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EDITORIAL

The rehabilitation of subjects with stroke:
common points of different rehabilitative approaches
A. TETTAMANTI
San Raffaele Scientific Institute, Milan, Italy

R

eading the editorial published on the last
number of the Italian Journal of Physiotherapy about the “wishes for the future of therapeutic exercise” I was really interested in a statement
in which the author highlights how “an overview
of scientific literature in both musculoskeletal
and neurological physiotherapy allows to detect
different approaches for the same clinical condition” and “the comparison between these approaches does not affirm a clear superiority of
one to others”.1
One of the possible explanation given by the author is that until now we does have not detected the
physiological basis of the therapeutic effect. Therefore the connection between therapeutic exercise
and physiological concepts exists but is still unclear
and different approaches could share some aspects
that are still unknown. In support of this hypothesis the author cites different kinds of treatments
for musculoskeletal disorders that could share the
same physiological basis for their effectiveness.
In my opinion this could be the same for neurorehabilitation. In fact by analyzing the literature one can find some common points in apparently different therapeutic approaches.
Stroke is one of the major causes of disability
in industrialized countries and rehabilitation is
one of the fundamental components of care of
stroke subjects.2, 3
The recovery is composed of various parts:
spontaneous recovery, linked to processes of restitution, and motor re-learning, based on substitution processes and compensation.4
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The motor re-learning is promotable through
the modulation of cortical neuroplasticity.5-7
The existing literature on the topic is wide.
The problem becomes how to select the best
treatment for the patient. The idea of approaching literature based solely on the best scientific
evidence available leads to a sort of dead end. In
fact, by consulting the most authoritative metaanalysis the difficulty to discriminate the appropriate treatment (best practice) increases.3,8
In fact, many treatments are effective, there is
often no clear superiority of one treatment over
another and often the clinical trials themselves
are designed so that the experimental group does
not perform a treatment of comparable intensity
with the experimental one.
But then: is it possible to identify the best
treatment? This question unfortunately, or fortunately, does not have a real answer. The proposal
would therefore be to avoid choosing a regimen
over another but to choose the more effective
shared parts of the treatments and to put them
together to create the best one for that patient.
Hence, the idea is to go looking for the common
points of the different approaches.
A clear example of how these “common
points” are actually the basis of the approaches
proposed in the literature comes from roboticassisted arm training. The recent Cochrane review 9 shows that if we evaluate the use of the
upper limb in activities of daily living, there is
good evidence that shows how the training with
electromechanical or robotic assistance is superi-
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or to conventional treatment . The question now
should be: what leads to this result; what are the
differences between the standard treatment and
robot-assisted treatment?
This question is also raised by the authors
themselves, who have published an article comparing the robot-assisted arm training with a
standard treatment and with a treatment of the
same intensity of the robotic group.10 Their hypothesis is that the intensity of treatment, higher
in robotics that in the usual care, is the reason
that leads to a big result in the robotic group.
The results are that both in the scale of evaluation of motor function, both in assessing the
reduction of overall activity, the intensity seems
to be the variable that affects the outcome of the
treatment. In fact, the robotic group and the
high intensity group obtained exactly the same
results. This article shows how the “milestone” of
the matter could be the intensity of treatment.
A second example is the action observation
training (AOT), based on observation of videos
depicting subjects who perform functional gestures and the subsequent repetition of the same
gesture by the patient.
The neural substrate which underlies the effectiveness of this rehabilitation is the Mirror
Neuron System. The result of the first clinical
trial carried out on subjects post-stroke shows
how this training is an effective technique for the
recovery of motility of the upper limb.11
All cognitive facilities have in common the
multimodality of treatment. In fact, it combines
the motor action with an important cognitive
and multisensory stimulation thus facilitating
re-motor learning.12
Examples of multimodal training are the cognitive facilitations, such as AOT, mental practice, or the mirror therapy.
In view of the above reasoning, it is therefore
possible do detect some points that are common
to many approaches described in the literature
for the rehabilitation of post-stroke subjects.
They could be summarized in some fundamental aspects, such as the specificity of the training

proposed, which should be focused to the type
of deficient gesture and the context in which this
action will be used by the subject. Another point
is the relevance for the subject and the relevance
of the gesture proposed as training from a functional point of view: the gesture should be focused on actions that are commonly used in daily
life. These must be “transitive” and purposeful,
aimed at achieving a goal. Another common and
essential feature is the intensity of the treatment,
intended as the level of difficulty and as repetition
of the activity or action that we want to train. The
last point I would like to highlight is multimodality, also known as multi-sensory stimulation.
These points could be taken into consideration when choosing the appropriate treatment
for our poststroke subjects.
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O R I G I N A L A RT I C L E

Biomechanical and electromyographic analysis
of stepping down during ongoing gait
F. POZZI 1, G. M. GUTIERREZ

2

1Biomechanics

and Movement Science Program, University of Delaware, Newark, DE, USA; 2Department of Physical Therapy, Steinhardt School of Culture, Education, and Human Development, New York University, New York, NY, USA

ABSTRACT
Aim. Stepping down during ongoing gait represents a common functional activity. At ground contact, the leading
leg has to absorb the energy released during the descent making it more complex than level ground gait. The aim of
this study was to yield a biomechanical description of stepping down during ongoing gait through the analysis of
kinematic, kinetic, and EMG data in young, healthy individuals.
Methods. Eight healthy subjects (4 male/4 female, 25.8±4.5 years, 1.68±0.07m height, 67.09±9.93kg weight) were
recruited for the study. A custom made 9m long walkway was built with a 15cm step to simulate a street curb.
Subjects were instructed to walk barefoot at a self-selected speed on the elevated walkway, step down onto the lower
walkway, and keep walking until the end of the platform. Only kinematic, kinetic and EMG data from the leg used
to step down (leading leg) were reported.
Results. All subjects used a toe landing strategy. During the swing phase prior to touchdown, plantarflexion movement, combined with co-activation of the plantar and dorsiflexors were found at the ankle joint. Following ground
contact, knee flexor and extensor activation were observed.
Conclusion. The EMG activity, along with the kinematic and kinetic patterns, found at the ankle and knee joints
indicated that both joints contribute to absorb energy after ground contact. (it j physiotherapy 2013;3:3-10)
Key words: Ankle - Knee - Gait.

D

uring everyday life, we are often challenged
to step down from a height while walking. People that live in urban settings perform
this functional activity several times daily when
crossing streets, as they step down from street
curbs while they walk through a typical metropolitan environment. Single steps are often
present in home settings as well. Thus, improving performance during this activity is an important functional goal of rehabilitation, as it may
affect the autonomy of patients after discharge
from rehabilitation programs.
While walking on an elevated surface, the body
has higher potential energy. As the body center
of mass descends to a lower level, this potential energy is transformed into kinetic energy.1,
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Thus, at foot contact, the linear and angular
momenta are higher compared to level ground
gait.1, 2 The leading leg has to control these higher momenta, absorb part of the energy released
during the descent, and partially use some of this
energy to promote forward motion.1, 2 Additionally, during stepping down foot clearances are
small, foot placement is close to the step edges
and the single limb support phase is longer.3 For
these reasons, descending a step while walking is
a challenging scenario and represents a common
cause of falls in the older population.4
During the approach phase, individuals must
quickly adjust the step length on the raised surface to land the foot close to the height change.
Furthermore, their leading leg contacts the
2
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ground farther away from the step. These adaptations allow performance of the task without
hesitation, loss of movement fluency, or loss of
walking speed.3, 5, 6 At foot contact, two landing
strategies have been observed: heel and toe landing.2 Heel landing is preferred when negotiating
a small step at high speed, while toe landing is
preferred when the step is higher and the speed
lower.7 The foot contacts the ground earlier during toe landing, which helps reduce the body’s
descent velocity. Additionally, the leading leg absorbs energy at the ankle joint using the plantarflexor muscles.2 The negative work at the ankle
and proximal joints appeared to occur sequentially. This may indicate that failing to absorb
energy at the ankle can be overcome by increasing energy absorption at the proximal joints.2
Failure to appropriately absorb and transform
the potential energy and control the momenta
can cause a loss of balance,2 which is especially
problematic during unexpected height changes.1
While kinematic and kinetic data have been
reported during stepping down in ongoing gait,
no study analyzed the concomitant muscle activation of the leading leg. Understanding the
muscle activation patterns of the leading leg will
give important insight on the activation patterns
used to complete a step down task. Therefore,
the purpose of this study is to quantify the EMG
activity, along with kinematics and kinetics, of
the leading leg during stepping down in ongoing gait.

injuries within the past 6 months; and 4) drug
and/or alcohol consumption within 24 hours
prior to testing that might interfere with motor
performance. A custom questionnaire was used
to collect demographic information and screen
for exclusion criteria.
Instrumentation
Before testing, ten individual reflective markers and six clusters of three reflective markers
were attached bilaterally to the lower limbs. Five
Qualisys ProReflex cameras (Qualisys AB Inc.,
Gothenburg, Sweden) tracked the 3-dimensional position in space of the reflective markers at
120Hz. Virtual markers on specific anatomical
landmarks were digitized using a custom made
digitizing wand in the Visual3D software (version 4.0, C-Motion, Inc., Germantown, MD,
USA) using the real-time streaming function of
Visual3D. The locations of the markers, clusters,
and virtual markers are presented in Figure 1.
A custom made 9 m long walkway was built
with a 15 cm step to simulate a street curb (Figure 2). Two force plates (Kistler Inc., Winterthur, Switzerland) were embedded in the lower

Materials and methods
Participants
Eight subjects (4 male/4 female, 25.8±4.5
years, 1.68±0.07m height, 67.09±9.93kg
weight) were recruited for the study. The study
was approved by the University’s Institutional
Review Board, and each participant gave informed consent. Subjects had to be between 18
and 35 years of age for inclusion in the study.
Subjects were excluded from the study if they
reported: 1) cardiovascular, pulmonary, neuromuscular, and/or musculoskeletal diseases,
disorders, or conditions; 2) surgery in the lower
limbs within the past year; 3) musculoskeletal

4

Figure 1.—A representative diagram of the tracking marker
locations, including: 10 individuals reflective markers (solid
dots; placed bilaterally on the ASIS, PSIS, anterior thigh (2),
and lateral femoral condyle); six 3-reflective-marker clusters
(squares with 3 dots; placed bilaterally on the anterior shank,
lateral calcaneous, and first metatarsal); and 12 virtual markers digitized in relation to the physical markers (empty dots;
located bilaterally on the medial femoral condyle, medial and
lateral malleoli, inferior and superior aspect of the calcaneus,
and 2nd metatarsal head). These markers were used to build
six-degree of freedom models of the pelvis, thighs, shanks, and
feet, as well as to track those segments during the dynamic task.
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Figure 2.—Superior (A) and lateral (B) view of the walkway (total length 9m). The walkway was built in halves, such that one half
could be elevated by 0.15m. Two force plates (dark gray rectangles) were embedded into the walkway. Two pairs of timing gates
(diagonal lines) were placed approximately 4m apart and used to measure walking speed. (Figure not to scale)

and upper walkway and used to acquire ground
reaction force data during the step down transition at 1200Hz.
The activity of the peroneus brevis (PB), peroneus longus (PL), tibialis anterior (TA), medial gastrocnemius (MG), biceps femoris (BF),
rectus femoris (RF), and vastus medialis (VM)
muscles of the leading leg was collected using
a Bagnoli-8 EMG system (Delsys Inc., Boston,
MA, USA). The skin on the electrode placement
sites was shaved, abraded, and cleaned with an
alcohol pad.8 Bipolar surface EMG electrodes
[DE 2.1 Single Differential Surface EMG Sensor, Delsys, Inc.; Sensor Contacts – 2 silver bars,
10 mm long, 1 mm diameter; Contact Spacing – 10 mm; CMRR – 92 dB (typical), 84 dB
(minimum)] were attached on the belly of those
muscles parallel to the direction of the muscle
fibers.8 The ground electrode was placed directly
over the spinous process of C7. A manual muscle
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test was performed to check for correct placement and to minimize crosstalk between muscles. An elastic wrap secured the electrodes and
reduced the movement artifact. The EMG signals were acquired at a sampling rate of 1200 Hz
and with a gain of 1000x (frequency response
20±5 – 450±50 Hz [80 dB/decade], System
Noise [RTI]<1.2 IV [RMS] for the specified
bandwidth).
Experimental procedure
Subjects were instructed to walk at self-selected speed on the elevated walkway, step down
onto the lower walkway, and keep walking until the end of the platform. The leg used to step
down (leading leg) was determined by coin flip.
Subjects performed three practice trials where
self-selected speed was measured using two optical timing gates (Polaris, FarmTek Inc., Wylie,
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TX, USA). After resting for one minute, subjects
performed three trials where kinematic, kinetic
and EMG data were collected simultaneously.
Trials were discarded and performed again if
subjects did not contact the force plates cleanly,
visually targeted the force plates, and/or if speed
exceed ±5% of the pre-determined self-selected
speed.

the swing phase was longer compared to level
ground gait and accounted for about 47% of the
gait cycle, which is evident considering that the
leading leg has to travel more space before contacting the lower level. As a result, the data are
presented over stride divided in 100% of swing
and 100% of stance. Due to the nature of the
study, only descriptive statistics were calculated
and will be presented.

Statistical analysis
Raw kinematic and analog (ground reaction
force and EMG) data were imported into Visual3D for the analysis. Six-degree of freedom
models for the pelvis, thigh, shank, and foot
were built using real and digitized markers in
Visual3D. Coordinate reference systems for each
segment in the model were created in Visual3D,
which were then applied to the dynamic trials.
The position data of all reflective markers were
smoothed using a low-pass, 2nd order, zero-lag
Butterworth filter with a cutoff frequency of
7Hz. Joint rotations and angular velocities were
calculated using a Cardan sequence to describe
the movement of the leading leg during the step
down trials. Although the pelvis segment was
created, the markers on the pelvis were obstructed during the data collection on numerous occasions. Thus, hip kinematic and kinetic data were
not included in the analysis.
The ground reaction force signals were
smoothed using a low-pass, 2nd order, zero-lag
Butterworth filter with a cutoff frequency of
20Hz. Using the inverse dynamics algorithm of
Visual3D, moments and power at the ankle and
knee joints were calculated. Kinetic data were
normalized to body weight (BW). All reported
joint moments were external joint moments.
EMG signals were band-pass filtered (2nd order,
zero-lag Butterworth filter with cutoff frequencies
of 20-450Hz), rectified, and smoothed (low-pass,
2nd order, zero-lag Butterworth filter with cutoff
frequency of 7Hz). The maximal muscle activation over all step down trials was used to normalize the EMG signal between subjects.
Data were averaged over the three trials for
each subject. Data were collected on the leading leg, thus the swing phase preceded the stance
phase. An inspection of the data revealed that

6

Results
The average walking speed was 1.16±0.08
m/s and all subjects used a toe landing strategy

Figure 3. Joint rotation angles, velocities, moments, and powers (mean [solid line] ± SD [dashed line]) for the ankle joint in
the sagittal plane during the swing (100%; between 0 and TD)
and stance phases (100%; between TD and 100). The vertical
line represents TD.
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to complete the task. The ankle and knee joints
presented with larger motion and higher energy
absorption in the sagittal plane compared to the
frontal and transverse planes.
During the last 50% of swing, the ankle moved
into plantarflexion and reached ~25° of plantarflexion at touchdown (TD; Figure 3). Furthermore, all muscles analyzed increased their activation, and an absolute peak of MG activation was
observed before TD with co-activation of the
TA muscle (Figure 4). During the first 25% of

POZZI

the stance phase, the ankle moved into dorsiflexion and the peak velocity of this movement was
~400°/s. High dorsiflexor moment and negative
power were found in the sagittal plane at the
ankle. The knee presented with a kinematic and
kinetic pattern similar to the ankle joint (flexion
movement [peak velocity ~180°/s], flexor moment, and negative power [Figure 5]). The activation of the MG decreased following TD, while
the RF and VM muscles sharply increased their
level of activation.

Figure 4.—EMG activation (mean [solid line] ± SD [dashed lines]) during the swing (100%; between 0 and TD) and stance phases
(100%; between TD and 100). The vertical line represents TD. Values are normalized to the maximal activation during the step
down trials.
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Figure 5.—Joint rotation, velocities, moments, and powers
(mean [solid line] ± SD [dashed line]) for the knee joint in the
sagittal plane during the swing (100%; between 0 and TD) and
stance phases (100%; between TD and 100). The vertical line
represents TD.

Discussion
Stepping down during ongoing gait represents a complex functional activity. The leading
leg needed to control the descent of the center
of mass and absorb the energy released during
the descent.1, 2, 9 When toe landing, the plantarflexors and knee extensor EMG patterns found
in this study, reinforced the evidence that both
ankle and knee joints contribute to energy dissipation during stepping down in ongoing gait.
Fine modifications of the leading leg’s kinematic strategies and EMG patterns, are needed

8

to safely perform the task. During the beginning
of the swing (from 0 to ~50% of swing), the ankle joint of the leading leg sustained dorsiflexion movement along with TA activity, which is
similar to level ground gait.10 However, starting
at ~50% of swing, the kinematic and EMG patterns at the ankle are altered compared to level
ground gait. Specifically, the ankle moved into
plantarflexion, the TA was silent, and starting
at ~75% of the swing phase, all muscles analyzed increased their activation. These modifications seemed to occur in anticipation of ground
contact (feed-forward mechanism) to control
the higher moments and release of potential
energy.1, 2 Similar adjustments have been observed in activities that required comparable
functional demands on the ankle, such as stair
descent.11, 12 During the first 25% of stance,
passive movement at the ankle and knee joints
and concomitant activation of the antagonist
muscles (plantarflexors at the ankle and extensor at the knee) were observed. This suggested
lengthening of the musculo-tendinous complex,
which allowed for energy absorption. When all
energy was absorbed (after ~25% of stance), the
movement and muscle activation at the ankle
became similar to level ground gait, as suggested
by the contraction of the plantarflexor during
mid-stance and the contraction of the TA, dorsiflexion movement and knee flexion during the
subsequent pre-swing.10
The MG muscle presented with high preparatory activity (just prior to TD), with co-activation of the TA, and reduction of the plantarflexion movement. This suggests that the contraction
of the MG most likely generated muscle stiffness, as proposed by Gallhofer et al.,13 rather
than contributing to plantarflexion movement.
Increasing muscle stiffness enhanced the ability of muscles to absorb energy.14 Additionally,
high preparatory activity might be related to
the speed of ankle dorsiflexion movement after
TD. During drop jump performed on a sledge,
Ishikawa & Komi 15 found that the preparatory
activity of the MG and vastus lateralis increased
with the height of the drop and consequently
with the drop velocity. The fact that: 1) high preparatory activity of the MG was found during
stepping down in ongoing gait (average velocity
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1.16±0.08m/s), but not in stair descent (average
velocity 0.53±0.07m/s);9, 11 and 2) high angular velocity after TD were associated with high
preparatory activity, seemed to follow with the
observation made by Ishikawa & Komi:15 high
preparatory activity is needed to absorb energy
during high speed eccentric movements.
The knee served a similar function in stepping
down as it does in level ground gait.10 Sagittal
plane motion in the knee is needed for advancement, stability of the body, and minimizing
center of mass displacement. The sagittal plane
kinematics in stepping down during ongoing
gait were similar to level ground gait.10 However, due to the release of potential energy, the
kinetics were altered relative to level ground gait.
Specifically, there was a higher flexor moment in
early to mid-stance with concomitant negative
sagittal plane power, which suggests energy absorption. This change in kinetics necessitated an
altered activation of the knee musculature. Specifically, there was higher amplitude of activity in
the BF and VM muscles during their normally
timed activation at TD, which is likely due to
additional support requirements indicated by
the change in sagittal plane moment and power.
The RF is typically silent during heel strike in
level ground gait, however there was a strong
burst of activity at TD in stepping down. This
might be due to the additional stabilization and
support requirements at the knee or hip.
To allow subjects to carry out kinematic and
EMG patterns they would have naturally developed to descend a step in daily activity, we
did not impose a landing strategy (i.e., toe vs.
heel). Since the landing strategy is determined
by numerous factors (age, approaching speed,
and curb height),7 the walkway reproduced the
standard height for a street curb.16 We believe
that all of these helped subjects performing the
task as naturally as possible. However, although
the height of the curb and the self-selected speed
helped reproduce a standard functional motor
task, they are considered limitations of the study.
In daily life, curb height can be variable, which
may generate different kinematics, kinetics and
EMG patterns compared to our observation.
Additionally, subjects walked barefoot, which
was done in an effort to reduce the variability
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between footwear, as well as to more accurately
track the movement of the foot. However, it
does not represent an everyday walking style.
The shoes may also promote heel landing by dissipating the impact force generated at landing.
Future study should aim to investigate the effect
of shoes on the biomechanics of stepping down
in ongoing gait. The role of the hip and trunk,
as well as the concomitant muscle activation,
should also be addressed.
Conclusions
Stepping down in ongoing gait represents
a normal, but challenging functional activity. When toe landing, the ankle moved into
plantarflexion during the swing phase. Furthermore, high EMG activation of the plantarflexors was found prior to ground contact. These
movements and EMG strategy allowed the ankle to absorb energy after ground contact. The
kinematic and EMG pattern at the knee (flexion
movement and high extensor EMG) indicated
that this joint contributed to energy dissipation
following ground contact.
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ABSTRACT
Aim. Vertebral manipulation is a technique commonly used in the treatment of people suffering disorders of the
vertebral column. Recently this form of treatment has received increasing attention from authors and researchers in
the field of manual therapy. As these techniques become more widely used, it is important that clinicians treating
the cervical spine know how to administer them appropriately. Publications must contain accurate descriptions of
the technical details of these techniques and criteria for their use if they are to assist clinicians. The aims of this paper
were to scrutinize the description of the cervical manipulative techniques in clinical trails and to propose a set of
elements to describe these techniques.
Methods. A systematic review of the literature was conducted searching the major databases. All studies that included cervical manipulation in the treatment of neck pain, cervicogenic headache and cervical radiculopathy were
included. An evaluation matrix including 8 items has been used to scrutinize the cervical manipulative techniques
included in the studies.
Results. Thirty-two studies fulfilled the inclusion criteria and were reviewed. According to our evaluation matrix
only 5 articles provide detailed information about the manipulation technique applied in the studies.
Conclusion. The level of details provided by the authors is still not satisfactory. Journals publishing articles in the
field of manipulative therapy should impose higher standards on authors with regard to description of techniques.
(it j physiotherapy 2013;3:11-19)
Key words: Manipulation, spinal - Neck pain - Musculoskeletal manipulations.

T

he term “manipulation” is used to describe a
number of different techniques in the field
of musculoskeletal rehabilitation, making it difficult to distinguish one technique from the other. When reference is made to “manipulation” in
the scientific journals, it is often necessary to seek
additional information to distinguish the “authentic” manipulation technique, a high velocity low amplitude passive movement applied to
a joint, from other manual therapy techniques.1
The scientific community has placed increased
emphasis on this therapeutic approach because
its efficacy in the management of some musculoskeletal disorders is supported by encouraging
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results.2-11 It is, therefore, necessary to accurately
describe the techniques used in the literature in
order to foster better intraprofessional and interprofressional communication.12
In keeping with the overgrowing propagation
of evidence based practice in clinical practice, it
is essential to support the effective transfer of acquired knowledge.13 As there is a paucity of specific descriptions of the manipulative techniques,
it would be useful to develop an internationally
acceptable nomenclature for the techniques.14
The ability to clearly and unambiguously describe this intervention, irrespective of its source
or the author’s professional background, is nec-
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essary if clinicians are to apply the clinical research findings into practice. Inconsistency in
the technical language has been identified as the
biggest obstacle hindering widespread integration of manual therapy in the field of physiotherapy practice and education.15 Again as Flynn
et al. stated: “It is increasingly evident that the
lack of precision in the description of techniques
has become more than a problem, it is an obstacle to both the analysis of the methodology and
ultimately interpretation of the results”.16
In February 2007 the Academy of Orthopaedic Manual Physical Therapists (AAOMPT)
established a Task Force with the aim of standardizing the terminology in the field of manual
therapy, including manipulative techniques. The
ultimate goal of this task force was to create a
model for manual techniques that could be accepted internationally and used in the physiotherapy community.12
The aims of this paper are to consider the reproducibility of the cervical manipulation studied in selected clinical trials based on the description provided and to propose a series of elements
that describe the most important facets of the
cervical manipulation technique.
Materials and methods
PubMed database
Searches were conducted on October 20,
2011 on the database PubMed for randomized
controlled trials (RCT) and clinical trials (CT)
indexed from 2000 onwards that included the
use of cervical manipulative techniques on subjects affected by neck pain, cervicogenic headache or cervical radiculopathy.
PEDro database
Given the specialized nature of the database
which focuses on rehabilitation, and to avoid restricting the research, key words “cervical AND
manipulation” were used. The search was limited
to “clinical trial” articles indexed from 2000 to
October 31, 2011 ensuring that the articles satisfied the same requirements of the research articles on the PubMed database.

12

Selection of the studies
Two reviewers independently assessed the abstracts of 136 titles yielded from the search. They
read the available abstracts online and a selection
of the articles that complied with the established
inclusion criteria. Studies were considered if the
use of the cervical manipulative technique for
the treatment of neck pain, cervicogenic headache or cervical radiculopathy could be identified
from the abstract. In the event of disagreement,
the full article was retrieved and re-examined by
both reviewers. The results were discussed until
a satisfactory conclusion was reached. Of the136
retrieved articles from the search in the two databases, 33 were deemed appropriate for this task,
and 32 publications were included following the
reading of the full text (Figure 1).
Evaluation of the articles
Because there was no existing validated quality evaluation matrix relating to the accuracy of
description of manipulative techniques on the
cervical spine, a quality checklist was developed
by the authors (Table I) considering the “Model
for Standardizing Manipulation Terminology in
Physical Therapy Practice”.17 The evaluation matrix of the articles was developed to identify the
different elements inherent in the manipulative
techniques proposed in the studies (Figure 2).
There were a total of 8 elements. One point was
assigned for each positive element. A score of 8 indicated that a wide-ranging amount of useful information about the application of the technique
was presented. Scores close to zero indicated scant
detail in the description. The elements reflected,
according to the authors of this work, useful details that would enable good reproducibility of a
manipulative technique described in a trial.
The proposed elements included: choice of
articular level manipulated, handling (point of
contact/placement of thrusting hand/locking/
set up), patient position, operator position,
thrust, indicators of success, dosage, references. To meet the criterion and obtain a positive
score, the element had to contain the minimum
amount of information that was agreed upon by
the reviewers.
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E XC LUDE D not relevant, no
abs tract, not in Italian or
E nglis h, manipulation not
HV LAT

n=103

Articles INC LUDE D on the bas is of
T IT LE /AB S T R AC T and duplicates
removed

Articles E xcluded after
reading F ULL T E XT :
manipulation not HV LAT

n=1

n=33

Articles included after reading
F ULL T E XT

n= 32

Figure I.—Flow chart: literature search and selection of articles.

Table I.—Evaluation matrix.
Choice of articular
level manipulated

The criterion is satisfied if the articular level to be manipulated is explicitly mentioned. The criterion is not
satisfied if the region of the neck is described broadly (cervical manipulation, upper cervical manipulation etc.)

Handling

The criterion is satisfied if the exact point of contact of the thrusting hand on the vertebra is mentioned, the
part of the hand that will impart the thrust and the set-up and lock position.

Patient position

The criterion is satisfied if the position of the patient’s cervical spine are described along with any movements
and/or adjustments required to place him/her in the pre-manipulative position.

Operator position

The criterion is satisfied if the position of the therapist during the application of the manipulative technique is
described

Thrust

The criterion is satisfied if the details about the direction and the manner in which the manipulative techniques
will be performed are described

Indicator of success The criterion is satisfied if the author provides details of the procedure or the criterion that confirms success of
the technique. Or else they define whether the technique is successful or not.
Dosage

The criterion is satisfied if details are given regarding frequency or the number of times the manipulation is
administered.

References

The criterion is satisfied if reference is made in the bibliography or in the text to the original description to
where the technique is described

Criteria are reported in the Table I.
The reviewers independently assessed the information in the articles and rated them according to the agreed criteria based. In some publications the authors used photographic material
and provided links to video material on the web
pertaining to the techniques. In these cases it was
decided to assign a negative score to the technical element indicated, unless the information
was also provided in writing.
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Results
Of the 32 studies included, none achieved
the maximum score from our evaluation matrix
(Table II). The highest score of 7/8 was achieved
in 5 studies,18-22 a score less than 3 in 21 studies,23-43 and a score between 3 and 7 in 6.44-49
To describe the use of the vertebral manipulative
thrust techniques, the authors frequently refer to
alternative terminology, often associated with to

ITALIAN JOURNAL OF PHYSIOTHERAPY

13

CASTELNUOVO

Cervical manipulative technique in the scientific literature

Figure 2.—An example of a high velocity, low amplitude thrust technique of the left atlanto-occipital joint. A) The patient lies
supine, diagonally across the table with the head over the edge. The operator stands at the side of the table at the head end; B) the
patient’s head is cradled with the operator’s right forearm and the chin is grasped lightly with the right hand. The cervical spine is
placed in flexion, left lateral flexion and right rotation. The force to distract the atlanto-occipital joint is applied in a cephalic direction with the thrusting knuckle (palmar aspect of the 2nd metacarpophalangeal joint) of the left hand on the left occipital condyle.

the background of the operator. Terms used include CMT (chiropractic manipulative therapy),
TJM (thrust joint manipulation), SMT (spinal
manipulative therapy), HVLAT (high-velocity
low-amplitude techniques), CSM (chiropractic
spinal manipulation), and adjustment. In some
articles reference was made to techniques that
have a more precise name such as toggle recoil,
diversified, lateral break.
In 16 studies out of 32 18-22, 24, 26, 27, 37, 39, 42,
43, 45-47, 49 the authors satisfactorily justify their
selection of a particular vertebral level to manipulate. Findings on palpatory examination and
on assessment of accessory cervical movements
were considered sufficient as long as they were
reported in the publication.
“Handling” referred to the positioning of the
hands of the therapist, the point of contact, the
fixation of the segments of the eventual locking
of the joint. To obtain a positive score, the authors of this review resolved that at least 2 of the
following pieces of information should be detailed: where the hand that applies the manipulative thrust makes contact with the neck and
which part of the hand imparts the locking, fixation (setup) and eventual manipulative thrust.
Eight studies 18-22, 45, 46, 48 out of 32 provided sufficient detail on the techniques in their studies.
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Four studies 18-21 provided sufficient information regarding both the positioning of the patient and the positioning of the therapist. Another 4 studies mention only the position of the
patient.22, 44, 45, 47
In 5 studies the authors provided photographs
18-21, 41 or link to a videoclip 41 to help describing
the technique more fully.
Specifics regarding the direction of the thrust
(rotary, in traction) are provided in 9 studies 18-22, 41, 44, 45, 48 out of 32. Only 5 studies
18-22 refer to a popping sound as an indicator
of success in manipulating a particular articular level. This element was considered positive
even if the author explained that the pop was
not a criterion for the successful performance
of the manipulation.
With regard to the dosage with which patients
are manipulated, most of the authors either indicated a certain frequency or the basis on which
they administered the manipulation. Two studies 33, 39 reported insufficient details, providing
only the duration of the treatment period.
Finally, in seven,22, 34-36, 45, 47, 49 a specific article or text was cited for details of the manipulative technique. Where this was not provided, or
in the presence of a generic reference, the element was considered to be negative.

ITALIAN JOURNAL OF PHYSIOTHERAPY

March 2013

Cervical manipulative technique in the scientific literature

CASTELNUOVO

Patient position

Dosage

Score n/8

Media

Saayman 2011 24

(CMT) Specific short- lever, HVLA diversified
techniques
HVLA
Thrust joint manipulation (TJM)

-

+

-

-

-

-

-

+

2/8

-

-

+
+

+
+

+
+

+
+

+
+

+
+

+
+

7/8
7/8

P
P

(SMT) HVLA spinal manipulation
HVLA spinal manipulation
Dynamic thrusts, HVLA force directed at one or
more restricted upper thoracic or cervical spine
segments. Diversified technique.
3 Cervical Manipulation Techniques: opening
restrictions; closing restrictions; upslope
HVLA SMT as describer by Peterson and
Bergmann
HVLA SMT as describer by Peterson and
Bergmann
SMT
Hvla Chiropractic spinal manipulation (CSM)
C0-C1 joint manipulation, HVLA thrust
HVLA movements, manipulation
HVLAT (to the spine held in lateral flexion, with
slight rotation and slight extension)
HVLA Spinal Manipulation C0 to C7
HVLAT
HVLA manipulation

-

+
+
+

-

-

-

-

-

+
+
+

2/8
2/8
2/8

-

-

-

-

-

-

+

-

+

2/8 V/P

+

-

-

-

-

-

-

+

2/8

-

+

-

-

-

-

-

-

+

2/8

-

-

+
+

+
+

+
+
-

+
-

+
+
-

+
-

+
+
+
+
+

3/8
1/8
7/8
1/8
3/8

P
-

-

+

+

+

+

+

+

+
+
+

1/8
1/8
7/8

P

-

-

-

-

-

-

-

+

1/8

-

-

-

-

-

-

-

-

+

1/8

-

+
+
-

+
+
-

-

+
-

-

-

-

+
+
-

2/8
1/8
4/8
0/8

-

-

-

-

-

-

-

-

+

1/8

-

-

-

+

-

-

+

-

+
+

1/8
3/8

-

+
+
+

+
+
+
+

+
+

+
+

-

+
+

+
-

+
+
+
+
+

3/8
7/8
1/8
2/8
6/8

-

-

+

-

-

-

-

-

+

2/8

-

De Camargo 2011 18
Puentedura
2011 21
Martel 2011 27
Murphy 2010 26
Gemmel 2010 37
Boyles 2010 41
Haas 2010 47
Haas 2010 47
Borusiak 2009 44
Vernon 2009 23
Mansilla-Ferragut 2009 20
Leaver 2007 28
Haavik-Taylor 2007 46
Hawk 2007 32
Palmgren 2006 25
Martınez-Segura
2006 19
Hurwitz 2005 29
Hurwitz 2004
Haas 2004 30
Evans 2003 38
Haas 2003 47
Harrison 2003 33
Hurwitz 2002 31
Evans 2002 38
Moodley 2002 48
Whittingham 2001 49
Wood 2001 22
Bronfort 2001 40
Heikkila 2000 42
van Schalkwyk 2000 45
Tuchin 2000 43

Controlled Dynamic Thrust, HVLA with minimal
extension and rotation, directed at 1 or more
restricted upper thoracic or cervical spine
Controlled Dynamic Thrust, HVLA with minimal
extension and rotation, directed at 1 or more
restricted upper thoracic or cervical spine
HVLA spinal manipulation Peterson and Bergman
Spinal manipulation CHIRO
HVLAT as Bergmann et Peterson
Cervical manipulation_bilateral diversified rotary
break, (a global lateral bending combined with a
small amount of axial torsion of head and neck)
Controlled Dynamic Thrust, HVLA with minimal
extension and rotation, directed at 1 or more
restricted upper thoracic or cervical spine
SMT
Spinal Manipulation, Adjustment, Diversified
cervical rotatory and/or lateral break tecniques
Toggle Recoil, short lever thrust, HVT
Standard Diversified rotary/lateral break techniques.
SMT short lever low amplitude high velocity
HVLAT
Supine Cervical Rotatory Manipulation and Supine
Lateral Break Manipulation by Szaraz
Chiropractic diversified tecnique

Therapist
position
Directin of th
ethrust
Indicator of
success

Name of the technique

Technical
refernce
Articular level
manipulated

Author and year

Handling

Table II.—Evaluation matrix of the selected articles. In column 2, “name of the technique” refers to the most accurate wording
the authors used in referring to the manipulative technique in the study.

-: negative score; +: positive score; P: presence of a photo; V: linked to a videoclip.
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Discussion
In a field such as manual therapy, which engenders ever-growing interest in the rehabilitative process, vertebral manipulation represents
a specific approach that cannot and must not
be improvised. Clinicians who use this form
of treatment should have certified training and
manual skills that are continually practiced
over time to achieve a high level of therapeutic
success.
When reporting findings in the literature on
the effects of this type of technique on their
patients, authors need to describe the manipulative technique in great detail. This would
facilitate the reproducibility of the treatment
techniques in different conditions to those in
the research, and minimize the non-controllable variables
Heterogeneity of nomenclature used in the
scientific field to describe high velocity, small
amplitude manipulative techniques is an issue, be it in the phase of consultation of databases, or in the interoperator communication.
The diverse backgrounds of those who perform
this work compounds it further. Early research
findings suggest that the term ‘manipulation’
does not always identify high velocity, small
amplitude techniques explicitly adding to the
confusion. The acronym HVLAT (high velocity low amplitude technique) on the other hand
appears to be more suitable when one refers to
thrust techniques. Nevertheless a simple search
on PubMed using the keyword “HVLAT”
yielded only 3 results albeit all were very pertinent.
To apply a high velocity, low amplitude manipulation technique the therapist needs to
select a vertebral level to be manipulated. Authors should specify the criteria used to determine which level to manipulate. In our analysis
16 studies 21, 22, 24, 26, 27, 37, 39, 42, 43, 45-47, 49 satisfactorily described the criteria used for their
decision. Palpation seems to be the technique
most frequently employed to identify levels of
hypomobility and hyperreactivity in the cervico-occipital area
To perform a manipulative thrust, the therapist’s hand position needs to be precise to effect
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a quick and localized movement. If the technique is to be reproducible it is of considerable
importance, therefore, that the information
provided regarding the point of contact and the
grip for the hand that fixes or manipulates the
segments be described. Few authors provided
this type of information in their RCTs.
Positioning the patient in supine, prone or
on the side, and the details regarding the patient
set-up prior to manipulation are also necessary
to allow or facilitate a favourable outcome.
Eight studies provide sufficient information.18-22, 44, 45, 47 Notwithstanding the fact that
the therapist’s position is often important, only
4 authors described it.18-21
Another important element when accurately
describing a manipulative technique is the direction of the thrust, be it lateral or rotary, in
traction. Nine authors clearly expressed this
information in their publication.18-22, 41, 44, 45,
48 Techniques are not always chosen from the
findings on the clinical assessment. In these
situations authors must justify their choice to
apply a standard technique.
Even the criterion used by the authors to
determine the success or failure of the application of the thrust is a topic that is covered
briefly. Only 5 authors 18-22 provided information about this element, regardless of whether
or not they thought the sound often associated
with joint cavitation was necessary.
Information that is easily obtained from the
studies is the frequency with which the subjects
are exposed to vertebral manipulation, though
there is high variability of application from a
single thrust 18-20, 29-31, 44, 46, 47 to a course of 20
or more treatments.23, 40 While recognizing the
importance of the subjective variables and the
inability to establish dosage irrespective of the
clinical findings, it is useful to understand the
frequency with which the authors of the studies
have decided to apply the described techniques
in order to replicate the treatments.
Often authors cite references containing details of a technique.22, 34-36, 45, 47, 49 In the opinion of the authors of this review, this strategy
does not facilitate the dissemination of useful
information. Rather, it forces the reader to refer
to other publications and discourages the clini-
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cal application of a potentially effective technique.
One author 39 justify the lack of detail about
treatment due to their pragmatic approach.
This is a significant limitation when trying to
identify not only the techniques that are more
appropriate for a particular condition but also
the vertebral levels on which they should be applied for a more effective outcome.
The recent advances in digitalization of the
scientific literature allow the integration of material from multimedia articles, but there are
only very few researchers in rehabilitation who
are interested in making use of this great facility.
The premise that a few journals compel authors to provide a more detailed description
of the techniques is confirmed by the fact that
4 18-20, 22 of the 5 articles that receive a global
score of at least 7 items satisfied are published
in Journal of Manipulative and Physiological
Therapeutics.
Conclusions
Notwithstanding the fact that in the past attempts have been made to encourage researchers to be more rigorous in the description of
the manual techniques used in their studies,12
the level of details provided by the authors seem
to be, according to our evaluation matrix, not
satisfactory.
Only five studies out of 32 reached a score
of 7/8, and moreover 21 reported a scoreless
of 3/8.
The use of cervical thrust techniques in clinical practice should be supported with greater
commitment on the part of researchers by describing the techniques used in their studies
and by using a recognized nomenclature.
Journals publishing articles in the field of
manipulative therapy should impose higher
standards on authors with regard to description
of techniques.
The evaluation matrix used in this narrative
review might suggest a list of elements to consider, in order to provide clinicians with a real
chance to replicate the treatments.
The validity and the reliability of the evalu-
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ation matrix should be confirmed before any
application.
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Selective activation of muscle
sub-portions within the vastus medialis:
effect of gender, knee angle and force level
A. GALLINA, M. GAZZONI
Laboratory for Engineering of the Neuromuscular System, Department of Electronics and Telecommunications,
Politecnico di Torino, Turin, Italy

ABSTRACT
Aim. It is currently unknown whether preferential activation of the distal portion of the vastus medialis can be obtained by performing isometric knee extension exercises at selected knee angles and force levels. The aim of this study
was to assess whether preferential activation of muscle sub-portions within the vastus medialis occurs at different
knee angles or force levels, and if this depends on gender.
Methods. Nine male and nine female healthy subjects performed isometric knee extensions for all combinations
of knee angles (15°, 45° and 90°, 0° meaning full extension) and force levels (20%, 60% and 100% of the maximal
voluntary contraction). Electromyographic activity was collected from the Vastus Medialis by using a grid of 16x8
electrodes covering the whole muscle. The electromyographic activity of proximal and distal sub-portions was identified and the effect of gender, knee angle and force level on the amplitude of each cluster was tested with a repeated
measures analysis of variance.
Results. The relative activity, calculated as the ratio between the amplitude values of distal and proximal clusters, was
1.2±0.18 (mean±SD) with no influence of force (P=0.74), angle (P=0.11) or gender (P=0.08).
Conclusion. No consistent trends for preferential recruitment of sub-portions within the vastus medialis muscle as
a function of knee angle, force level or gender were observed. The results of this study suggest that no specific knee
angles or force levels can be routinely recommended for the preferential recruitment of the distal portion of the
vastus medialis during isometric exercises. (it j physiotherapy 2013;3:20-9)
Key words: Quadriceps muscle - Electromyography - Exercise therapy.

A

nterior knee pain is a common musculoskeletal disorder 1 that is mainly characterized by knee pain during functional activities.
Despite large efforts of the scientific community
in investigating this multi-factorial syndrome,
there is still limited convincing evidence on its
aetiology. One of the main hypothesis is patellar
maltracking, which is thought to play a major
role in the development and maintenance of
patellofemoral pain.2 Among the others, one
of the mechanisms that contributes to patellar
stabilization and that is commonly targeted in
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physiotherapy practice is the dysfunction of the
quadriceps muscle.3
Quadriceps muscle has four heads: rectus femoris, vastus medialis, vastus lateralis, vastus intermedius. Each head has its own fiber orientation 4
and line of action.5 Along with producing knee
extension, quadriceps heads act on the patellar
motion, causing tilt, shift, and rotation.6 Changes in fiber orientation can be also observed moving from distal to proximal position within each
quadriceps head, especially in the case of vastus
medialis (VM) muscle.4, 7 Besides the changes in
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fiber orientation within the muscle, other factors suggest that the VM muscle should not be
considered as a whole, but made of muscle subportions: proximal and distal muscle portion can
be distinguished on the basis of different lines
of force,6 intramuscular pattern of innervation,8
different motor points,7, 9 different responses to
fatiguing contraction,10 and different fiber composition.11 It was recently stated that no clear
conclusions about the existence of VM muscle
compartmentalization can be drawn on the basis
of anatomical evidences;12 however, differences
in the activation of muscle sub-portions have
not been yet analyzed.
Surface electromyographic (EMG) signals
are commonly acquired to assess muscle activation. Recent advances in this technique allow
to place more than a hundred electrodes on
the skin, over a single muscle;13, 14 the analysis
of the amplitude distribution of the EMG signals collected with this technology can provide
information about the position of active motor
units.15, 16 As muscles can exert force in different
directions by means of a selective recruitment
of motor units,17 and motor units with similar
biomechanical actions are spatially localized in
discrete portions of the muscle,15 it is possible
to distinguish groups of motor units with similar biomechanical actions on the basis of the 2D
representation of surface EMG signals.18, 19
It is currently unknown whether VM subportions can be preferentially activated when
performing isometric knee extension exercises
at different knee angles and force levels; this information might be useful for physiotherapists
in the prescription of therapeutic exercises for
patients with knee musculoskeletal pathologies.
Therefore, the purpose of this study was to investigate the activation of each sub-portion of the
VM in relation to force, angle and gender.
Materials and methods
Eighteen healthy subjects (nine men, nine
women; age: mean 26 years old (SD 4), height:
mean 175 (SD 8) cm, weight mean 67 (SD 9)
kg) participated in the experiment. ������������
All the subjects were pain-free at the time of the experiment
and reported no known knee pathologies or in-
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juries. The subjects provided a written informed
consent before beginning the experimental session and the study was approved by the local
ethical committee.
Before beginning the experiment, the subjects
performed a short warm up (up to five minutes,
self-conducted). During the experimental protocol the subjects were comfortably sitting, with
their dominant leg fixed in a torque brace; all the
contractions were performed with the trunk in
an erect position and the upper limbs crossed on
the chest. The experimental protocol consisted
of unilateral isometric contractions of the knee
extensor muscles. Contractions were performed
for all combinations of three knee angles (90°,
45°, 15° considering 0° as full extension) and
three force levels (100%, 60% and 20% of the
maximal voluntary contraction measured at each
knee angle) in pseudo-random order. For each
knee angle (selected in random order) two MVC
contractions were performed and the one with
the highest torque value was selected; then 20%
and 60% MVC contractions were performed in
random order. The two sub-maximal contractions were ten second long, whereas MVC lasted
no more than five seconds. One minute rest was
observed between consecutive contractions.
Both surface EMG and torque data were collected during the protocol. Torque data were
collected using two torque-meters (full scale 200
Nm each) aligned with the knee joint rotation
axis, one on each side, and a force amplifier (MISOII, LISiN, Turin). Force feedback was given
to the subjects using a led bar. Surface EMG
was collected using an adhesive matrix of 128
electrodes (8 columns by 16 rows, interelectrode
distance 10 mm, circular electrodes 4 mm in
diameter, LISiN). The skin of the subjects was
shaved and cleaned with abrasive paste; then the
electrode grid was positioned using anatomical
landmarks as reference (Figure 1). The most lateral column of the electrode grid was positioned
10 mm medially to the line linking the center of
the patella with the antero-superior iliac spine;
the distal row was positioned 10 mm above the
upper portion of the patella (manually identified
at 90° of knee joint flexion). The surface EMG
was acquired in monopolar mode and amplified
with a 10-750 Hz bandwidth amplifier (EMG-
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Figure 1.—Example of the positioning of the electrode grid to detect EMG signals from the VM muscle. The grid (16 rows by 8
columns of electrodes) was positioned with respect to anatomical references: the most lateral column of electrodes was placed 1 cm
medially to the line linking the anterior superior iliac spine with the center of the patella (red dashed line) and the most distal row
of electrodes was placed 1 cm proximally to the apex of the patella. The position of some electrodes is highlighted with blue circles
in the proximal-lateral part of the grid. The EMG signals have been acquired in monopolar modality and the single differential
signals have been computed along the matrix diagonal direction to approximate the fiber direction (an example of a couple of
electrodes used for the computation of a single differential signal is shown).

USB amplifier, LISiN and OTBioelettronica,
Turin). Both surface EMG and torque were digitized at 2048 samples/s using a 12-bit A/D converter (±2.5V dynamic range), and EMG signals were band-pass filtered (20-400 Hz). Eight
channels (medial column, proximal channels)
were devoted to collect the torque signals using
two auxiliary inputs.
The acquired signals were visually inspected
off-line to identify channels affected by electrode-skin contact problems; fewer than 5% of
the channels were identified as bad channels.
Single differential channels were calculated from
monopolar recordings. As the main direction of
muscle fibers was approximately 45° inclined
with respect to the columns of the matrix, the
single differential spatial filter was calculated
along the diagonal (interelectode distance: 14
mm) as follows:
SDr,c=Mr,c - Mr+1,c+1
where SDr,c is the diagonal single differential signal
for row r (r ∈ [1 7]) and column c (c ∈ [1 15]), Mr,c
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is the monopolar signal detected by the electrode
in row r and column c (Figure 1). Examples of diagonal differential raw signals is shown in Figure
2. For each contraction, one epoch of the EMG
signal was analyzed: in the case of MVC, the epoch corresponding to the two seconds centered on
the torque peak was selected. In the sub-maximal
contractions, the epoch corresponding to three
seconds of signal (5-8th second) was selected. Root
Mean Square value (RMS) of each SD channel was
calculated on the epoch, resulting in one matrix of
15x7 RMS values for each of the nine conditions
(i.e, three angle and three force levels). RMS values
for bad channels identified by visual analysis were
replaced with the mean of the four neighboring
ones.
The EMG activity of the proximal and distal
sub-portions of the VM was estimated as follows:
first of all, two groups of channels representing
the activity of distal (cluster one) and proximal
(cluster two) sub-portions were identified (Figure 3A) on the basis of muscle architecture 7, 12
and electrode position described in literature.10

ITALIAN JOURNAL OF PHYSIOTHERAPY

March 2013

SELECTIVE ACTIVATION OF MUSCLE SUB-PORTIONS WITHIN THE VASTUS MEDIALIS

GALLINA

Figure 2.—Example of diagonal single differential EMG signals (Subject 9). The patella is positioned distally and laterally to the
matrix. The innervation zones can be identified in most columns (dotted lines). Two motor unit action potentials are highlighted
with different grey rectangles. The first action potential can be clearly seen in the columns 1, 2, 3, 4 and 5 in the time interval 0-20
ms; the second potential, instead, is better represented in the distal portion of the columns 7, 6 and 5.

The criteria according to which this process was
done are described further in detail in the discussion session. �����������������������������
Afterwards, within each cluster, the channels with amplitude higher than a
threshold (70% of the maximum value in the
cluster, validated in Vieira et al.)20 were considered (fig. 3B). If channels localized proximally
to the innervation zone (manually identified in
each column as the channel showing phase inversion, Figure 2) were selected as relevant, these
channels were removed from the analysis (Figure
3C). The activity level of each sub-portion was
estimated by averaging the RMS values of the
relevant channels. Finally, in order to analyze
changes in the relative activity of the two muscle
sub-portions, the ratio between the two amplitude values (cluster one divided by cluster two)
was computed. Examples of the channel selection and of the ratio values of three representative subjects are shown in Figure 4.
Statistical analysis
Statistical analysis was performed using the
software Statistica 6. The Shapiro-Wilk test was
used to check the normality of the distribution;
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when the Shapiro-Wilk test resulted in a nonnormal distribution, the statistical tests were performed on the rank transformed data. A repeated measures analysis of variance (ANOVA) was
performed, testing the effects of gender, angle
and force on the mean amplitude value of both
clusters and on their ratio on separate tests. Tukey test was used for post-hoc comparisons. Statistical significance threshold was set at P=0.05.
Results
Results of the repeated measures ANOVA are
summarized in Table I, whereas graphical representations of the data tested is provided in Figure
5.
A main effect of the force level on the amplitude of the EMG signal was present in both
cluster one (P<0.001, F=427.92) and cluster
two (P<0.001, F=451.03). Tukey post-hoc test
revealed that EMG amplitude at each force
level was significantly different from the others
(P<0.001). A main effect of the angle of knee
flexion on the amplitude of the EMG signal was
present in both cluster one (P<0.001, F=24.60)
and cluster two (P<0.001, F=32.38). Tukey
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Figure 3.—Identification of VM muscle sub-portions. A) Position of the diagonal single differential channels on the grid; blue and
green areas identify the indicative position and the orientation of the distal and proximal portions of the VM muscle respectively.
Black dashed rectangles group the electrodes channels used to evaluate the activation level of the two muscle sub-portions (distal
VM is cluster one, proximal VM is cluster two); these two areas were chosen in order to consider the channels positioned between
the muscle innervation zone (see in B and C the low-amplitude channels that start from the distal, medial corner and run diagonally through the matrix) and the muscle insertion on the patellar tendon (low-amplitude electrodes in the distal-lateral corner of
the matrix). Black circles are located above the proximal VM, grey ones on the distal VM. B) Example of a segmented amplitude
RMS map. Within each area, the channels whose amplitude was higher than 70% of the maximal value were selected. C) Example
of a segmented amplitude RMS map. When channels proximal to the innervation zone were selected (crossed circle), they were
removed from the analysis.

post-hoc test revealed that EMG collected in the
flexed position was significantly higher (P<0.001
in both clusters) than in the extended and midflexed positions; instead, no significant differences were observed between the extended and
mid-flexed positions (P=0.19 in cluster one,
P=0.18 in cluster two). A significant interaction
of force and angle was present (P<0.001 in both
clusters, F=7.65 in the first cluster and F=9.92
in the second one). Gender did not influence
the amplitude of the EMG signals (cluster one:
P=0.09, F=3.20; cluster two: P=0.34, F=0.98).
No significant interactions of gender and angle
(P=0.51 in cluster one, P=0.43 in cluster two), or
gender and force (P=0.52 in cluster one, P=0.52
in cluster two) were detected.
The average value of the ratio was 1.20 ± 0.18
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(mean±SD), with values higher than 1 meaning greater EMG amplitude in the distal cluster. The ratio of the amplitude value of the two
clusters was not affected either by the knee angle (P=0.11, F=2.39) or the force level (P=0.74,
F=0.30). The gender had no significant effect
on the ratio (P=0.08, F=3.54). The interactions never reached statistical significance (angle
and gender: P=0.83, F=0.19; force and gender:
P=0.94, F=0.06; combination of the three factors: P=0.35, F=1.12).
Discussion
This study investigated whether, during isometric contractions at different angles and force
levels, the VM muscle is homogeneously active
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Figure 4.—Examples of changes of the distal/proximal VM EMG amplitude ratio in three representative subjects. A) Effects of
force increase. Two peaks, positioned within the areas chosen as representative for the two muscle sub-portions, can be identified
in each map. The ratio value (R, reported on top of each map) decreases as the force exerted increases, approaching the value 1 at
the highest force levels; this means that at 20% MVC the amplitude value recorded from the distal portion of the muscle is higher
than that of the proximal VM, whereas the two amplitude values are more similar at 60% and 100% MVC. B) Effect of knee
angle. Few differences among the amplitude distributions can be observed. C) Effect of knee angle. In this subject, a preferential
localization of EMG activity in the distal portion of the VM can be observed at 20% (R=1.51). At more flexed knee positions, the
EMG amplitude collected by the channels on the proximal portion of the VM increases; this lowers the ratio to 1.31 and 1.21.
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Table I.—Results of the repeated measures ANOVA: effects of gender, angle and force on the EMG amplitude of both clusters
and their ratio.
Cluster one
P

Angle
Force
Gender
Angle X Force
Angle X Gender
Force X Gender

<0.01*
<0.01*
0.09
<0.01*
0.51
0.52

Cluster two
F

24.60
427.92
3.20
7.65
0.59
0.63

P

<0.01*
<0.01*
0.34
<0.01*
0.43
0.52

Ratio one/two
F

32.38
451.03
0.98
9.92
0.8
0.7

P

F

0.11
0.74
0.08
0.58
0.83
0.94

2.38
0.30
3.54
0.70
0.19
0.06

*P<0.01

†P<0.05

Figure 5.—Comparison of the EMG amplitude of the first and second cluster and their ratio (rows) as a function of force level,
angle and gender (columns). Median values, percentiles and non-outlier intervals are represented for each condition. Statistical
results of the ANOVA test (on ranks, repeated measures on 18 subjects) are shown.

or not. When different knee joint angles and
force levels were tested, no common trends in
terms of preferential activation of either sub-portion were evidenced. No effect of the gender on
the relative activity of the two muscle sub-portions was present, even if the test approached the
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statistical significance. These issues are discussed
further in detail hereafter.
The number and the position of the channels considered as representative of the activity
of the two VM sub-portions were selected on
the basis of the following factors: 1) the posi-
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tion of the electrode grid with respect to position and orientation of VM fibers;7, 12 2) the
intramuscular pattern of innervation;8 3) the
uniformity with the placement of the EMG
detection system suggested by other studies.10
In addition, in order to limit the effects of the
anatomical factors on the EMG amplitude, only
the area of the grid corresponding to the muscle
fibers comprised between the innervation zone
and the distal tendon was considered; indeed,
the EMG amplitude along the muscle fiber direction is known to be mainly influenced by
anatomical features of the muscle, whereas the
EMG amplitude transversally to the fiber direction is affected by the spatial organization of the
active motor units.16 The portion of the muscle
distal to the innervation zone was preferred, as
it might be less affected by crosstalk from other
muscles such as rectus femoris and sartorius, and
it might present a lower thickness of the interposed tissues than the proximal area of the tight.
The selection of subsets of high-amplitude channels within these areas defined on the basis of
anatomical information might minimize differences in the position of high-activity areas due
to inter-subject variability and shifts of the muscle as a function of knee angle. Our choice in
the definition of these areas is further supported
by the fact that other authors found withinmuscle differences in EMG activity by placing
electrodes in similar positions: Hedayatpour et
al.21 analyzed the surface EMG distribution of
the whole quadriceps using a number of couples
of electrodes, and reported site-specific differences in amplitude distribution after eccentric
exercise until exhaustion; differences in myoelectric manifestations of fatigue and muscle
activation were also pointed out by Rainoldi et
al.,10 comparing proximal and distal portions of
the muscle.
In our experiment, both the amount of force
produced and knee joint angle were shown to
influence the EMG activity of both muscle subportions in a similar way. The relation between
EMG amplitude and force is well known in the
literature. Concerning the knee joint angle effect on the EMG amplitude, we found that VM
EMG was higher at 90° flexion than at 45° and
15°, but no differences were found between the
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mid-flexed and the extended position. Our results are consistent with others reported in the
literature: VM EMG activity was proven to be
dependent on muscle length,22 with increasing
values approaching 90° flexion; these results also
confirm findings of another group,23 whereas
others found no significant effects of the knee
angle.24 No relative changes in the EMG activity between the two muscle sub-portions due to
force level or knee angle were disclosed. A possible, speculative interpretation might be the
following: as the two portions of the VM have
different biomechanical actions due to different orientation of the muscle fibers,5, 6 the two
muscle sub-portions work in synergy in healthy
subjects, as one produces mainly extension force
whereas the other contributes more significantly
to patellar tracking.5, 6 However, it is important
to consider that a lack of statistical significance
does not mean that the EMG spatial distribution did not vary among conditions, but rather
that these variations were not consistent among
subjects; in fact, clear differences among conditions can be observed if the subjects are considered individually (Figure 4).
No significant effects of gender on the EMG
activity of either cluster could be identified. Previously, other groups observed no gender differences in the EMG activity of the whole VM
during both isometric 25 and dynamic contractions.26, 27 Furthermore, no significant effects
of gender on the ratio between the amplitude
of the two clusters were proven. However, a
trend toward statistical significance (P<0.1) for
the influence of gender is present in both the
amplitude ratio and the amplitude of the distal cluster, with females showing a lower EMG
activity in the distal portion. Absolute EMG
amplitude could be affected by anatomical factors, such as the thickness of the subcutaneous
tissue and the fiber orientation, rather than by
different neuromuscular activations. No data
about subcutaneous thickness were collected in
this study; however, it is reasonable to assume a
comparable subcutaneous thickness in the two
clusters, and the estimation of amplitude ratio
performs a sort of normalization reducing the
effect of possible differences in the subcutaneous
thickness among subjects. For what concerns fi-
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ber orientation, a recent review by Smith et al.12
showed that no gender differences exist in fiber
orientation in either compartment of the VM;
furthermore, amplitude estimation was proven
to be little affected by the misalignment of the
electrode array with respect to muscle fiber orientation in another muscle with fibers parallel to the skin.28 On the basis of this evidence,
the trend toward an influence of gender on the
EMG distribution in the VM muscle might
be related to motor unit recruitment strategies
rather than anatomical factors. The differences
in EMG amplitude might suggest a less efficient
patellar stabilization mechanism in females, possibly playing a role in their higher predisposition
to knee disorders.29 However, our tests did not
reach statistical significance: experiments on a
larger population should be done in the future
to clarify this issue. Furthermore, as large intersubject variability in patellar motion was observed in healthy subjects,5, 6 it might be worthy
testing whether specific distribution of EMG
within the VM match with specific patellar kinematic patterns.
As quadriceps muscle dysfunction is common
in patients with knee musculoskeletal disorders,
exercises targeting knee extensors are widely
used by physiotherapists in the treatment of
these pathologies.3 Several strategies such as preferring open or closed kinetic chain exercise,30
changing the lower limb orientation and adding co-contractions of other muscles 31 are often used in clinical practice in attempt to modify the relative contribution of the quadriceps
heads to the overall force production. Previous
research showed that the relative activation of
the heads of the quadriceps depends on both the
knee angle22 and the level of force exerted.32, 33
Despite some subjects showing a muscle activity prevalently localized in the distal portion of
the VM during low force contractions (20%
MVC, fig. 4A) or at extended knee positions
(15°, Figure 4C), our results suggest that these
knee angle and force level did not consistently
influence the relative activation of proximal/
distal VM. For this reason, exercises targeted at
restoring muscle imbalances within the VM do
not necessarily have to comply to any indication
regarding these factors.
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Conclusions
To our knowledge, this is the first study investigating the effects of knee joint angle, force level
and gender on the activation of VM muscle subportions by using surface electromyography. The
EMG amplitude of the VM was dependent on
both force level and knee angle, with no changes
in the relative activation between the sub-portions. A trend toward an influence of the gender
on the relative activity of the two clusters was
highlighted, possibly due to a lower activity of
the VM muscle in females; however, these results
did not reach statistical significance and further
research is necessary. It is concluded that, during isometric knee extensions, changes of knee
angle or force level do not result in variations of
the EMG spatial distribution consistent among
subjects.
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O R I G I N A L A RT I C L E

Activation of fixation muscles in keeping the raised
lower limb position in subjects of different ages
A. TETTAMANTI, T. NIZZOLA, M. LOCATELLI, F. ZEGNA, R. GATTI
Laboratory of Analysis and Rehabilitation of Motor Function, Vita-Salute San Raffaele University, Milan, Italy

ABSTRACT
Aim. The elevation of the lower limb in the supine position entails the simultaneous activation of hip flexor muscles
as the agonist, and the controlateral hamstrings and abdominals as the fixation muscles to avoid anterior rotation of
the pelvis. This study compares the activation pattern of the muscles with a role of body segment fixation in older
and young subjects.
Methods. Forty-two healthy subjects were divided into three groups depending on age: 18-35 years; 36-64 years;
over 65 years. Subjects were asked to keep their right lower limb elevated at 45° in supine position. The test position
was reached: 1) by raising the right lower limb and 2) by putting the left lower limb down on the bed after both legs
had been raised.
Results. Surface electromyographic activations (sEMG) of right rectus femoris (RF), left biceps femoris (BF) and
two rectus abdominis (RA) were recorded. International Physical Activity Questionnaire (IPAQ) scores were also
collected. A similar sEMG pattern of fixation muscles (BF, rightRA, leftRA, P<0.0001) and level of physical activity
(IPAQ P=0.288) were detected among the groups.
Conclusion. Older adults with levels of physical activity similar to young subjects do not seem to have differences
in fixation patterns, compared to younger adults. (it j physiotherapy 2013;3:30-6)
Key words: Aging - Electromyography - Posture - Muscles.

T

he execution of voluntary movements activates muscles with both agonist and postural
roles and all skeletal muscles can be involved in
these two tasks.1 Activation of postural muscles
is necessary to contrast the body mechanical
perturbations produced by movement. Postural
muscles have two functions: to fix the position of
the segments that serve as a reference frame for
actions and to manage the body center of mass
by anticipatory postural adjustments (APAs)
during self-induced displacements.2
The fixation of body segments is achieved by
isometric contractions to avoid moving one of
the two bones on which the agonist muscles are
inserted. For example, the elevation of the lower
limb in the supine position entails the simultaneous activation of the hip flexor muscles as ago-
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nist and the hamstrings of the opposite side and
abdominal muscles to avoid anterior rotation of
the pelvis.3
It is worth noting that the patterns involved
in activating the fixation muscles that maintain
the elevation of the extended right lower limb
are different in healthy young people, depending
on how this position is obtained. If the position
is reached by raising the right lower limb from
the supine position, there is high activation of
the left biceps femoris and low activation of the
abdominal muscles. When the same position is
reached by putting the left lower limb down on
the bed after both legs have been raised, there
is increased activation of the abdominal muscles
and a decreased activation of the left biceps femoris. By contrast, the muscular activation pattern
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does not change in people affected by multiple
sclerosis, no matter how they reach the position.4
The clinical relevance of alterations of fixation
muscles activation has been scarcely investigated
in the literature. Some of the reported data has
been related to postural activation of the trunk
muscles during the perturbations induced by
voluntary arm movements. For example, people affected by low back pain in comparison
to healthy people show slower activation of the
transversus abdominis when performing single
rapid arm movements.5 Mehta et al.6 studied
the activation of abdominal and trunk extensor
muscles during a self-initiated perturbation that
consisted of a rapid shoulder flexion in people
with and without low back pain. People with low
back pain showed a delayed onset of the trunk
muscles activation and a shorter cocontraction,
compared to healthy people.
Alterations of fixation mechanisms have been
demonstrated in people affected by multiple
sclerosis and back pain. It is difficult to speculate
about the physiopathology of these alterations
since the two cited clinical conditions are very
different. The common component between
people with multiple sclerosis and people with
back pain could be a reduction of their motor skills. Therefore, it is reasonable to wonder
whether a reduction of motor skills could provoke an alteration in the activation of fixation
muscle. To answer to this question and considering that people show decreased motor ability
with aging,7-9 the aim of this study is to compare
the activation pattern of fixation muscles in subjects of different ages.

Italy). All study participants signed an informed
consent form and the study was approved by the
internal ethics committee of the San Raffaele
Scientific Institute.

Materials and methods

The experimental procedure was composed of
two consecutive parts: 1) the acquisition of the
surface electromyographic activity (sEMG) during the test positions 15 and 2) the administration of the International Physical Activity Questionnaire (IPAQ).16, 17 To be better informed
about the participants’ functional status, they
were asked to report about episodes of falling in
the previous year.
Before executing the tests, the maximal
sEMG activity for the following muscles in each
individual was recorded: right rectus femoris,
longhead of left biceps femoris, bilateral rectus

Study design and aim of the study
A quantitative research report design was used
for this study. Its purpose was to compare in subjects with different ages the activation of fixation
muscles in maintaining the raised lower limb position, which was accomplished by two different
modalities.4
The study was performed in the Laboratory of
analysis and rehabilitation of motor function of
the Vita-Salute San Raffaele University (Milan,

Vol. 3 - No. 1

Subjects
Healthy subjects of different ages were enrolled in the study. The inclusion criteria were
the ability to walk with or without a cane, the
autonomy in daily living activities and the ability
to dwell in a community. The exclusion criteria
were orthopedic, neurological, respiratory, cardiovascular, or cognitive pathologies that could
affect the execution of the test. The inclusion
criteria were checked by two physiotherapists
involved in the study and the exclusion criteria
were certified by a physician. The study participants were enrolled among university students
and their relatives.
The study participants were 42 healthy individuals ranging in age from 18 to 84 years;
they were divided into three groups, depending
on age and in accordance with described age
classes.10-14 Group 1 was composed of subjects
with 18-35 years; group 2 of subjects with 3664 years and group 3 of subjects with 65 years or
older. In group 1 there were 15 participants (11
male and 4 female, mean age 22.2±3.3 years);
14 participants in group 2 (9 male and 5 female,
mean age 47.8±8.4 years) and 13 participants
in group 3 (8 male and 5 female, mean age
73.7±5.4 years).
Experimental design

ITALIAN JOURNAL OF PHYSIOTHERAPY

31

TETTAMANTI

Activation of fixation muscles

Figure 1.—Test position: the subject is lying in supine position, the right lower limb is raised of 45° over the horizontal plane with
the knee extended.

abdominis. To assess fixation muscle activation
a test already described in the scientific literature was used.4 Subjects were asked to keep their
right lower limb elevated at 45° in supine position for 5 seconds (Figure 1). A target height
was set for each subject to make sure that the
angle between the elevated limb and the horizontal plane was 45°. The angle was measured
by a goniometer before the acquisition. The test
position was reached in two different ways: 1)
by raising the right lower limb from the supine
position up to a fixed target (i.e., exercise A) and
2) by returning the left lower limb down on the
bed after both legs had been raised to the set
target (i.e., exercise B). Both movements were
performed at spontaneous speed and one of
the authors demonstrated the movement to the
study participants before the acquisition. Each
subject performed one trial for each exercise after a pause of 60 seconds. The order of execution of the exercises was randomized by using
a computer-generated list created and managed
by an author. Even numbers were assigned to
exercise A and odd numbers to exercise B. The
self-administered IPAQ questionnaire was administrated to the subjects to assess their level
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of physical activity at the end of the sEMG acquisition.
Data acquisition and management
The electromyographic signal was recorded
by using 15-mm diameter bipolar surface electrodes and a 30-mm inter-electrode distance.
The subjects’ skin was treated with abrasive paste
before applying the electrodes. The signal was
preamplified 1000 times and sent by telemetry
(telemg; BTS) to a device for further amplification (gain=5) and for storage on a personal computer. The sample frequency was 1000 Hz. The
sEMG of the following muscles was acquired:
the right rectus femoris, the longhead of the left
biceps femoris and the bilateral rectus abdominis. The muscles chosen for analysis were based
on a study by Gatti et al.4 The electrodes were
positioned according to the following criteria:18
—— rectus femoris. The electrodes were placed
in the middle of the line connecting the anterior
superior iliac spine to the superior edge of the
patella;
—— long head of the biceps femoris. The electrodes were placed in the middle of the line con-
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necting the ischiatic tuberosity and the lateral
epicondyle of tibia;
—— rectus abdominis. The electrodes were
placed about 3 cm beside the umbilicus, along
the course of the muscular fibers.
In order to normalize the sEMG activity, each
subject was asked to perform 5 seconds of maximal isometric voluntary contraction of the acquired muscles in the following positions:
—— rectus femoris. The subjects were asked to
perform a hip flexion with the knee extended in
supine position; the operator blocked the movement by applying resistance to the distal part of
the thigh;
—— biceps femoris. The subjects performed
a knee flexion in the prone position with a 30°
knee flexion; the operator blocked the movement by applying resistance to the ankle;
—— rectus abdominis. The subjects were asked
to flex the trunk in the supine position while the
operator blocked the movement by applying resistance to the subjects’ shoulders.
The sEMG signal was filtered by a 10-500
Hz filter, rectified and integrated with a time
constant of 30 milliseconds. The sEMG intensity during the tests was computed as the mean
amplitude value of the interval between the first
and the fourth second of the elevated lower limb
position. sEMG signal was analyzed using the
Myolab software.
In the self-reported IPAQ questionnaire, sub-

jects reported the weekly frequency and duration
of: moderate and/or vigorous activities, walking,
and hours spent in a sitting position. The level
of physical activity was converted into a score,
indicating the metabolic equivalent of task energy expenditure estimated by using the specific
algorithms.16, 17
Statistical analysis
The Kolmogorov-Smirnov test has been used
for verifying data distribution. sEMG data were
expressed as a percentage of the maximal isometric voluntary contraction. Activation of the same
muscles in the two exercises were compared
within the same group and compared between
groups by an analysis of variance (ANOVA) for
repeated measure. A post-hoc Bonferroni analysis was conducted when necessary. A one-way
ANOVA was used to compare IPAQ scores between groups. Significance was fixed at P<0.05.
Statistical analyses were conducted by using
SPSS 13.0 software.
Results
None of the subjects used a cane or reported any episodes of falling in the previous year.
Most data showed a normal distribution. All
participants correctly performed the test. Table
I shows the percentage of the maximal sEMG

Table I.—The mean (standard deviation) of the surface electromyographic activation, expressed as a percentage of the maximal
surface electromyographic activity during the exercises A and B in subjects of the three groups. The activation of the rectus
femoris is similar, whereas the activation of the postural muscles changes in the two exercises.
Rectus femoris
ex A

Group 1
18-35 years
Group 2
36-64 years
Group 3
≥ 65 years
Within group
Between groups
Interaction
tests x groups

Biceps femoris
ex A

ex B

20.40
20.15
(10.59)
(10.09)
28.24
29.19
(22.02)
(23.63)
34.83
38.27
(14.65)
(17.81)
F1.39=3.53
P=0.068
F2.39=3.21
P=0.051
F2.39=2.15
P=0.130

Ex B

17.30
10.65
(8.48)
(9.32)
17.84
9.09
(7.17)
(7.86)
26.31
16.73
(12.10)
(12.06)
F1.39=66.12
P<0.0001*
F2.39=3.36
P=0.045*
F2.39=0.74
P=0.485

Right rectus abdominis
ex A

ex B

6.86
14.24
(3.64)
(5.47)
8.32
17.45
(4.92)
(8.72)
7.46
17.72
(3.28)
(7.06)
F1.39=86.40
P<0.0001*
F2.39 = 0.97
P=0.388
F2.39 = 0.77
P=0.472

Left rectus abdominis
ex A

ex B

5.91
16.76
(5.80)
(15.32)
6.94
16.24
(3.26)
(8.01)
7.23
15.44
(2.43)
(5.16)
F1.39=55.16
P<0.0001*
F2.39=0.006
P=0.994
F2.39=0.37
P=0.696

Abbreviations: ex A, exercise A; ex B, exercise B; *P<0.05.
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Table II.—Mean (standard deviation) of IPAQ scores in the
study participants in the three groups.
IPAQ score

Group 1
18-35 years
Group 2
36-64 years
Group 3
≥65 years
P

4403.6 (2761.74)
3172.0 (2908.6)
2938.4 (2100.9)
0.288

activation of each muscle in the two positions
in the three groups. The within-group ANOVA
analysis showed a different sEMG activation of
fixation muscles between exercises A and B in
all three groups, whereas activation of the rectus
femoris (RF) did not change between the two
exercises. In particular, exercise B in comparison
to exercise A had a pattern of decreased activation of the biceps femoris (BF) and increased
activation of the two rectus abdominis (RA)
(BF, P<0.0001; rightRA, P<0.0001; leftRA,
P<0.0001; RF, P=0.068). The ANOVA between
groups showed a significant difference only in BF
activation (P=0.045). Nevertheless the post-hoc
analysis did not demonstrate any significant difference between the groups. The interaction test
per group never reached statistical significance.
As Table II shows, no significant difference was
found when comparing the IPAQ score among
the three groups (P=0.288).
Discussion
The elevation movement of one lower limb
from the supine position requires the postural
activation of the biceps femoris and the abdominal muscles (which determines pelvic retroversion), whereas the hip flexor muscles of the
raised limb induce pelvic anteversion.3 When
the elevation of the right lower limb at 45° is
reached by raising the right lower limb (exercise
A), an important activation of the biceps femoris and mild activation of the abdominal muscles have been previously described. By contrast,
increased activation of the abdominal muscles
(which are already active because of the elevation of both lower limbs) and reduced activity
of the biceps femoris are recorded when the po-
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sition is reached by putting the left lower limb
down on the bed after both legs have been raised
(exercise B).
Our data showed similar postural behavior in
all studied subjects, regardless of their age. The
comparison between groups showed a significant
difference in BF activation. This data could be
explained by the difficulty of older subjects to
lie in prone position and, consequently, to exert
the BF MVC or by the fact that the lower limb
muscles of older adults have reduced mass 19 so
they need greater muscle activity to counteract
the anterior rotation of the pelvis. However, aim
of the study was to compare muscular activation
in the two exercises to see if older adults have the
same activation patterns of fixation muscles as
young adults more than to compare the muscular activations between groups.
Older adults recruited in this study had
physical activity levels similar to young adults,
as documented by the fact that there is no difference between groups in the IPAQ score. This
condition has probably been determined by the
characteristics of the study participants’ enrollment. Selection bias could be determined by the
requirement that study participants must be able
get to the laboratory. This influenced the selection to subjects who were able to walk, to drive,
or, at least, to take taxi, bus or subway to reach
the laboratory, which is situated in the town suburbs. For this reason it is not possible to ensure
that similar results would be recorded in sedentary older adults.
Activation of fixation muscles in older adults
has never been studied; however, it could be
speculated that the presented data could seem to
contrast with data in the literature about alterations in the anticipatory postural adjustments
(APAs) in older subjects.10, 20 Even though APAs
and activation of fixation muscles have different
mechanical objectives, they are both postural
mechanisms.2 A possible explanation of the difference between the unimpaired fixation mechanism and the impaired APAs could be caused by
the poor engagement of the locomotors system
in the studied position. In fact, to maintain the
right lower limb raised from the supine position
the balance control is unnecessary, the joints are
not stressed because an inertial moment is not
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applied to the body segments and great body
masses are not moved. Since older adults are often affected by osteoporosis 21 and osteoarthritis,
it is reasonable to speculate that a sort of muscular inhibition could affect the motor tasks most
engaged.22
Limitations of the study
A limitation of the study method could be
the cross-talk phenomena affecting the surface EMG signals. Even if it is not possible
to exclude this bias, the study tried to reduce
crosstalk by using small (15-mm diameter)
electrodes placed close to each other (30 mm
apart). Moreover, the large size of the studied
stabilizing muscles decreases the possibility of
the crosstalk phenomena. By contrast, considering the record of the rectus femoris sEMG, it
is much more difficult to exclude crosstalk with
the other bellies of the quadriceps or with the
lateral wall of the abdominal muscles. However
this possibility may not affect the results concerning the stabilization muscle patterns.
In this study, older adults fixation mechanism ability has been proved only by achieving
a position in two different ways. To generalize
the results, it may be interesting to study different situations in which more fixation mechanisms could be tested.
Conclusions
The experimental question of this work was
whether a reduction of motor skills provokes an
alteration in the activation of muscle fixation.
To answer this question, subjects of different
ages have been studied. It could be speculated
from our results that old age is not connected
with impaired fixation muscles activation. In a
group of older adults without disease and who
lead an active life, the activation patterns of
muscles involved with a fixation role resulted in
data comparable to those obtained from younger subjects.
Assuming that motor abilities decrease with
the passing of time,23-25 impaired activation of
muscles when they have a fixation role does not
seem to be related to a decrease in motor skills.
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