely considered on the
basis of global biomechanics variables, such as resultant
forces, centre of mass (CoM) kinematics, centre of pressure
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displacement [3-5], or considering muscle activations with
surface EMG [6], and, in less amount, considering single
segments involvement in the APA [2].

The present study focuses on APA for step initiation.
Such preparatory phase implies the center of pressure
(CoP, i.e. the application point of the resultant ground-
reaction force) to move backward and laterally toward the
swing limb to move the body CoM forward and over the
stance limb, in preparation for single-limb support [1;4;7].
The movement phase begins when the swing limb start to
move, i.e. at heel-off of the stepping foot [5].

Postural ~preparations change according to the
characteristics of the corresponding task movement. For
example, APA prior to step initiation were found to be
sensitive to a reduction of postural basis or to constraint
imposed to CoM displacement. Previous studies suggested
that APA duration might be related to forward
displacement of the CoM, or to CoM velocity at the end of
the first step for gait initiation [3;8].

However which is the primary role of APA in function
of characteristic of the task movement has not been widely
exploited. In particular, it is not well known which
kinematic variable APA control mostly, in terms of
velocity or length of the step. This information may be
relevant in rehabilitation programs, in clinics to monitor
possible step and gait impairments because of a specific
disease (such as Parkinson’s disease) or because of chronic
deterioration of the movement system as in the elderly
[4:9].

Since APA were found to be impaired in several disease
and to need to be appropriately scaled in function of both
the task movement and the initial support conditions
[3;10;11], they result as key variables that might be
monitored to evaluate ability of movement preparation in
different diseases or after rehabilitative or pharmacological
therapies. The recent advances in miniaturized sensors,
such as accelerometers, allowed the use of such sensors for
a variety of biomedical applications, as human movement
analysis, because of their characteristic of low-cost,
portability and the useful kinematic information they
provide [12]. In addition, accelerometers allow
measurements that are not directly attainable by classical



movement analysis systems, as dynamometric platform and
optical movement analysis systems for kinematic
acquisition, since they can directly provide acceleration of a
single body segment.

In the present study we investigated the possible detection
of APA by accelerometric sensors, the dependence of APA,
measured by CoP displacement (global biomechanics), on
step features, and the possible relation between APA
accelerometric variables and APA CoP variables in terms of
dependence on step features.

1I. METHODS

A.  Participants and Protocol

Five male volunteers (age 25+2.8 years, height 1.72+0.07
m) participated in the study. All subjects were right-handed
and did not report any history of neuromuscular or central
nervous system disorders. At the beginning of each
experimental trial, subjects stood barefoot and motionless on
a dynamometric platform, with arms at their side. Heels
location was fixed on the platform, to ensure accurate
execution of the entire experiment. The subjects were asked
to voluntarily take two steps starting with the right foot.
Length of the first step was imposed in each trial by a target
line on the ground, which subjects had to hit with the heel.
Three different step lengths were considered (Figure 1): 1)
Short step (SS), defined by a 35 cm heel-heel distance; 2)
Normal step (NS), defined by a 65 cm heel-heel distance 3)
Long step (LS), defined by a 95 cm heel-heel distance.
Subjects performed 3 trials for each step length at their
natural velocity, without receiving any specific instruction,
and 3 trials for each step length at their maximal velocity.

SS 35cm /
NS 65cm

e LS9%cm

Fig. 1 Experimental set up: target step length and
accelerometers positioning (leg accelerometers were
positioned symmetrically)
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B.  Data acquisition

The ground reaction forces and CoP displacement were
obtained by a BERTEC 4060-08 dynamometric platform.

Accelerometric data were obtained by means of 3 sensor
nodes, each of them based on a dual-axes accelerometer
(ADXL202, sensitivity 312 mV/g). The sensor nodes were
mounted on the subjects, by means of Velcro belts, as
follows (Figure 1): - one node on the posterior trunk, about
at the level of the total body CoM with the sensing axes
oriented approximately along the body antero-posterior and
vertical directions; - two nodes on the lower limbs, laterally
just below the knee of the right and left leg respectively,
with the sensing axes oriented approximately along the
body antero-posterior and medio-lateral directions.

The experimental set-up also included kinematic data
that were acquired by means of a 6-infrared cameras
motion analysis system (BTS SMART), and 18 reflective
markers placed on anatomical landmarks [13]. However, in
the present study, only the kinematic of the stepping foot
was considered, to identify the initiation of the stepping
phase, by means of the markers placed on the malleolus
and metatarsus.

All signals were acquired at 60 Hz.

C.  Anticipatory postural adjustments variables

The onset of the anticipatory phase for stepping was
identified by the first measurable change on CoP excursion,
toward the backward direction and, laterally, toward the
swing limb [4]. The end of the APA was identified by the
time of heel-off, detected by the reflective marker on the
malleolus of the stepping foot.

The APA magnitude was measured by the peak of
antero-posterior CoP (CoP-AP) excursion in the backward
direction during APA. The antero-posterior accelerations
measured by the sensor nodes were primarily considered in
the present study, to investigate the presence of a reliable
acceleration pattern during APA. In Figure 2 timing and
excursion of principal acquired signals are shown, for a
representative subject during a natural velocity SS. Antero-
posterior acceleration of the stance leg (Acc-AP) was then
mainly considered for analysis and results.

Dependence of APA measures on velocity and length of
the step was evaluated by means of a 2 factors repeated
measures ANOVA, followed by Tukey-Kramer multi-
comparison tests [14].
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Fig. 2 Accelerometric and CoP signals during APA for
a representative trial

I11. RESULTS

A. Accelerometric data

Figure 2 already suggested the presence of a consistent
pattern in accelerometric data during APA, that was
particularly reliable for stance leg Acc-AP. Such pattern was
characterized by a backward acceleration peak that followed
peak of CoP-AP and preceded heel-off. In each trial, the
postural preparation was associated with a peak of backward
acceleration of the stance leg and such measure was then
considered as the index of APA performance as detected by
accelerometric data.

As represented in Figure 2, antero-posterior acceleration
of the stepping leg was generally in phase with that of the
stance leg, for the first phase of APA, and in opposition of
phase during the second phase. This behaviour was present
for the majority of cases, but with several exceptions mainly
concentrated on one of the subjects.

The trunk accelerometer, that approximated CoM
acceleration, detected a backward, followed by a forward
acceleration pattern during APA. Similarly to stepping leg
acceleration signals, such pattern, even if present in the
majority of cases, was not largely consistent for the entire
population and experimental conditions.

B.  Dependence of APA on step features

Magnitude of APA as measured by peak of CoP-AP was
found to be sensitive both to step length (p<0.05) and to step
velocity (p<0.01). No factors (velocity and length)
interaction was detected. In particular (multi-comparison
tests), at natural velocity, APA magnitude for SS was
significantly smaller than for LS. On the contrary, at
maximal velocity, there were no APA magnitude differences
due to length of the task step. Strong dependence of peak
CoP-AP on velocity was present for each step length, where
APA magnitude for maximal velocity steps was significantly
larger than for natural velocity steps. Mean values and SD of
peak of CoP-AP for each experimental condition are
represented in Figure 3A.
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Interestingly, a very similar behaviour was present in
peak of Acc-AP of the stance leg. Such variables was also
sensitive to step length (p<0.05) and velocity (p<0.01).
Multi-comparison tests on Acc-AP did not detect any
differences for step length pairwises, mostly because of
variability higher for accelerometric than CoP data.
However differences between peak of Acc-AP were always
significant when comparing natural and maximal velocity,
with peak Acc-AP higher at maximal than natural velocity
for each step length condition. Mean values and SD of peak
of stance leg Acc-AP are represented in Figure 3B.

A. peak CoP-AP
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Fig. 3 Mean values and SD of peak during APA in the
3 step length and 2 step velocity conditions. A. peak of
CoP-AP; B. peak of Acc-AP

We did not find any differences due to length or velocity
of the step in the APA timing, both in terms of APA
duration, peak of CoP-AP or peak of Acc-AP timings.

V. DISCUSSION

In the present study we primarily considered signals in
the antero-posterior direction since characteristics of the
step were in this direction. Indeed such variables resulted
the most significant and sensitive to step velocity and
length.

Results, even if preliminary, suggest that antero-
posterior magnitude of APA is functional to step velocity
more than to step length, even if, at natural velocity,
magnitude of APA is sensitive to step length, in particular
to differences between short and long step.



Accelerometric signal detects reliably characteristics of
APA for step initiation, in particular the backward peak of
Acc-AP may be considered as an index of APA functions,
since it occurs at the end of APA, and it has the same
behaviour of peak of CoP-AP as regard dependence on
velocity and step length. Peak of backward Acc-AP just
prior step initiation might be due to an action necessary to
balance the following propulsive push of the stepping foot,
or, on the contrary it might be necessary to cause the
following propulsive motion of the stepping foot.
Supplementary developments of the study will be necessary
to further exploit the topic, considering also body segments
kinematics during APA. The reliable pattern of peak of Acc-
AP suggests possible promising applications. In fact, peak of
Acc-AP is a sort of trigger of movement execution and a
signal very easy to be acquired, hence it might be used to
monitor step onset, appropriateness of APA, with relevance
in rehabilitation programs, clinics and research on motor
control, for example programming exercises or experiments
to perturb the step just before it happens, or in designing
closed loop applications for step and gait initiation.

Further investigations will be also necessary to evaluate
inter-correlation of accelerometric pattern of the single
segments under investigation. In addition, to complete the
use of inertial sensors in monitoring step and gait, it will be
interesting to study the accelerometric segmental patterns
during gait and to identify optimal signal processing to
separate dynamic from static accelerations and provide
information about position and movement accelerations.

V. REFERENCES

[1] J. Massion, Movement, posture and equilibrium: interaction and
coordination, Prog. Neurobiol. 38 (1992) 35-56.

[2] S. Bouisset, J. Richardson, M. Zattara, Do anticipatory postural
adjustments occurring in different segments of the postural chain
follow the same organisational rule for different task movement
velocities, independently of the inertial load value?, Exp. Brain Res.
132 (2000) 79-86.

[3] A. Couillandre, Y. Breniere, B. Maton, Is human gait initiation
program affected by a reduction of the postural basis?, Neurosci. Lett.
285 (2000) 150-154.

[4] A. Burleigh-Jacobs, F. B. Horak, J. G. Nutt, J. A. Obeso, Step
initiation in Parkinson's disease: influence of levodopa and external
sensory triggers, Mov Disord. 12 (1997) 206-215.

[5] R.Lepers, Y. Breniere, The role of anticipatory postural adjustments
and gravity in gait initiation, Exp. Brain Res. 107 (1995) 118-124.

[6] J. Mickelborough, M. L. van der Linden, R. C. Tallis, A. R. Ennos,
Muscle activity during gait initiation in normal elderly people, Gait.
Posture. 19 (2004) 50-57.

[7] P.Crenna, C. Frigo, P. Giovannini, I. Piccolo, The initiation of gait in
Parkinson's disease. In P. Crenna, C. Frigo, P. Giovannini, P. Pollak
(Eds.), Motor Disturbances 11 Academic-Harcourt Brace Jovanovich,
London, 1990, pp. 161-173.

[8] T.TIto, T. Azuma, N. Yamashita, Anticipatory control in the initiation
of a single step under biomechanical constraints in humans, Neurosci.
Lett. 352 (2003) 207-210.

[9] S.E.Halliday, D. A. Winter, J. S. Frank, A. E. Patla, F. Prince, The
initiation of gait in young, elderly, and Parkinson's disease subjects,
Gait. Posture. 8 (1998) 8-14.

1492

[10]

[11]

[12]

[13]

[14]

S. Patchay, Y. Gahery, Effect of asymmetrical limb loading on early
postural adjustments associated with gait initiation in young healthy
adults, Gait Posture 18 (2003) 85-94.

Carlson-Kuhta P, F. B. Horak, L. Rocchi, L. Chiari, P. Hogarth,
Does deep brain stimulation (DBS) for Parkinson's disease improve
step initiation?, SfN Meeting, San Diego, CA, Oct. 23-27, 2004,
Abst. Viewer/Itinerary Planner, Washington, D. C. Soc. for
Neurosci. CD-ROM (2004).

P. Bonato, Advances in wearable technology and applications in
physical medicine and rehabilitation, J. Neuroengineering. Rehabil.
2(2005) 2.

M. Ferrarin, M. Rizzone, L. Lopiano, M. Recalcati, A. Pedotti,
Effects of subthalamic nucleus stimulation and L-dopa in trunk
kinematics of patients with Parkinson's disease, Gait. Posture. 19
(2004) 164-171.

J. L. Hintze, NCSS user's guide. In NCSS, Kaysville, 2000.



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


