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EDITORIAL

The discussion of clinical cases as an example
of linking scientific research and clinical activity
R. GATTI
IRCCS San Raffaele Institute, Milan, Italy

S

imilarly to the past years, in the third issue of
the Italian Journal of Physiotherapy we publish the acts of the yearly National Congress of
the Italian Society of Physiotherapy (S.I.F.).
The Congress, which took place in Naples,
had the therapeutic exercise as topic, and was in
general a success: it had a good participation, the
oral communications and posters witnessed the
development of Italian physiotherapy research
and the invited researchers offered excellent
speeches.
Nevertheless, the S.I.F. management decided
to propose a different typology of National Congress in 2014. Prior to explaining the idea of the
new Congress it is useful to make some considerations.
Since its foundation the Italian Society of
Physiotherapy has been promoting the integration of scientific research with the clinical
activity made by physiotherapists. More generally, for Italian physiotherapists the application
of research in clinical practice is considered an
important topic. This idea probably reflects the
condition in which Italian physiotherapists produce their studies. Only a very little number
of physiotherapists are involved in this activity
alone. All others have to find time and energy
for the scientific research without decreasing the
time dedicated to clinical practice, often without
any kind of support. In fact, Italian physiotherapists are not inserted in Italian academic world
and the main objective of Hospitals is to offer
diagnosis and therapy to patients and not to produce research.

Vol. 3 - No. 3

On one hand, this condition is a weakness of
Italian physiotherapy research but, on the other
hand, it represents an interesting opportunity.
The existence of the weakness is demonstrated
by the low number of papers published on indexed journals by Italian physiotherapists in
comparison with other countries as Belgium,
Netherland, Australia, Canada, United States
etc. Conversely, the explained condition allows
two points of strength. It facilitates the clinical
relevance of the studies. Often, the hypothesis of
these studies derives directly from clinical observations or clinical questions raised by the same
physiotherapists during their clinical activity.
Moreover, it requires passion and motivation,
contributing to the development of a professional Community. It is not easy to find energies for
developing a research study after 8-10 hours of
clinical activity. Younger colleagues more times
have told me that their passion for the work is facilitated by the example of less young colleagues.
Finally, an intriguing observation is that, even
if the number of papers published by Italian
physiotherapists is not elevated, it becomes fairly
good when we compare this number with that of
physiotherapists of other countries not involved
only in research. It is possible to make this analysis looking at the number of papers published
in indexed journal by physiotherapist without
PhD.
In order to underline the connection between
clinical practice and scientific research the S.I.F.
management proposes for the 2014 a Congress
based on discussion of clinical cases of subjects
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with musculoskeletal, neurological and respiratory disorders. Clinical cases will be presented
by video and discussed by physicians about their
diagnosis and medical therapy. Later on, physiotherapists will present the functional evaluation,
the objective of the physiotherapy treatment, the
outcome measures and the planning of physiotherapy treatment. These physiotherapists have
been chosen for both their specific expertise and
knowledge of scientific literature. Finally, the last

part of all the clinical cases will be a discussion
with the participants of the Congress.
The idea is original and, even if the organization of the videos that will be presented is
complicated, this kind of Congress answers to
the mission of the S.I.F. about the integration
between scientific research and clinical activity.
Moreover, it will be an opportunity for exploiting the characteristics of Italian physiotherapy.

Corresponding author: R. Gatti, IRCCS San Raffaele Institute, Milan, Italy. E-mail: roberto.gatti@sif-fisioterapia.it
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INTRODUCTION AND PROGRAM
The objective of the S.I.F. Congress 2013 has been to underline both the rationale and specificity of therapeutic exercise
and to give examples about its applications in the most frequently occurring motor impairments. The Congress attempted
to answer the question “Does the therapeutic exercise specificity exist?”.
PROGRAM
Friday 24 May 2013
Morning
9.00 - 9.10
Morning 9.00 - 9.10

Congress presentation
Paolo Pillastrini, Bologna (S.I.F. President)
Session I: therapeutic exercise in balance impairments
Chair: Andrea Turolla

9.10 - 9.50
Lecture
Morning 9.00 - 9.10	Postural organization and sensory-motor control in voluntary movement: implications for
therapeutic exercise
Morning 9.00 - 9.10
Luigi Tesio, Milan
9.50 - 10.15
Balance treatment after lower limb joint lesions
Morning 9.00 - 9.10
Antonio Poser, Conegliano
10.15 - 10.40
Balance treatment in Central Nervous System lesions
Morning 9.00 - 9.10
Davide Cattaneo, Milan
10-40 - 11.00
Discussion
11.00 - 11.15
Coffee break
11.15 - 11.40
Balance treatment by biofeedback
Morning 9.00 - 9.10
Stefano Vercelli, Veruno
11.40 - 12.25
Oral communications
12.25 - 12.45
Discussion
12.45 lunch
Friday 24 May 2013

Afternoon

Session II: debate about concepts of neurological physiotherapy
Chair: Roberto Gatti
13.45 - 14.25
Lecture
13.45 – 14.25
Early prediction of outcome after stroke: what is clinically relevant?
13.45 – 14.25
Gert Kwakkel, Amsterdam
14.25 - 15.25
Round table - Chair: Roberto Gatti
13.45 – 14.25
Physiotherapy after stroke: debate about concepts
13.45 – 14.25	Rosario Fiolo (Palermo), Psiche Giannoni (Genoa), Gert Kwakkel (Amsterdam),
Thieme (Kreiska)
15.25 - 15.45
Discussion

Holm

15.45 –16.00 Coffee break
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Session III : strength training
Chair: Antonio Poser
16.00 - 16.40
13.45 – 14.25
13.45 – 14.25
16.40 - 17.05
13.45 – 14.25
17.05 - 17.30
13.45 – 14.25
17.30 - 17.45

Lecture
Muscular activation physiopathology after joint lesion
Nicola Mafiuletti, Zurich
Training of muscles with arthrogenic inhibition
Andrea Tettamanti, Milan
Strength training in subjects with spasticity
Matteo Paci, Prato
Oral communication

Saturday 25 May 2013
Session IV: cognitive facilitations and technologies supporting the therapeutic exercise
Chair: Andrea Tettamanti
Morning

9.00 - 9.40
9.00 – 9.40
9.00 – 9.40
9.40 - 10.05
9.00 – 9.40
10.05 - 10.30
9.00 – 9.40
10.30 - 10.55
9.00 – 9.40
10.55 - 11.15

Lecture
Mirror neuron system and rehabilitation
Giovanni Buccino, Catanzaro
Motor imagery: to imagine to the motor performance
Roberto Gatti, Milan
Action observation treatment: to watch the motor performance
Elisa Pelosin, Genoa
Mirror therapy for improving motor function after stroke
Holm Thieme, Kreiska
Discussion
11.15-11.30 Coffee break

11.30 - 11.55
9.00 – 9.40
11.55 - 12.20
9.00 – 9.40

Robotic systems in physiotherapy
Pietro Morasso, Genoa
Exercises performed in virtual realities
Andrea Turolla, Venice

12.20 - 12.50
12.50 - 13.00

Oral Communications
Discussion
13.00 Lunch

Saturday 25 May 2013
Session V: therapeutic exercise in musculoskeletal disorders: debate about proposals
Chair: Stefano Vercelli
14.00 - 14.40
Lecture
9.00 – 9.40
Low Back Pain: subgrouping classification and Clinical Prediction Rules
9.00 – 9.40
Antony Delitto , Pittsburgh
14.40 - 15.05
Musculoskeletal pain modulated by exercise
9.00 – 9.40
Marco Testa, Savona
15.05 - 16.15
Round table - Chair Silvano Ferrari
9.00 – 9.40
Therapeutic exercise in low back pain: debate about proposals
9.00 – 9.40	Anthony Delitto (Pittsburgh), Sara Luetchford (Milan), Robert Valentiny (Lugano), Marco
Testa (Savona)
16.15 - 16.30
Discussion
16.30-16.45 Coffe break
16.45 - 17.15
17.15 - 17.30
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SESSION I
THERAPEUTIC EXERCISE
IN BALANCE IMPAIRMENTS

The sensory information needed for movement control is
conveyed, in order of decreasing importance, by three sensory
systems: joint position sense (“kinaesthesia”, KIN), vestibular
sense (VEST) andvision (VIS). The main receptors involved
in KIN are the muscle spindles. In themselves, they transduce
muscle length and length changes. Although unconscious,
this information feeds the neural pathways ultimately giving
rise to perception and control of joint position, joint rotation
and, to a relevant extent, also of joint torques.1 Each of the
three sensory systems is assigned a different relative weightin
individual persons, and it must be continuously adapted to the
environmental conditions and the expected perturbations. For
instance, VEST must be “up-weighted” in darkness or when vision is unreliable (e.g. due to the lack of a really firm visual “anchors”, like the cabin walls in a rolling boat). Also, re-weighting
is needed in pathologic conditions affecting one or more of the
three above cited senses (e.g. Multiple Sclerosis 2 and the often
overlooked peripheral neuropathies).3 The more reliable sys-

tems should receive priority, and the affected systems should be
up-weighted. Unfortunately, when KIN or VEST are impaired
a tendency to excessive up-weighting of VIS, called visual preference (PREF), is common. Developing PREF is self-defeating
as long as it prevents up-weighting of the residual KIN and
VEST information.
The main application of these observations to therapeutic
exercise is the “weaning” approach.2 This is based on making
the “preferred” sense unreliable, thus forcing the motor control
to up-weigh the neglected senses (e.g. VIS can be made unreliable through frosted glasses).
On the motor side of motor control a critical role is played
by the anticipatory postural actions (APA). These are unconscious contractions of muscles far from those engaged in the
conscious part of the willed movement. For instance, in lifting
a weight with the right hand, a long chain of muscles is recruited, spanning from the right hand to the left leg. Synaptic
facilitation (shown through elegant H-reflex studies) of spinal
motoneurones potentially engaged in APA always anticipates
the facilitation of the motoneurones involved in the conscious
(“focal”) movement.4 Chaining is needed to “attach mass” to
the hand, thus providing the inertial reactions preventing the
displacement of body segments towards the weight (and ultimately, a fall towards the lifted object). Surface electromyographic recordings (EMG) can easily show the spatio-temporal
sequence of muscle activation along the plane of action, according to what Tesio defined as the “fan” rule (Figure 1).2, 5
Even in fast ballistic movements, where sensory feed-back is
impossible, programming APA requires a continuous“sensory
upgrade” signalling the starting mechanical conditions. Wrong
APA can be the cause of weakness (paresis) and /or incoordination (ataxia) of the willed movement,6 even when the “focal”
movement in itself is not affected.
The main application of these observations to therapeutic exercise is the idea of testing APA whenever paresis and/or ataxia
are observed. If APA show a disordered sequencing, timingor intensity, they should be trained. This is not an easy task. APA are

Figure 1.—The “fan rule” for predicting the muscles “chained”
in an Anticipatory Postural Action (APA). The plane of movement should be considered. Muscle acting on that plane should
be considered, more distant from the “focal-voluntary” muscles,
the more these provide higher forces.

Figure 2.—The “dynamic EMG biofeedback  for postural training. The technique allows the patient-therapist pair to appraise
the onset of the contraction of one focal (here: the lateral gastrocnemius) and one postural muscle (here, the lateral Vastusfemoris) during a voluntary task (here: raising on tiptoes).The
surface EMG from both muscles is converted into a sharp tone
conveyed to either ear. (Tesio L et al.7) – reproduced with permission).

Understanding sensory-motor organization
and anticipatory postural actions in voluntary
movement: suggestions for therapeutic exercise.
L. TESIO 1, A. CARONNI 2
di Scienze Biomediche per la Salute, Università degli Studi,
Dipartimento di Scienze Neurorabilitative, Istituto Auxologico Italiano,
IRCCS, Milano, Italia
2Scuola di Specializzazione in Medicina Fisica e Riabilitativa, Università
degli Studi di Milano, Milano, Italia
Corresponding author: L. Tesio, Dipartimento di Scienze Biomediche
per la Salute, Università degli Studi, Dipartimento di Scienze Neurorabilitative, Istituto Auxologico Italiano, IRCCS, Milano, Italia. E-mail:
luigi.tesio@unimi.it
1Dipartimento

Vol. 3 - No. 3

ITALIAN JOURNAL OF PHYSIOTHERAPY

75

INVITED LECTURES

fully unconscious and imply time-locking of long muscle chains,
wheremuscles can be activated some 10-150 ms one after the other.An “implicit” teaching-learning approach has been proposed,
based on exercises a) requiring fast pre-programmed focal movements, and b) providing the subject with on-line feedback of the
muscle sequencing. This can be achieved through dedicated devices providing the patient-therapist pair with acoustic tones emphasizing the onset of the EMG signalsfrom two chained muscles
(“dynamic EMG biofeedback”) (Figure 2).7
By trial and error, an occasionallycorrect between-muscle
timing can be signalled to the subject, thus providing a classic
conditioning reward.
To sum up, voluntary movement is largely based on unconscious sensory and motor control mechanisms. “Weaning” and
“dynamic EMG biofeedback” may help both the detection and
the treatment of sensory-motor deficits potentially sensitive to
implicit training.
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The control of balance is a complex sensory-motor function and requires a central integration of multiple sensorial afference in order to generate context-specific motor responses
which lead to an antigravity stabilization. The various types
of sensory information (proprioceptive, visual, and vestibular)
can be selected in different ratios, depending on the motor
task. The damage of any of these levels affects the output of the
postural stabilization system and therefore it can potentially
increase the postural instability with a consequent increased
risk of further joint damages and falls. Literature suggests that
following a trauma or surgery involving the lower limb, an alteration of motor control occurs, which is both related to local
factors and to a modification of the function of motor control
at central level, involving not only the affected joint, but also
those joints part of the kinetic chain and those of the contro-
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lateral limb.1-3 Nowadays rehabilitation to balance is a shared
objective in orthopedics and it is present in orthopedic and
post-surgical re-education manuals. This goal has to be pursued with greater attention in two particular groups of patients:
athletic population, since the athletic gesture requires greater
balance, and in the elderly population, because of the decay
of the cognitive processes that underlie this function. Scientific research has recently opened an interesting perspective in
the field of re-education, studying the role that attention plays
in the performance and learning of motor tasks. People commonly think that the function of balance does not require any
specific attention or effort in daily physical activities, but it has
been proved that it is necessary to allocate to this function part
of the attentional skills. The ability of the nervous system to
elaborate information in a certain time is limited (bottle-neck
effect), so if while performing a motor task, an accessory one
(motor or cognitive) is associated, and its required attention
exceeds the processing capacity of the CNS, the consequence
is the deterioration of the accessory and/or primary task. Not
always the accessory task has a negative effect, in fact it can
improve both the primary motor performance and the learning
4 of it. The explanation of the phenomenon is that if the accessory task is particularly complex and requires a lot of attention,
then there will be a decay in the performance, but if the accessory task does not subtract excessive attention and moves it
outwards, then an improvement of the performance will occur.
In fact, if during the performance of a motor task the focus
is directed towards the body or the movement itself (internal
focus), this can interfere with the automatic processes of movement control, making it less fluid and slower. On the contrary,
if the focus is directed towards the environmental effects of
the movement (external focus), the unconscious and automatic
adjustments are free and this will lead to a better performance
and learning of the motor gesture.5
The implementation of these new indications in our daily
practice does not imply an increase in the time to dedicate to
exercise of balance, nor particularly complex and expensive
equipment.
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According to data collected from EHLASS 1 about 20 million European inhabitants are victims of domestic accidents
and falls represent 78% of these accidents. Rate of falls is even
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higher for subjects with neurological conditions: 46% and
63% of subjects with Parkinson’s Disease (PD) and Multiple
Sclerosis (MS) fall within only 3 months respectively.2 3 This
is in keeping with other studies showing  a prevalence of falls
ranging between 23% and 73%  over a period of 4–6 months
in subjects with stroke..
Balance rehabilitation for subjects with neurological condition is generally performed using a variety of approaches. In
the last decade, the task oriented approach,, muscle strengthening and aerobic training 6 have been proposed to ameliorate
balance and reduce falls.
Reviews and meta-analysis are now available suggesting a
little but beneficial effect of rehabilitatiovion mobility and balance but further studies are needed to strengthening the results
and to compare the effect of the aforementioned approaches.
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Figure 1.—Balance training with the Wii Balance Board (WBB).
The WBB possess characteristics similar to a research-grade force
plate and contains transducers used to assess force distribution and
the subsequent movements of an individual’s center of pressure.
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Visual biofeedback/forceplate systems are often used for
treatment of balance disorders. A positive effect of force platform feedback training was found to train stance symmetry,
but no clear evidence was found in clinical standing balance
and walking abilities outcomes.1 Thus, the use of both force  

platform and traditional balance training may provide an effective and engaging rehabilitation regimen to improve balance. An increasingly popular system for balance training is the
Nintendo Wii Balance Board (WBB), which combines forceplatform technology with the entertainment value of gaming
(Figure 1). The WBB stimulates movement whereby users react
to what they see on the screen and are provided with real-time
visual and auditory feedback of their performance.
Recently, Clark et al.2 suggested that the balance board is
a valid and reliable tool capable of objectively assessing postural stability in a healthy population. However, the Wii balance tests may not accurately represent functional balance and
mobility deficits, and should not be used alone as balance outcome measure. Moreover, balance scores from Wii Fit activities
generally had poor intrasession and intersession reliability and
high minimal detectable change scores, and they should not be
used as an objective measure of progress during rehabilitation.

Table I.—Characteristics of different protocols that used the Nintendo Wii on balance training.
1st Author (Year)

Prosperini L (2013)
Brichetto G (2013)
Nilsagard YE (2012)
Jorgensen MG (2013)
Esculier JF (2012)
Bateni H (2012)
Gil-Gomez JA (2011)
Betker AL (2007)
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Session duration

Session/week

N. of sessions

Games

30’
60’
30’
35-40’
40’
30’
60’
30-45’

5
3
2
2
3
3
3-5
2-3

48
12
12
20
18
12
20
12

Wii fit plus
Wii fit
Wii fit plus
Wii fit
Wii fit + golf or bowling
Wii fit
Custom made
Custom made
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The games include elements that clinicians use in their
interventions, but these may need to be enhanced or modified. A stronger benefit of WBB training was observed on
static balance, but not on dynamic balance, walking speed,
and QoL.3 Interventions that combine the balance board
with exercises that require stepping and walking may be more
effective than using the balance board alone. However, there
is no consensus on how often or for how long balance exercise should be given in order to achieve a substantial change
(Table I). Further research is required to examine the postural
control strategies used when playing the Wii Fit videogames,
in order to develop clinical recommendations related to its
possible application in a rehabilitation setting. The use of recently released balance-specific software with the WBB may
be more promising to improve balance than programs for
general physical activity.4 Anyway, the decision to incorporate
an interactive video game such as the WBB is based on the
clinician’s clinical reasoning.
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Knowledge about factors that determine final outcome
of ADL after stroke is important for early stroke management in order to set adequate rehabilitation goals, enable
early discharge planning, and to correctly inform patients
and relatives.1 The current trend to shorten the length of
stay in hospital stroke-units, as well as the increasing demand for efficiency in the continuity of stroke care, imply
that knowledge about the prognosis for outcome in terms
of basic ADLs such as dressing, mobility and bathing is
crucial to optimize stroke management in the first months
post stroke. Knowledge about functional prognosis is also
important to adequately design future trials in stroke rehabilitation. In particular, identifying subgroups of patients
that may benefit most from a particular intervention and
stratifying patients into prognostically comparable groups
will prevent underpowered studies (i.e., type II error) especially since the effects of stroke rehabilitation are relatively
small when compared to the variability across patients that
are included in clinical trials.2

Figure 1.—Who shows upper limb recovery?
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A number of recently published observational studies
suggest that the degree of recovery after stroke is already
largely defined within the first days. This latter finding
also suggests that the effectiveness of a particular therapy is not only determined by the most effective therapy
but is also dependent on selecting appropriate patients
that show some potential for functional recovery after
stroke. With that, making adequate prognosis by a stroke
rehabilitation team will increase the efficiency of stroke
services and reduce costs. In the present lecture findings from the ‘Early Prediction of Outcome after Stroke’
(EPOS) study will be presented. EPOS is a prospective
cohort study aimed to determine if outcome in terms of
upper limb function, lower limb function and Activities
of Daily Living (ADL) at 6 months after stroke can be
accurately predicted in hospital stroke units using clinical parameters measured within 72 hours after stroke.
Reassessment on days 5 and 9 was used to check whether
accuracy changed over time. In EPOS it was found that
simple bedside tests such as finger extension and shoulder
abduction for the hemiplegic arm,3 sitting balance and
lower limb strength for gait at 6 months 4 can be accurately predicted in a hospital stroke unit within 72 hours
after stroke onset. Day 5 proved to be the earliest time for
making an optimal prediction of final outcome of ADL,
suggesting that the BI should be preferably measured at
the end of the first week post stroke. 5, 6
Future studies should meet the key methodological criteria for valid prognostic research and should externally
validate their prediction models before implementation
(Veerbeek et al, 2011b; Kwakkel et al, 2013). In addition,
time-dynamic models are needed to optimize the precision
of prediction rules in individuals irrespective of the timing
of assessment poststroke. Neuroimaging and neurophysiological techniques such as repetitive transcranial magnetic
stimulation (rTMS), diffusion tensor imaging (DTI) may
be used to optimize clinical models by taking the reversibility of neurological damage and functional reorganization
into account (74). Finally, to develop prediction models in
patient subgroups and to improve the precision of validated
models, large cohorts are needed and the development of a
world-wide network. (Kwakkel et al, 2013)
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Effective rehabilitation may be hindered by the patient’s inability to completely voluntarily activate a skeletal muscle
– despite its integrity – as is common following joint injury
and surgery as well as with painful joints (e.g., in patients
with osteoarthritis, total knee arthroplasty,anterior knee
pain, following anterior cruciate ligament rupture and reconstruction, after meniscal damage and menisectomy).1
Such neuromuscular deficit, commonly referred to as arthrogenic muscle inhibition (AMI), has been initially identified
as one of the consequences of skeletal muscle weakness and
atrophy consecutive to joint injury.2 In the last few years,
however, AMI has been increasingly viewed as the causative
factor of specific neuromuscular disorders ultimately resulting in joint degeneration, and therefore it is considered by
some as the precursor of joint osteoarthritis.3
AMI is generally thought to originate from an abnormal
afferent feedback to the spinal cord from damaged joints,
and therefore it is also defined as an ongoing reflex response
of muscles.4 Thus, AMI has traditionally been linked to factors that may alter afferent discharge such articular swelling,
inflammation, joint laxity and damage to articular receptors.5 However, the exact role and the relative importance
of these factors are not well understood,5 while supraspinal
mechanisms associated with pain inhibition have been completely overlooked. AMI should instead be viewed– more
particularly by physical therapists – as being regulated by
damage-induced and pain-related alterations potentially occurring at all levels of the neuraxis and involving different
sites and processes, e.g., changes in cortical maps, motor
command, descending drive, motor unit activity and sensory
feedback. It is tempting to suggest that supraspinal centers
potentially influencing AMI would deserve more attention.
The extent of AMI can be estimated in vivo by delivering transcutaneous electrical stimuli to the peripheral nerves
during a maximal voluntary contraction, while measuring the eventual extra-force evoked by the stimulation
(the so called twitch interpolation or burst superimposed
techniques).1Unfortunately, the use of these techniques is
mainly restricted to research laboratories. Assessment of AMI
in routine clinical practice, which is today accessible thanks
to methodological advancements, and the implementation
of rehabilitation strategies aimed at restoring voluntary muscle activation (e.g., neuromuscular electrical stimulation,
preventive strategies such as contralateral strength training
and imaginary strength training), have the potential for improving patient management of neuromuscular function.
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The primary aim of rehabilitation after articular surgery or
lesion is to restore knee function to pre-injury levels in order
to promote long-term articular health. Reaching this goal is really difficult, often it is not achieved, as many subjects have to
face with neuromuscular deficits many months after lesion or
surgery that could lead to symptoms associated with articular
instability. Muscle weakness is among the persistent neuromuscular deficit associated with joint injury and it presents the major rehabilitation challenge for patients and physiotherapists.
A definite etiology of muscle weakness associated with joint
injury is unclear. There is evidence that arthrogenic muscle
inhibition (AMI), and perhaps muscle atrophy, are primarily
responsible for strength decrease.
Typical rehabilitation protocols focused on active exercise
could be ineffective, as AMI prevents complete muscle activation. In summary, the cause of muscle weakness after joint
lesion must be considered when preparing rehabilitation protocols.
If we are able to remove AMI very early in the rehabilitation
process, the resulting strength deficits will be minimized (and
consequently will be reduced the muscle atrophy); this should
lead to a quicker recovery and return to activity.
Rehabilitation approaches to minimize AMI can be divided
in two major areas: targeting the sensory side and targeting the
motor side.
Starting with the sensory side, cryotherapy often is applied
early after lesion or surgery in order to delay inflammation and
reduce pain. Cooling the joint may serve also to decrease AMI.
In fact decreasing the temperature could result in a decrease of
nerve conduction velocity and could slow down the discharge
rate of joint mechanoreceptors. This could lead to diminished
afferences delivered to the central nervous system and so a decrease in inhibition. Transcutaneous electrical nerve stimulation (TENS) is sometimes used in AMI rehabilitation. As cryotherapy, it may be effective in reducing AMI because it reduces
presynaptic inhibition, that appears to contribute to AMI.
About the motor side, neuromuscular electrical stimulation
(NMES) is a promising intervention. AMI prevents the complete recruitment of motoneurons, but electrical stimulation
could allow the direct recruitment of the inhibited motoneurons.
Another attempt to recruit inhibited motoneurons is biofeedback, particularly using EMG-biofeedback. This is used to
aid subjects in increasing voluntary control over physiologic
processes (e.g., motor unit recruitment) that are otherwise involuntary.
In the last years new approaches have been studied. An
ongoing study is analyzing the hypothesis that muscle inhibition, residing not only in spinal mechanisms, also has a close
relationship with some cognitive and/or motor programming
aspects.
The preliminary results of this study show that by execut-
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Figure 1.—In this figure are represented the 2 different gestures
that were requested to the subjects post-knee surgery (during
the real gesture the contraction was isometric, so no movement
was permitted). EMG activation during task 2 was higher than
during task 1, despite a greater pain (measured with VAS scale).

ing two different gestures involving the muscle inhibited in
subjects post-knee surgery, I get two different levels of EMG
activation.
If AMI can be minimized early following joint lesion, its
negative consequences can be reduced. The best strategy to
maximize strength must include interventions focused on inhibition in addition to the classic exercises that are focused on
minimizing atrophy.

Strength training in patients with spasticity
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Contemporary research evidence documents that weakness
is the primary impairment in persons poststroke.1 Weakness
following stroke is referred to as either hemiparesis - mild to
moderate degree of weakness - or hemiplegia - severe or complete loss of motor function on one side of the body.2 Positive
effects of resistance exercise have been demonstrated in persons
with poststroke hemiplegia. Clearly, hemiparetic weakness is
more complex than muscular factors alone, which underscores
the need to delineate the rationale for strengthening interventions.
A number of investigations suggests a relationship between
muscle weakness and performance at functional activities.
However, despite it has been shown that resistance exercise
leads to increased muscle strength, evidence supporting the use
of strengthening regimens to reduce limitations in functional
activity is equivocal.3
Resistance training has been defined as “specialized method
of conditioning, which involves the progressive use of a wide
range of resistive loads and a variety of training modalities designed to enhance health, fitness, and sports performance”.4
and usually includes a wide range of interventions. In the past,
strength training in persons with spasticity has been controversial. Bobath 5 advocated that decreased muscle strength was
due not to weakness but to the opposition of spastic antagonists and that strenuous activity would increase spasticity and
reinforce abnormal movement.6 Recent findings show no effect of strength or resistance training on spasticity,1, 2, 6-8 at least
for patients with mild motor impairment and spasticity.
As reported in recent systematic reviews aimed to determine
whether resistance training is effective in improving functional
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Table I.—Summary of trials.
Trial

Aetiology

Participants

Intervention

Outcome

Muscle tone at
baseline

Results

Butefisch stroke
et al, 1995

N=27;
isometric and
MAS  - No. 		
mean age 61.5;
isotonic strength training muscles not
3–19 weeks poststroke 2 times/day for 15 minutes reported
for 2 weeks

Not available

Reduction in
spasticity

Platz et al, stroke
2005

N=62;
mean age 61;
4–6 weeks poststroke

Isotonic, graded resistance MAS
training 20 additional elbow flexors
trattaments of 45 min for
4 weeks

Not available

Spasticity
not increased

Te x e i r a - stroke
Salmela et
al, 1999

N=13;
mean age 69.4;
6.4 years poststroke

Progressive resistance
3 days/week for 10 weeks

Pendulum test

Not available

Spasticity
not increased

Flansbjer
et al,
2008

N=24;
mean age 61±5;
6-48 months
poststroke

Progressive resistance
2 days/week for 10 weeks

MAS
7 muscles lower
limb

MAS: 1-8/35

Spasticity
not increased

Moreland stroke
et al, 2003

N=62;
mean age 61;
4–6 weeks poststroke

Progressive resistance
MAS
additional inpatient trat- muscles not
taments 3 days/week
reported

MAS: < 1

Spasticity
not increased

Engsberg Cerebral
et al, 2006 palsy

N=12;
mean age 9.9;
spastic diplegia

Progressive resistance
3days/week for 12 weeks

MAS,
ROM

Not available

Reduction in
spasticity

Scholtes et Cerebral
al, 2010
palsy

N=49;
mean age 10.4

Strength training
3 days/week for 12 weeks

Clinical (yes/no)

No more than 1
muscle group

Spasticity
not increased

stroke

MAS: Modified Ashworth Scale; ROM: Range of Motion

outcome,7-9 the rate of studies which analyse the effects of resistance training on spasticity represents less than 20%. Five of
them included patients following stroke 10-14 and two studies
involved patients with cerebral palsy.15, 16 No increased spasticity was reported in five studies 11-14, 16 and two studies found a
reduction of muscle tone.10, 15
However, the studies failed to report information (i.e. spasticity at baseline, values of outcomes for spasticity) and they
include samples with heterogeneous characteristics. In addition, most studies used the Modified Ashworth Scale, but its
reliability and validity is not yet defined.
In conclusion, a resistance/strength training seems to have
no effect on spasticity for patients with mild motor impairment and spasticity (Table I).
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TECHNOLOGIES SUPPORTING THE
THERAPEUTIC EXERCISE
Mirror neuron system and rehabilitation
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It is now a well accepted notion in neurophysiology that
the observation of actions performed by others activates in the
perceiver the same neural structures responsible for the actual
execution of those same actions. Areas endowed with this action observation- action execution matching mechanism are
known as the mirror neuron system.
Action observation treatment (AOT) is a novel rehabilitation approach exploiting this mirror mechanism for motor
recovery and speech rehabilitation. During one typical rehabilitation session patients are required to observe a specific objectdirected daily action (e.g. having a coffee) presented through
a video-clip. The presented action is divided into four motor
segments. Each motor segment is typically seen for 3 minutes
so that the whole duration of a video clip is 12 minutes. After
observing a motor segment for 3 minutes, patients are required
to execute what observed for 2 minutes. Objects used in the
video-clip are provided at hand. As a whole a typical rehabilitation session takes half an hour A typical AOT session takes
about half an hour. A few minutes are needed by the physiotherapist to explain the task to the patient and to motivate
him, then 12 minutes of observation (3 minutes for each of the
motor segments into which the action is divided) and finally
8 minutes of imitation (2 minutes for each motor segment).
The patient, during the imitation phase, has to perform the
observed motor segment at the best of his ability. Anyway he/
she is informed that the focus of treatment is the observation of
action, not its execution. A number of 15-20 daily actions are
practiced over a 3 to 4 week rehabilitation training.
So far there is evidence that AOT is effective in patients
with chronic stroke patients. In a small randomized controlled study, cases have shown significant score improvement in
all measured functional scales (Stroke Impairment Scale, Wolf
Motor Function test, Frenchay Arm test) as compared to controls. Moreover, following the treatment it has been assessed a
reorganization of those areas within the mirror neuron system
by means of fMRI.
This rehabilitation approach has been applied in the recovery of daily activities in Parkinson’s disease (PD) patients. As
compared to controls, cases have improved significantly in the
UPDRS and FIM scale. Similar positive findings have also been
obtained in PD patients with freezing of gait. In a very recent
randomized controlled study the role of AOT was also assessed
in the recovery of upper limb motor functions in children with
cerebral palsy aged 6-11 yrs. Case children were asked to ob-
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serve daily actions appropriate for age, while controls observed
documentaries with no specific motor content. Functional
evaluation was carried out by means of Melbourne assessment
scale of upper limb motor functions. Results showed that children undergoing AOT performed significantly better than
controls after treatment. Finally it is worth stressing that AOT
has been successfully applied in patients affected by non neurological diseases. In patients undergoing orthophedic surgery for
knee or ankle replacement, AOT led to a significant functional
improvement in all measured functional scales (FIM and Tinetti Scale) in cases as compared to controls. Moreover at follow up patients who needed crutches in their daily life were less
in the case group than in the control one. These findings have
been interpreted as a “top down” effect in neurorehabilitation:
the recruitment of the motor system caused by AOT may lead
to improvement of motor performance even in diseases which
affects the effectors peripherically, as in the case of orthopedic
diseases. Besides motor recovery, AOT has been used also in
speech rehabilitation: some recent studies have shown that the
presentation of videos depicting daily actions or other individuals pronouncing different syllables and words may improve
aphasic patients both at phonological and semantics levels.

Motor imagery: to imagine to the motor performance
R. GATTI
San Raffaele Scientific Institute, Milan, Italy
Corresponding author: R. Gatti, San Raffaele Scientific Institute, Milan, Italy E-mail: gatti.roberto@hsr.it

Motor imagery (MI) is the imagining of an action without
its actual execution. It is a process during which the representation of an action is internally reproduced within the working
memory without any overt output.1 A fast-growing number
of studies indicated that brain areas engaged in the actual performance of movements are also active during MI. It can be
argued that a solid theoretical basis exists for MI as a cognitive
phenomenon. This basis justified the application of MI as a
cognitive tool for rehabilitation.
Bovend’Eerdt TJ et al.2 underlined the best modalities for
the application of MI in rehabilitation. These are: 1) MI has to
be applied together with motor practice; 2) the amount of MI
has to be related to the imagination ability of subjects; 3) the
administration of external cues is recommended; 4) the correct
perspective of MI is the first person, except for the imagination
of difficult abilities where the first person is indicated; 5) MI
is especially indicated in the first part of motor learning; 6)
physiotherapist suggestions and feedback during MI practice
are useful; 7) MI has to consider different contexts.
Particularly important are the ratios of MI 3 and motor
practice during motor learning. MI is effective for high rates
of imagery (at least 50%), whereas the low rate of 25% was
found to be ineffective. More importantly MI at high rates
lead to similar performance as physical practice. In fact mental
rehearsal of 50 or 75% of the trials leads to a similar performance than actual execution of the same amount of trials. Finally, combination of imagery at high rates (50, 75%) with
physical practice is sufficient to lead to similar performance as
physical practice alone.
A consideration about the application of motor imagery
is what extent patients’ motor and cognitive impairments are
related to their ability to generate correct motor images. Heremans 4 evaluated the MI ability of multiple sclerosis patients
in comparison to controls. Several aspects of MI ability were
assessed, including vividness, accuracy and temporal organization. The author found that imagery vividness did not differ
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Figure 1.—Motor imagery (MI) vividness of all participants (mean ± SEM) during the different cueing types (Heremans E, 5).

between groups. Imagery accuracy, however, was significantly
lower in patients than controls. Moreover, significant correlations were found between imagery accuracy and patients’ cognitive functioning. Furthermore, differences between groups
were found in imagery duration. In general, patients were slower than controls during both execution and imagery. Whereas,
in controls, imagery was performed slower than physical execution, no differences were found in MS patients. In the patients,
imagery duration significantly differed between their most and
least affected body sides, indicating an association with motor
functioning.
Anyway, the ability of MI can be improved. In another
study Heremans 5 investigated whether external cues could
enhance MI performance in patients with Parkinson disease
(PD). Fourteen patients with PD and 14 healthy controls
physically executed and visually imagined a goal-directed aiming task and a box and- block task, both in the presence and
absence of visual and auditory cues. Results showed that visual
cues significantly increased the MI vividness (Figure 1), the
temporal isochrony between MI and execution, as well as the
speed of both the imagined hand movements and the patients’
eye movements, which are considered as an objective indicator
of MI.
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It is a well-accepted notion that the observation of actions
performed by others activates in the perceiver the same neural
structures recruited during the actual execution of those same
actions.1 In addition, evidences suggested that the use of systematic observation of actions followed by their execution is
able to produce effector-specific motor facilitation and therefore to promote learning of motor skills.2 This is why action
observation is increasingly considered as a rehabilitation tool.
Even if for the past 20 years, research on the neural basis
of this “motor learning by observation” process has evolved in
parallel to the development of novel brain mapping techniques,
there is still a large gap between clinical and basic research on
Action Observation Therapy (AOT).
To date the effectiveness of AOT as a rehabilitative intervention has been demonstrated in the recovery of neurological
diseases (i.e. stroke, Parkinson, infant cerebral palsy) and in
the recovery of patients undergoing orthopaedic surgery with
promising results.3-5 Starting from these evidences, although
the number of studies published is still poor, it’s possible to
revealsome crucial points in order to properly apply this technique in the clinical practice:
Type of actions: even if evidences looking at the efficacy of
different type of actions have not been published so far, the researchers working in this field seems to agree that the video-clip
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Table I.—Selection of articles related to AOT published since 2010.
Year

2013
2013

2012
2012
2011
2011
2010
2011
2010
2010
2010
2010

Authors and title of article

Sgandurra G, Ferrari A, Cossu G, Guzzetta A, Fogassi L, Cioni G. Randomized Trial of Observation and Execution of Upper
Extremity Actions Versus Action Alone in Children With Unilateral Cerebral Palsy. Neurorehabil Neural Repair. 2013 Jul
25.
Pelosin E, Bove M, Ruggeri P, Avanzino L, Abbruzzese G. Reduction of bradykinesia of finger movements by a single session
of action observation in Parkinson disease. Neurorehabil Neural Repair. 2013 Jul-Aug;27(6):552-60.
Cowles T, Clark A, Mares K, Peryer G, Stuck R, Pomeroy V. Observation-to-imitate plus practice could add little to physical
therapy benefits within 31 days of stroke: translational randomized controlled trial. Neurorehabil Neural Repair. 2013
Feb;27(2):173-82.
Buccino G, Arisi D, Gough P, Aprile D, Ferri C, Serotti L, Tiberti A, Fazzi E. Improving upper limb motor functions through
action observation treatment: a pilot study in children with cerebral palsy. Dev Med Child Neurol. 2012 Sep;54(9):822-8.
Franceschini M, Ceravolo MG, Agosti M, Cavallini P, Bonassi S, Dall’Armi V, Massucci M, Schifini F, Sale P. Clinical
relevance of action observation in upper-limb stroke rehabilitation: a possible role in recovery of functional dexterity. A
randomized clinical trial. Neurorehabil Neural Repair. 2012 Jun;26(5):456-62.
Buccino G, Gatti R, Giusti MC, Negrotti A, Rossi A, Calzetti S, Cappa SF. Action observation treatment improves autonomy
in daily activities in Parkinson’s disease patients: results from a pilot study. Mov Disord. 2011 Aug 15;26(10):1963-4.
Salama IM, Turner S, Edwards MG. Automatic priming of grip force following action observation. Q J Exp Psychol (Hove).
2011 May;64(5):833-8.
Bellelli G, Buccino G, Bernardini B, Padovani A, Trabucchi M. Action observation treatment improves recovery of
postsurgical orthopedic patients: evidence for a top-down effect? Arch Phys Med Rehabil. 2010 Oct;91(10):1489-94.
Holmes P. Evidence from cognitive neuroscience supports action observation as part of an integrated approach to stroke
rehabilitation. Man Ther. 2011 Feb;16(1):40-1.
Ewan LM, Kinmond K, Holmes PS. An observation-based intervention for stroke rehabilitation: experiences of eight
individuals affected by stroke. Disabil Rehabil. 2010;32(25):2097-106.
Pelosin E, Avanzino L, Bove M, Stramesi P, Nieuwboer A, Abbruzzese G. Action observation improves freezing of gait in
patients with Parkinson’s disease. Neurorehabil Neural Repair. 2010 Oct;24(8):746-52.
Franceschini M, Agosti M, Cantagallo A, Sale P, Mancuso M, Buccino G. Mirror neurons: action observation treatment as
a tool in stroke rehabilitation. Eur J Phys Rehabil Med. 2010 Dec;46(4):517-23. Epub 2010 Apr 23.
Garrison KA, Winstein CJ, Aziz-Zadeh L. The mirror neuron system: a neural substrate for methods in stroke rehabilitation.
Neurorehabil Neural Repair. 2010 Jun;24(5):404-12.

should be based on ecological and/or goal-directed actions. All
the actions should be selected from the observer’s repertoire,
should be related to the impaired function and offered with
increasing difficulties.
Treatment modality: Across all the published studies emerge
that AO should be always followed by the active repetition of
the observed actions. Physiotherapist should decide if guide
patients both during the observation and the execution phases.
Physiotherapist should help patients to focus the attention on
different properties of specific movement, when necessary. The
duration (in term of time) of each single video-clip shouldn’t
be longer then 4-6 minutes, in order to avoid fatigue and to
maintain an higher level of the observer’s attention.
Therefore, AOT is not “ a simple watching” (observation
phase), but it’s an active process (imitation phase) that needs
to be tailored according to patients’ ability (not only related to
movement but also to their cognitive capacity) and properly
inserted in the rehabilitation plan.
To date AOT seems to be a promising tool for improving performance and promoting motor learning in the rehabilitation field.
Certainly, future studies need to be realized in order to (i) confirm
the results already present in the literature, (ii) to extend the sample size and (iii) to determinate some aspects that are still lacking
(overall treatment duration, number of sessions x week, inclusion/
exclusion criteria for patients, AOT as home treatment).
Bibliografia
1. Rizzolatti G, Craighero L. The mirror-neuron system.
Annu Rev Neurosci 2004;27:169-92.
2. Buccino G, Arisi D, Gough P, Aprile D, Ferri C, Serotti L
et al. Improving upper limb motor functions through action observation treatment: apilot study in children with
cerebral palsy. Dev Med Child Neurol 2012;54:822-8.

84

3.

4.

5.
6.

Franceschini M, Ceravolo MG, Agosti M, Cavallini P, Bonassi S, Dall’Armi V et al. Clinical relevance of action observation inupper-limb stroke rehabilitation: a possible role
in recovery of functionaldexterity. A randomized clinical
trial. Neurorehabil Neural Repair 2012;26:456-62.
Pelosin E, Avanzino L, Bove M, Stramesi P, Nieuwboer A,
Abbruzzese G. Actionobservation improves freezing of gait
in patients with Parkinson’s disease.Neurorehabil Neural
Repair 2010;24:746-52.
Buccino G, Binkofski F, Riggio L. The mirror neuron system and actionrecognition. Brain Lang 2004;89:370-6.
Bellelli G, Buccino G, Bernardini B, Padovani A, Trabucchi M. Actionobservation treatment improves recovery of
postsurgical orthopedic patients: evidence for a top-down
effect? Arch Phys Med Rehabil 2010;91:1489-94.

Mirror therapy for improving motor function
after stroke
H. THIEME
1Erste Europäische Schule für Physiotherapie, Ergotherapie und Sporttherapie, Klinik Bavaria Kreischa, Kreischa, Germany
2Martin-Luther-Universität Halle Wittenberg, Institut für Gesundheitsund pflegewissenschaft, Halle, Saale, Germany
Corresponding author: H. Thieme, Erste Europäische Schule für Physiotherapie, Ergotherapie und Sporttherapie, Klinik Bavaria Kreischa,
Kreischa, Germany. E-mail: holm.thieme@physiotherapie-schulekreischa.de

Mirror therapy was first introduced by Ramachandran and
colleagues to treat phantom limb pain after amputation 1 and
afterwards transferred to the treatment of stroke patients.2
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Figure 1.—Execution of mirror therapy.

During mirror therapy, a mirror is placed in the patient’s midsagittal plane, thus reflecting movements of the non-paretic
side as if it were the affected side (figure 1). Mirror therapy is
used to improve motor function after stroke. The lecture gave
a short introduction in the basics and the execution of Mirror Therapy after stroke. Furthermore, a systematic Cochrane
Review to the effectiveness of Mirror Therapy after stroke 3

was presented. We extensively searched the literatue through
June 2011 for randomised controlled trials (RCTs) and randomised cross-over trials comparing mirror therapy with any
control intervention for patients after stroke. Two review authors independently selected trials based on the inclusion criteria, documented the methodological quality of studies and
extracted data. We analysed the results as standardised mean
differences (SMDs) for continuous variables. We included 14
studies with a total of 567 participants that compared mirror therapy with other interventions. When compared with
all other interventions, mirror therapy may have a significant
effect on motor function (post-intervention data: SMD 0.61;
95% confidence interval (CI) 0.22 to 1.0; P=0.002; change
scores: SMD 1.04; 95% CI 0.57 to 1.51; P < 0.0001; figure 2). However, effects on motor function are influenced by
the type of control intervention. Additionally, mirror therapy
may improve activities of daily living (SMD 0.33; 95% CI
0.05 to 0.60; P=0.02). We found a significant positive effect
on pain (SMD -1.10; 95% CI -2.10 to -0.09; P=0.03) which
is influenced by patient population in the way, that patients
with a complex regional pain syndrome after stroke may especially profit by pain reduction. We found limited evidence
for improving visuospatial neglect (SMD 1.22; 95% CI 0.24
to 2.19; P=0.01). The effects on motor function were stable
at follow-up assessment after six months. The results indicate
evidence for the effectiveness of mirror therapy for improving upper extremity motor function, activities of daily living
and pain, at least as an adjunct to normal rehabilitation for
patients after stroke. Limitations are due to small sample sizes
of most included studies, control interventions that are not
used routinely in stroke rehabilitation and some methodological limitations of the studies. Afterwards, some practical considerations for the treatment of stroke patients using mirror
therapy were given.

Figure 2.—Meta-analysis for motor function.
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Robot therapy is slowly emerging as an acceptable technique for the routine treatment of people affected by neuromotor diseases like stroke. However, there is still little agreement
on the theoretical background that is necessary for overcoming

Figure 1.—Patient-robot relationship.

the current empirical approaches and for attempting to optimize and personalize the treatment provided by the robot. In
my research group at IIT we“ground” our methodological and
technological research in this field in the large area of HRI (Human Robot Interaction) which attempts to characterize how
bidirectional haptic interaction can be modeled, measured and
exploited in order to enhance human-robot cooperation. In the
application of this approach to neuromotor rehabilitation, the
challenge is to help the patient to recover sensorimotor control
by recruiting latent neural plasticity. This is summarized in the
block diagram of Figure 1.
In any case, the role of the robot is not impose a passive mobilization on the patient but generate carefully adapted force
fields, sensitive to subtle variations of the degree of active participation by the subject. Different haptic interfaces have been
designed at IIT, in cooperation with the University of Genova
(Figure 2), and a number of pilot studies have been carried out
in the last decade 1-13 with stroke survivors and people affected
by multiple sclerosis or cerebral palsy.
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Figure 2.—Haptic interface.
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motor function and ADL are still preserved in open population
for the treatment of upper limb after stroke.
However, to strengthen the evidence that using VR technologies is advantageous for the rehabilitation treatment of the
motor function, the cortical mechanisms implicated in the recovery process need to be better understood.
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Virtual reality is an innovative technology consisting of a
computer based environment that represents a 3D artificial
world and has been already applied in many fields of human
activities.1 New computer platforms permit human-machine
interactions in real time, therefore the possibility of using VR
in medicine has become available, for example, for stroke survivors and can be used for rehabilitative therapeutic procedures.2 Combining VR-based systems with motion tracking
tools allows the study of the kinematics of movements in the
restorative process after diseases. Furthermore, the possibility of
modifying the artificial environment, in which the patients can
interact, may be a method to promote motor learning, by means
of enhancement of feedbacks about movement characteristics,
such as knowledge of performance and knowledge of results.3,
4 A recent Cochrane Library review 5 pooling the effects of VR
on motor, cognitive, gait and balance functions and on activities of daily living (ADL), concluded that, despite encouraging
significant results, there is still not sufficiently strong evidence
that VR therapy has a better effect than conventional therapy,
so more data are needed to determine the effectiveness of this
approach on the different post stroke sequelae. Notably, taking
into account only the upper limb function, all studies included
in the review, indicated that a VR approach yielded better motor
and ADL outcomes, when compared with conventional therapy.
Considering the reported meta-analysis it was estimated, that the
difference in effect size (calculated as standardized mean difference) between motor VR therapies and standard ones is 0.53 (CI
95% = 0.25-0.81) for the recovery of motor function and 0.81
(CI 95% = 0.39-1.22) for independence, in favour of VR-based
treatments. Moreover, in the case of rehabilitation of upper limb
motor function based on virtual reality, a therapy dose effect was
observed. Specifically, when the intervention is delivered for less
than 15 hours of training this treatment becomes ineffective.
However, as stated in the same review more evidence is needed
to define the advantages and limits of VR therapy applications
to the plurality of deficits interesting physiotherapy. A pragmatic
trial was published recently 6 showing that the positive effects on
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SESSION V
THERAPEUTIC EXERCISE
IN MUSCOLOSKELETAL DISEASES:
DEBATE ABOUT PROPOSAL
Exercise induced modulation of musculoskeletal pain
M. TESTA
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Maternal and Child Health, University Campus of Savona, University of
Genoa, Genoa, Italy
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Exercise is effective in treatment of many musculoskeletal
disorders characterized by chronic pain, but it is not yet clear
whether it can influence the state of central sensitization. The
process of descending pain modulation is extremely complex
and involves neurophysiological, biochemical and hormonal
mechanisms (Figure 1). Although many exercise-induced
mechanisms has been demonstrated in animals and in healthy
subjects: increased blood pressure,1 the action of norepinephrine,2 stress and the production of glucocorticoids,3 distraction,4 exteroceptive and proprioceptive afferents,5 the diffuse
noxious inhibitory control (DNIC) induced by cytokines, local
ischemia and lactate production,6 a recent review of the literature 7 highlighted the lack of evidence to support the role of
exercise in the production of peptide modulators of pain in
patients suffering from chronic pain.
Beyond the physiological mechanisms, is even more clinically relevant to know which typology of exercise determines
significant changes in pain threshold.
In the case of resistance training, muscle contraction is accompanied by local ischemia and peripheral sensitization. It induces, in healthy subjects, a raising of the pain threshold, both
in the exercising muscle and at distance, while in fibromyalgia,
the pain threshold decreases, both locally and at distance.
In subjects with shoulder myalgia, the contraction of the
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Figure 1.—Noxious stimulus arrives at dorsal horn of the spinal cord via the primary afferent fibers (PAF), make synapsis with projection neurons (PN) that bring stimulus to the supraspinal – subcortical centers where it is integrated with other sensory information
and sent to the cortical areas that constitute the pain neuromatrix. Some of these centers, such as the periaqueductal gray, the rostroventral medulla and amygdala receive projections from the cortex, and act as pain modulator by descending projections, facilitating
or inhibiting circuits at in the posterior horn of the spine cord. This happens through excitatory or inhibitory interneurons (IN) that
also receive endings from recurrent primary fibers and act postsynaptically on projection neurons. The modulatory action is also expressed directly to projection neurons presynaptically or postsynaptically. Modulatory activity also involves sympathetic preganglionic
fibers (PreG) in the intermedio-lateral horn (IML) and motor neurons (MN) in the anterior horn from which generate the motor
responses. This activity, in addition to being at the base of avoidance reflexes, is probably also a way of adapting the motor strategies
in the presence of pain. (from MJ Millan, 2002).

affected muscle does not change the pain threshold, while it increases after the contraction of a muscle distant from the painful area.8 The mechanisms of endogenous analgesia seem to be
preserved in patients with rheumatoid arthritis or osteoarthritis
of the hip and knee.9
In the case of aerobic exercise, a progressively increasing
workload determined, in chronic fatigue syndrome (CFS)
patients, a decrease of the pain threshold. Surprisingly pain
threshold increased in chronic low back pain patients, as well
as in healthy subjects.10
If the workload is self-limited, in patients with CFS 11 or
with Whiplash associated disorders (WAD) 12 the decrease in
the threshold appeared to be less relevant.
The limited number of works that study the effect of exercise on endogenous analgesia in clinical setting invites you to
choose type and dosage of exercise individually and on the basis of clinical reasoning.
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As a general rule we propose:
1 - consider using aerobic exercise. The eccentric or isometric work causes local ischemia and increase central excitation;
2 - in myalgic patient, exercising of non painful districts
favours the descending pain inhibition;
3 - in patients with fibromyalgia and CFS, aerobic lowintensity exercises should be preferably administered;
4 - the exposure to exercise, as well as to activities, should be
carefully graded and adapted to the individual response.
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Aim. There is a need for individuating those post-stroke patients who may benefit from an optimal and customised rehabilitation plan aiming at early reintegration in community life
participation. Indeed, an earlier restoration of independence in
complex ADL could decrease post-stroke consequences related
to social isolation and the risk of suboptimal Health-Related
Quality of Life on final outcome, on account of depression.
This study investigated whether the gain of independence in
complex Activities of Daily Living (ADL) at six months poststroke may be predicted before the discharge from the stroke
unit using simple biological, clinical and bedside determinants.
Methods. In 104 first-ever stroke patients with no previous
disability, eleven independent variables were selected at ten days
post-stroke. Clinical factors were dichotomized on the basis of their
presence or absence. For determining the optimal cut-off of each
measurement total score and age, the Receiver-Operating Characteristic (ROC) curve analysis was applied by using sensitivity/1specificity. Patients who achieved a modified Rankin Scale grade ≤
2 were considered independent in complex ADL. After a preliminary binary logistic regression, only the variables which presented
a liberal significant level of p ≤ 0.1 were included in subsequent
multivariable logistic regression analysis. Using the 3 determinants
constants and regression coefficients, the probability to achieve independence were calculated with the equation
p=1/(1+(e[-(β0+β1X1+β2X2+β3X3+…+βnXn)])).
Results. The model shows that having a Barthel Index ≥ 9, a
Motricity Index- Upper Limb ≥ 75, an age ≤ 70 and being a male
resulted in 100% probability of achieving independence in complex ADL. If three of the four determinants were present, the probability was more than 90%. With the presence of two of the four

determinants, the probability ranged from 87% to 28%. With the
presence of only one determinant, the probability was 13%.
Conclusion. Accurate prediction of independence in complex ADL can be made before the discharge from the stroke
unit. The strength of the paretic upper limb, age, gender, and
the ability of performing basic ADL are the significant variables. The probability of favorable prognosis depends on the
presence and on the robustness of each single determinant.
Key words: Stroke – Prognosis - Activities of daily living.
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Balance and gait rehabilitation in patients with cerebellar disease of vascular and degenerative origin
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Aim. The aim of this paper was to investigate whether response to rehabilitation differs between patients with vascular
and degenerative cerebellar disease.
Methods. We reviewed the outcome of 26 cerebellar patients
(M = 18, F = 8, mean age 60.3 years ± 18.3 SD) with disorders
of balance and gait. Thirteen patients were affected by degen-

Table I.—Probability to be independent in complex ADL at six months post-stroke (n. 104).
mRS≤2 at six months post-stroke
	   BI
MI
Age
Gender
					

True negatives False negatives False positives True positives
N.
N.
N.
N.

♂
p=1/(1+(exp-(-6.556*2.938*BI + 4.624*MI arm + 3.809*age + 2.581*gender))
+
42
6
6
50
-					
+					
+					
+					
-					
+					
-					
-					
+					
+					
-					
-					
-					
+					
-					
Abbreviations: mRS=modified Rankin Scale; BI=Barthel Index; MI Arm=Motricity Index upper limb; ♂=male; p=probability
Cut-off	   ≥9
+
+
+
+
+
+
+
+
-
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≥75
+
+
+
+
+
+
+
+
-

≤70
+
+
+
+
+
+
+
+
-
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p

1.00
0.99
0.99
0.97
0.94
0.87
0.65
0.63
0.55
0.46
0.28
0.13
0.06
0.03
0.02
0.00
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Table I.—Details of exercises.
The exercise program consisted of a 3-week intensive treatment
composed of five 90 min-sessions per week. For each patient, the
program contained all exercises from 1 to 4 below, administered at
different intensities according to their capacity.
1) STATIC BALANCE
— Quiet stance with EO and EC at different widths of support
base and on unsteady surfaces
— Standing on one leg with EO and EC
— Stabilize the trunk, lift one arm or leg under quadrupedal
posture
2) DYNAMIC CONTROL
— Sit-to-stand
— Cross over step
— Step to the side, step in front, step back
— Postural perturbations induced by the therapist
3) GAIT TRAINING
— Treadmill
— Climbing stairs
— Walk with head turns
— Walking over uneven ground and on narrow paths, pivoting,
crossing over objects and negotiating obstacles
4) FLEXIBILITY AND STRENGTH TRAINING
— Whole body movements to train the trunk-limb coordination
— Rhythmic movement and stretching exercise for upper and
lower limbs and for the trunk
— Cycle ergometer for upper and lower limbs
EO = eyes open, EC =eyes close.

erative disease and 13 by cerebellar stroke. Inclusion criteria
were a primary indication for admission to rehabilitation due to
hemorrhage or infarction, or to complex disability from degenerative disease. Exclusion criteria were: clinically-assessed peripheral sensory impairment, multiple sclerosis, tumor, hemiplegia,
spasticity, absence of neuroimaging data (Kelly et al., 2001). All
patients underwent 3-week intensive inpatient physical therapy
program for 5 days a week, 90 min/day, focused on balance and
gait. For each patient, the program contained all exercises from 1
to 4 in the Table, administered at different intensities according
to their capacity. Body sway during stance with eyes open (EO)
and eyes closed (EC), and gait velocity, stride length, cadence,
and step width were recorded. Berg Balance Scale (BBS) and the
Functional Independence Measure (FIM) were administered. All
tests were performed before and after treatment.
Results. Before treatment, both groups showed similar values
in all variables of balance and gait. After treatment, minor reduction of body sway was observed with EO and EC in both groups.
In patients with vascular disease, gait velocity and stride length
increased (24%, p=0.09, and 17%, p<0.005, respectively), whilst
step width substantially decreased (18%, p<0.05) after treatment.
The group with degenerative disease showed minor increment
of gait velocity and stride length (8% and 4%, respectively) and
slight decrease (5%) of step width. BBS improved in both groups
(15%, p<0.005, in patients with degenerative disease, 27%,
p<0.005 in patients with vascular disease). FIM improved to a
larger extent in the patients with vascular disease (10%, p<0.005)
than in those with degenerative disease (2%).
Conclusion. Short-term treatment may not be sufficient to produce definite improvement in locomotion in patients with vascular
disease as much as occurs in patients with vascular disease, even if
clinical and functional signs of balance improve in both groups.1
Key words: Cerebellum - Postural balance - Gait.
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Training of manual actions improves language
understanding of semantically related action
sentences
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Aim. Conceptual knowledge accessed by language may involve the reactivation of the associated primary sensory-motor
processes 1,2,3. Whether these embodied representations are indeed constitutive to conceptual knowledge is hotly debated,
particularly since direct evidence that sensory-motor expertise
can improve conceptual processing is scarce4.
In order to improve the knowledge in this field the aim
of this study is to provide direct evidence that sensory-motor
training in an homogeneous healthy population can lead to
more efficient conceptual-specific semantic processing.
Methods. Nineteen right-handed participants were engaged in 3 weeks of daily right hand skills training. Each participant was trained in the following three complex manual
actions: to make origami, to tie sailor’s knots and to roll coins
across their fingers. Before and after the training period, each
subject underwent a series of manual dexterity and a semantic
language tests.
The latter was considered as primary outcome. It consisted
of a sentence-picture semantic congruency judgment task, with
6 target congruent sentence-picture pairs (semantically related
to the trained manual actions), 6 non-target congruent pairs
(semantically unrelated), and 12 filler incongruent pairs. The
reaction time (RT) as the time elapsed between the onset of
picture presentation and the participant’s response was considered as measure. Student t-test and ANOVA were used as statistical tests. Significance was considered with a p value<0.05
Results. Manual action training induced a significant improvement in all manual dexterity tests. (table 1). In the semantic language task, the RTs to both target and non-target
congruent sentence-picture pairs decreased after motor training. Noteworthy, the RTs for target pairs decreased more than

Figure 1.—Mean reaction time pre and post training (expressed
in seconds) for target stimuli and non-target stimuli. The reduction in reaction time is greater in target congruent stimuli.
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Table 1
MMDT
Tapping
Sewing
Origami

Pre training

Post training

p value

68”0 ± 4”5
10.1 ± 5.2
7.2 ± 3.3
23”5 ± 5”1

60”1 ± 4”0
0.5 ± 0.5
16.9 ± 2.1
14”6 ± 4”2

0.0003
0.0002
<0.0001
<0.0001

MMDT: Minnesota Manual Dexterity Test

those for non-target pairs, as indicated by the 2 × 2 interaction
(figure 1). These results were confirmed when controlling for
the potential bias of increased frequency of use of target lexical
items during manual training.
Conclusion. The results of the present study suggest that
sensory-motor expertise gained by training of specific manual
actions can lead to an improvement of cognitive-linguistic
skills related to the specific conceptual-semantic domain associated to the trained actions (Figure 1, Table I).1-4
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Aim. Because of improved treatment and care and decreased
mortality, prevalence of cerebral palsy (CP) is increasing in
most countries.1 CP patients growing older often present new
or worsening muscle-skeletal or neurologic problems: chronic pain, fatigue, and loss of mobility and autonomy develop
prematurely, compared to unaffected persons.2 This study describes the unmet rehabilitation needs of adult CP patients,
and proposes innovative strategies to improve the delivery of
services to them, in an area of Tuscany where high-quality care
has been traditionally provided to pediatric CP patients.
Methods. We used focus group (FG), a qualitative research
method consisting in group interviews guided by a moderator,
where participants can freely report their experiences and opinions. Three semi-structured FG were conducted, separately
involving 5 adults with CP, 8 parents/caregivers of adult CP
patients, and 6 physiotherapists working in rehabilitation services dedicated to CP patients.
Results. Rehabilitative needs identified by most participants were control of spasticity, deformity, and pain, and mini-
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mization of functional loss. CP patients strongly underlined
the quest for individualized care and rehabilitation, focused on
their needs and expectations. Problems with the provision of
assistive devices were often mentioned. Participants reported
the lack of programs to follow CP adolescents transitioning
towards adulthood. All FG participants were unsatisfied with
the expertise of health care professionals on the problems of
CP adult patients. Caregivers were concerned with the destiny
of their affected children after parents’ death. Participants suggested scheduling periodic control visits to monitor health status, evaluate assistive devices, and identify emergent problems.
Creating multidisciplinary teams of competent and trained
professionals, coordinated by a case manager, would optimize
patients’ wellbeing and resource utilization.
Discussion and conclusion. This qualitative study shows
a substantial agreement between patients, caregivers, and
physiotherapists on problems and possible solutions of adults
with CP. Although larger studies are necessary to extend this
assessment to other, more representative samples, our results
are in agreement with the international literature 3-5 and can
be used to rethink the delivery of healthcare services for adults
with CP.
Key words: Cerebral palsy - Qualitative research - Focus groups.
References
1. Tosi L, Maher N, Moore W, Goldstein M, Aisen M. Adults
with cerebral palsy: a workshop to define the challenges
of treating and preventing secondary musculoskeletal and
neuromuscular complications in this rapidly growing population. Develop Med Child Neurol 2009;51(Suppl. 4):211.
2. Sheridan KJ. Osteoporosis in adults with cerebral palsy. Developmental Medicine & Child Neurology 2009;51(Suppl.
4):38-51.
3. Liptak GS. Health and well being of adults with cerebral
palsy. Curr Opin Neurol 2008;21:136-42.
4. Young NL, Barden WS, Mills WA, Burke TA, Law M,
Boydell K. Transition to adult-oriented health care: perspectives of youth and adults with complex physical disabilities. Phys Occupat Ther Pediatrics 2009;29:345-61.
5. Stewart D. Transition to adult services for young people
with disabilities: current evidence to guide future research.
Develop Med Child Neurol 2009;51(Suppl. 4):169-73.

Gait features in Parkinsonian patients with or
without mild cognitive impairment
M. PICILLO 1, G. OREFICE 1, M. AMBONI 2, 6, P. BARONE 3, L.
IUPPARIELLO 4, I. LISTA 6, R. TRANFAGLIA 4, A. FASANO 5, C.
VITALE 2, 6, G. SANTANGELO 7, V. AGOSTI 2, 6, A. IAVARONE 8,
G. SORRENTINO 2, 6
1Department of Neurological Sciences, University of Naples Federico II,
Naples, Italy
2IDC Hermitage-Capodimonte, Naples, Italy
3Neurodegenerative Diseases Center, University of Salerno, Salerno, Italy
4Department of Biomedical Electronic Engineering, University of Naples
Federico II, Naples, Italy
5Department of Neurology, Sacro Cuore Catholic University, Rome and
Department of Neuroscience, AFaR-Fatebenefratelli Hospital, Rome, Italy
6University of Naples Parthenope, Naples, Italy
7Department of Psychology, Second University of Naples, Caserta, Italy
8Neurological and Stroke Unit, CTO Hospital, AORN Ospedale dei Colli,
Naples, Italy
Corresponding author: M. Picillo, Department of Neurological Sciences, University of Naples Federico II, Naples, Italy

Aim. The specific connections between gait pattern and
cognitive features in Parkinson’s disease (PD) are not fully understood. The aim of this study was to describe the gait pattern
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Figura 1.

in patients affected by PD with or without mild cognitive impairment (MCI+, MCI-).
Methods. Using a gait analysis system, we compared the
gait pattern among MCI+ (n=19), MCI- (n=24) and age- and
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gender-matched healthy subjects (HS; n=20) in the following
conditions: 1) normal gait; 2) motor dual task; 3) cognitive
dual task. In PD patients, gait pattern was evaluated in both off
and on state. The following gait variables were evaluated based
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on their clinical relevance : 1) step length (metres); 2) stance
phase (seconds); 3) swing phase (seconds); 4) single support/
double support time ratio; 5) cadence (steps/minutes); 6) velocity (metres/second); 7) step length variability; 8) swing time
variability. Cognitive domains were assessed with an extensive
neuropsychological battery. The effects of dual task conditions
on gait parameters were evaluated by the Friedman’s ANOVA
with post-hoc (Dunnett’s) test for multiple comparisons. To
identify an association between the gait variables and any cognitive domain (episodic memory, executive and visuospatial
domains) a factor analysis was performed.
Results. Table I reported demographic and clinical characteristics of enrolled patients. Compared with MCI- and HS, MCI+
PD patients displayed reduced step length and swing time (Figure 1A, B), and impairment of measures of dynamic stability
(single/double support time ratio and step length variability)
(Figure 1C, E); these dysfunctions were only partially reverted
by levodopa. We also found that dual task conditions affected
several walking parameters in MCI+PD at off and on state with
respect to MCI- and HS. Factor analysis revealed two independent factors, namely pace and stability. The latter was strongly and
directly correlated with the visuospatial domain. Furthermore,
the “stability” factor was also inversely correlated with almost all
the main clinical measures of disease progression.
Discussion and conclusion. Dysfunctions on specific gait
parameters, which were poorly responsive to levodopa and
highly sensitive to dual task conditions, were associated with
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MCI in PD patients. Importantly, visuospatial impairment
was strongly associated with the development of instability and
more generally with the progression of PD.
Key words: Parkinson disease - Cognition - Gait.

Implicit motor imagery is needed as initial step
within a broader progressive graded motor imagery training in post-stroke patients: a pilot
study
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Aim. Motor imagery (MI) is considered an effective treatment for both stroke and chronic pain patients. However, conflicting results are shown1-2. Implicit motor imagery (IMI) has
been introduced as initial step to give progressiveness to MI1
since MI seems to have less efficacy in chronic pain patients
with poor outcomes performing IMI3. Here, we investigate
whether post-stroke patients need IMI training using hand-
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Figure 1.

laterality discrimination task, and the impact that different
perspectives might have in MI training4.
Methods. Seventeen stroke patients (11 left- and 6 right-brain
lesion without neglect) were assessed with two different handlaterality discrimination tasks. 20 left and 20 right hand pictures
were randomly shown on a 15’’ screen, in different positions. In
the first task, the pictures were oriented in 1st person perspective (1stPP, Figure 1A), the second task in 3rd person perspective
(3rdPP, Figure 1B). After a training for excluding biases due to the
task novelty, subjects had to judge hand laterality using a joystick.
Reaction times (RT) and accuracy were recorded using ePrime®
2.0. Wilcoxon Signed-Rank Test used for data analysis.
Results. All the patients were significantly slower and less
accurate when judging 3rdPP right and left pictures, comparing with 1stPP (0,003<p<0,033). Patients with left-emisphere
lesion also showed to be significantly less accurate in judging
right hands in the 3rdPP task (p<0,045). Surprisingly, opposite behaviour is shown among patients with right-emisphere
lesion, who tend to be (although not significantly, p<0,071)
more accurate in recognising left than right hands.
Discussion and conclusion. Post-stroke patients show
less accuracy and slower RT compared to proposed normative
data1. This supports the need of addressing IMI as initial step
to enhance efficacy of explicit MI. Moreover, the perspective in
which we present our treatments (e.g. MI or Action-observation
Therapy), is important. We suggest to start training patients using 1stPP and continue using 3rdPP. Interesting insights may
be opened considering the left-right difference in accuracy performing IMI in 3rdPP, and even more seeing that patients with
right-brain lesion seem to have opposite behaviour compared
to those with left-brain lesion, but more subjects are needed.
References
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Aim. Playing an instrument implies neuroplasticity in different cerebral regions. This phenomena has been studied in
subjects with stroke suggesting that it could play an important
role in hand rehabilitation.1, 2, 3 The aim of this randomized
controlled trial is to analyze the effectiveness of playing a musical keyboard in improving hand motor skills in subjects with
Multiple Sclerosis (MS).
Methods. Adults with MS, with no relapses or therapy variations in the last three months, with motor impairment of one
or both upper limbs and with no expertise in playing  a musical
instrument were included. Nineteen hospitalized subjects were
randomized in two groups: 9 performed music by sequences of
fingers movements on a turned-on musical keyboard and 10
played the same exercises on a turned-off musical keyboard.  
Music was performed by easy sequences of fingers movements
studied with the help of a musician in order to obtain pleasant sound. The sequences of fingers were  depicted on a sheet
positioned in front of participants. Training duration was half
an hour per day for 15 days. Primary outcome was Abilhand
Questionnaire 4, 5 (functional activities) secondary outcomes
were Nine-Hole Peg Test (hand skills), Jamar and Pinch dynamometers (hand strength).
All the outcome measures were administered by the same
therapist that performed the training sessions. In order to control for the risk of bias, all the measures were administered in a
strictly standardized manner. Two-way analyses of variance was
used for data analysis.
Results. The interaction timeXgroup was highly significant
(p=0.003) for Abilhand Questionnaire in favor of experimental
group (Table I). Groups show a significant time effect for all
outcomes except for Jamar measure.
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Table I.—Results.
Experimental group

9HPT (sec)
JAMAR (Kg)
PINCH (Kg)
ABILHAND (logit)

Control group

p values

PRE

POST

PRE

POST

Time effect

Group effect

Time x group

57.9±33.4
20.4±6.9
4.7±2.1
2.33±1.9

50.1±32.2
22±7.4
4.9±2.1
3.52±1.9

37.5±19.1
20.5±9.9
3.2±1.9
2.62±1.3

28.9±13
20.8±9.4
4.2±2.1
2.82±1.4

<0.001
0.095
0.046
<0.001

0.07
0.86
0.25
0.97

0.06
0.45
0.43
0.003

Values are expressed as mean±standard deviation

Discussion. According with literature data the result on
Abilhand  could be explained as  the possibility of multisensory
stimulation to facilitate the use in everyday life of the reacquired hand skills.
Conclusion. Playing a musical keyboard would seems a
valid method to train hand use, in subjects with MS.
Key words: Hand - Multiple sclerosis - Rehabilitation.
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Aim. Spondylolisthesis is defined as a displacement of a
vertebra over the one below, following structural and/or degenerative spinal changes. This displacement can provoke
segmental dysfunction and modify the biomechanics of the
spine. The Supine Bridge Test (SBT) and the Prone Bridge
Test (PBT) are clinical tests commonly used to detect lumbar
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muscle endurance dysfunction in common low back pain,
but their validity was not yet tested in subjects with symptomatic spondylolisthesis. The aim of this study was to investigate the diagnostic accuracy of two clinical tests used to assess lumbar muscle endurance, in subjects with symptomatic
spondylolisthesis.
Methods. This study involved three different centers specialized in lumbar diseases rehabilitation. 112 consecutive
patients with symptomatic spondylolisthesis were included.
Prone and Supine Bridge Test were performed before the first
session of rehabilitation. The results of these tests were compared with the Numerical Rating Scale (NRS) for pain intensity and the Oswestry Disability Index (ODI) for disability.
Correlations between muscle endurance tests, NRS and ODI
were calculated. Furthermore, correlations between results of
endurance tests, grade of spondylolisthesis and positive results
on dynamic X-rays were investigated.
Results. The Prone Bridge test was moderately correlated
with the Supine Bridge Test (r = 0.483, p<0.01) whilst both
endurance tests showed low correlations with NRS (SBT r =
-0,274; PBT r = -0,155) and ODI (SBT r = -0.341; PBT r =
-0,284). Moreover, significant correlations between the endurance tests and the grade of the spondylolisthesis, or the positive
dynamic X-rays were not found.
Discussion. This study shows a moderate relationship between the two muscle endurance tests, but a week relationship
between these tests, pain and disability, in symptomatic spondylolisthesis.   The grade of spondylolisthesis or positive result on
dynamic X-rays do not significantly influence these findings.
Conclusion. The results of this study suggest a low diagnostic accuracy of SBT and PBT in patients complaining of
symptomatic spondylolisthesis.
Key words: Spondylolisthesis - Physical examination - Joint
instability.
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Obiettivo. Lo scopo del presente lavoro è quello di valutare l’effetto della fisioterapia sul dolore, l’elasticità muscolare e la qualità di vita in pazienti affette da fribromialgia.
Metodi. Sono state arruolate 10 pazienti di sesso femminile, di età media 49 anni, con diagnosi di fibromialgia
(effettuata in rispetto dei criteri dell’American College of
Rheumatology, ACR) escludendo pazienti con patologie
psichiatriche. Ciascuna paziente è stata sottoposta ad una
valutazione basale e post trattamento riabilitativo: qualitativa del dolore attraverso il questionario di McGill, quantitativa attraverso una scala visivo-analogica (VAS), valutazione della flessibilità attraverso il Sit and Reach Test,
della Qualità della Vita attraverso il Questionario SF-36 ed
infine si è valutato lo stato psichico con il Test di Hamilton. Le pazienti  sono state sottoposte a trattamento riabilitativo con il metodo Mézières per 4 mesi con frequenza
settimanale.
Risultati. Il gruppo ha mostrato un miglioramento del
punteggio VAS per il dolore rispetto al basale (il valore media è passato da 7,3 a 5,3). Il Sit and Reach Test ha mostrato
anch’esso un miglioramento (il valore medio è passato da
-‐11,9  a -‐6,39 cm). Il Present Paint Intensity ha mostrato un
miglioramento della percezione del dolore (il valore medio
è passato da 3,5 a 1,8). Le media dei risultati del questionario
SF-‐36 delle 10 pazienti dimostrano un miglioramento della
Qualità di Vita; infatti, si passa da un punteggio medio di
29,5 a 21,8 (Figura 1).
Discussione. In questo studio preliminare, il programma di trattamento impostato ha migliorato sia i parametri
oggettivi (flessibilità) che soggettivi (scale di valutazione
del dolore) e la qualità della vita nelle pazienti trattate.
Si sono osservate ripercussioni positive anche sullo stato
emotivo, nelle attività sociali e lavorative e nella vitalità in
generale (SF36).
Conclusioni. Un follow-‐up medio di più di quattro mesi
è probabilmente necessario per un’analisi più approfondita
del rapporto tra il buon esito della terapia e il miglioramento della qualità della vita dei pazienti. Comunque questi risultati incoraggiano a proseguire lo studio. È indispensabile
che il programma riabilitativo sia inserito in un progetto
multidisciplinare che comprenda il supporto psicologico, la
terapia farmacologica, una alimentazione corretta e un cambiamento del paziente nella gestione dello stress e degli stati
emotivi negativi poiché questi aumentano notevolmente il

Figura 1. — Valore espresso in percentuale.
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dolore muscolare e possono favorire l’espressione dei trigger point attivi. I risultati ottenuti ci fanno considerare
adeguato il trattamento riabilitativo proposto, al fine di
ottenere miglioramenti della sintomatologia di questi pazienti 1-5.
Bibliografia
1. 	 Wolfe F et al. The American College of Rheumatology  
Preliminary Diagnostic Criteria for FM and Measurement of Symptoms severity. Arthritis Care and Research
2010;62:600.
2. 	 Brosseau L et al. Ottawa Panel evidence-‐based clinical
practice guidelines for aerobic fitness exercises in the
management of fibromyalgia. Phys Ther 2008;88:857-‐71.
3. 	 Hagen KB et al. Exercise therapy for bone and muscle
health: an overview of systematic reviews. BMC Med
2012;10:167.
4. 	 Guymer EK et al. Clinical characteristics of 150 consecutive fibromyalgia patients attending an Australia n public
hospital clinic. lnt J Rheum Dis 2012;15:348-57.
5. 	 Nuesch E et al. Comparative efficacy of pharmacological
and non-pharmacological interventions in fibromyalgia syndrome: network meta-analysis. Ann Rheum Dis
2012.

Normative data of the cervical spine kinematics
in healthy subjects measured by an electromagnetic motion analysis
M. ALHELOU 1, A. BABA 1, A. CATOZZELLA 1, A. TUROLLA 1, 2
of Kinematics and Robotics I.R.C.C.S., Fondazione Ospedale
San Camillo, Venice, Italy
2University of Sheffield, Sheffield, UK
Corresponding author: M. Alhelou, Laboratory of Kinematics and Robotics I.R.C.C.S., Fondazione Ospedale San Camillo, Venice, Italy.

1Laboratory

Aim. Head orientation depends on cervical spine mobility,
which has a close relationship with somatosensory system. Its
integrity is essential for the proper functioning of the sensory
organs, that in turns allow the maintenance of balance and
space exploration. Objectives of the study were to investigate
age and subjective physical characteristic in relation to angular
mobility on the three principal planes and cervical spine kinematics in healthy subjects.
Methods. This was a cross sectional study. Eighty-one
healthy subjects were enrolled in the study. Regional mobility and cervical spine kinematics were evaluated throughout
specific tasks (ROM, Reaching, Repositioning, Tracking) using a non-immersive virtual reality device (Virtual Reality Rehabilitation System, VRRS®. Khymeia Group Ltd., Noventa
Padovana, Italy). Angular ROM, time, speed, smoothness, distance and spatial error were recorded and analyzed descriptively (mean, standard deviation, median and confidence interval
95%) and then compared between left and right lateral movements using parametric or non-parametric test (t-test or
Wilcoxon test). Finally, a multivariate generalized linear model
(mGLM) was used to investigate the correlations between the
recorded parameters and sample’s physical and demographic
characteristics.
Results. The analysis showed greater right rotation and
side bending compared to left ones (respectively, p=0.005 and
p=0.010, using Wilcoxon Test), with greater Effect Size for rotation (r=0.11) compared to side bending (r=0.07). Age was
the only demographic factor found to be related to all changes
(Figures 1, 2).
Conclusion. Age resulted to be the only demographic factor to have significant influence on cervical spine regional mo-
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Figure 1.—Screenshot of the different tests for the range of motion in the 3 principal planes.

Figure 2.—Scatter plot of the range of motion (ROM) in different decades.

bility A significantly greater difference was also found in right
rotation and right side bending, compared to left ones.1-5
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Aim. The virtual reality (VR) is an advanced form of human-machine interface that allows subjects to interact with an
artificial environment. Through the virtual reality the therapist
has the possibility of graduating and at the same time to docu-
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ment the therapeutic intervention.1 The objective of this pilot
study was to verify the effectiveness of the RV, as an aid to traditional motor rehabilitation of patients with movement disorders at the level of the upper limbs in the post-acute phase.
Methods. As by Cochrane,2 most of the studies compare
the treatment of RV with the motor conventional treatment.
This study compared treatment with X-Box Kinect (experimental group, 3 patients) with an alternative treatment consisting of active movements in front of a video in the absence of
feed-back (control group, 3 patients). The experimental group
was subjected to a standard rehabilitation protocol integrated
with sessions of X-Box Kinect, the control group performed
the same standard protocol, using a video-type screen sever deprived of feed-back typical of virtual reality. All subjects were
administered, in and out, the scales of functional assessment
Functional Independence Measure (FIM, Uniform Data System for Medical Rehabilitation-UDSmr, Buffalo, NY, USA),
Action Research Arm Test (ARAT, Lyle RC, 1981), Fugl Meyer
(FM, Fugl-Meyer et al., 1975).
Results. The results showed a significant improvement
in both groups, the FIM (P<0.001) and a “ceiling effect” all
ARAT is that T0 to T1.
Discussion. The “Ceiling effect” at ARAT is indicative of
the low sensitivity of the test in the evaluation of changes in
motor skills in post-acute phase. The absence of differences between the experimental group and the control group could be
due to the type of alternative treatment used as a control to the
experimental treatment of RV.
Conclusion. Proper selection of rating scales and careful
analysis of the outcome in the choice of the alternative treatment control are needed in studies that evaluate the effectiveness of the RV.
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Evaluation of central and peripheral fatigue in
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Aim. Over the past decade several new sEMG descriptors
for central fatigue have been developed and tested in simulation
studies or in healthy subjects. Mesin et al. (2009) 1 proposed a
novel vector composed of two indexes: ECV (estimated conduction velocity) as indicator of peripheral fatigue and FD (fractal
dimension) as indicator of central fatigue. FD is a promising index, least affected by MFCV changes and mostly related to MU
synchronization. FD was never tested during a fatiguing task in

Figure 1.—Surface EMG changes in normalized fractal FD and MFCV in Vastus lateralis (VL) and medialis (VM) muscles during
different isometric contractions.
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Table I.—Muscle fiber conduction velocity and fractal dimension initial values and slopes (mean±SD) during the 20% MVC and the
60% MVC isometric contractions.
20% MVC

MF conduction velocity (CV)
Fractal dimension (FD)

Initial (m/s)
Slope (%/s)
Initial
Slope (%/s)

VM

VL

VM

6.06±1.1
-0.83±2.3
1.54±0.02
-0.18±0.35

4.89±0.74
0.23±1.25
1.55±0.02
0.028±0.53

6.96±0.82
-2.68±3.04
1.57±0.03
-0.90±0.65

6.12±1.0
-4.61±1.87
1.59±0.02
-0.90±0.61

healthy subjects, nor in patients. The aim of the study was to
analyze if this bi-dimensional index can be used as a marker for
central and peripheral fatigue in healthy subjects.
Methods. Twenty-nine healthy female students participated in
the study after providing informed consent. None of the subjects
had previous injuries of the lower limb and all participated regularly
in different exercises and sports. Myoelectric signals were detected
from the Vastus lateralis and Vastus medialis in single differential
configuration using bi-dimensional arrays. FD and MFCV were
measured by sEMG during a low level isometric contraction (20%
MVC) for one minute, in order to allow an evaluation of peripheral
fatigue of type I muscle fibers, followed by an endurance isometric
contraction (60% MVC) until exhaustion, in order to evaluate peripheral fatigue of type II muscle fibers.
Results. Data on FD and MFCV are presented in Table I.
The average time course of MFCV (top, blue) and FD (bottom, red), during the 20% MVC and the 60% MVC isometric
contractions is depicted in Figure 1.
Discussion. The statistically relevant decrease of FD during the 60% MVC endurance contraction is consistent with an
increase of MU synchronization, one of the indicators of central fatigue. Whereas the decrease of MFCV during the same
fatiguing contraction, as previously observed, is a clear sign of
peripheral fatigue.2, 3
Conclusion. This study suggests that the bi-dimensional index
(MFCV, FD) could be an effective indicator to differentially assess
central and peripheral components of neuromuscular fatigability,
with potential application in both clinical and sport sciences.
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Aim. Cognitive disorders, in advanced stage, can generate
complications as pneumonia and dysphagia which are common
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60% MVC

VL

causes of death.1-5 Pneumonia, following dysphagia is the most
important complication and first cause of death.3 Therefore a
complete assessment of swallowing functions and of other signs
of dysfunctions can determine a rehabilitation treatment aimed at
modifying nutritional habits, preventing aspirations and improving prognosis. Synthetically, the aim of this study is to demonstrate a correlation between neuropsychological impairment and
swallowing disorders, directed towards prevention of connected
complications in patients with cognitive disorders.
Methods. In a rehabilitation division 18 patients, with
postsurgical orthopedic diagnosis, have been assessed. They
had not cerebrovascular, neoplastic, demielinating or extrapiramidal diseases. The Dysphagia Out come and Severity Scale
(DOSS),4 and Mini Mental Status Examination (MMSE),5
have been used as screening to determine the presence of dysphagia and cognitive impairment. Twelve patients have been
enrolled, because their positive tests. Then patients have been
assessed with neuropsychological tests aimed to examine attention, memory, learning and speech abilities. To assess swallowing abilities MISA Scale has been used and a Fiberoptic Endoscopic Examination of Swallowing (FEES).
Results. In different comparisons we found several significant
correlations. Total score of MISA compared with the MMSE
gave a significant result (r≤0.866) in Spearman’s Rank Correlation Coefficient. In particular we saw strong correlations between
the apraxic abilities and solid ingestion/management.
Discussion. We have a small sample of patients, but the
strenght of correlations encourage in continuing this work.
The strongest correlation is between the prassic abilities and
deglutition, giving an important information as well as the correlation between attentive abilities and deglutition aspects of
MISA. Langmore,1 in her almost only work, demonstrated a
good correlation between swallowing disorders and frontotemporal dementia. In clinical practice this one of the most important sorrow for people who work in rehabilitation, because it
can condition the recovery of this kind of patients.
Conclusion. If this results should be confirmed, we would
have to manage these patients in different way and see a possible evolution of swallowing disorders also in patients without
neurological pathologies.
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Aim. After a stroke, the recovery from ambulation issues
is one of the key objectives of rehabilitation. An important
debate is currently in act about efficacy and efficiency of ambulation training supported by robotic and electromechanical
devices, which is aimed at the independent ambulation of the
patients affected by cerebral stroke.
The purpose of this study is the evaluation of robotic-assisted rehabilitation (Lokomat) in the ambulation by post-stroke
patients.
Methods. Five patients who reached autonomous ambulation after a non-recent stroke (at least more than 9 months
after the event) completed 5 weekly sessions of Lokomat
- each of 30 minutes – within a period of 4 weeks, for a
total of 20 treatment sessions. Since independence, speed
and resistance are key ambulation elements from patients’
viewpoint, the rating scales we chose were Ten-Meter Walking Test, Six-minute-Walking Test and Functional Walking
Categories (FWC) applied at T0 and T20. Those outcome
measures offer important guidance about the efficacy and
efficiency in ambulation. Published literature focus on the
important psychometric characteristic Minimal Clinically
Important Difference (MCID) for the Ten-Meter Walking
Test (0.15 m/s) and for the Six-Minute-Walking Test (50 m),
which was used as a measure of relevance for rehabilitation
outcome. Furthermore, FWC included the possibility of
stepping from a value to the following one.
Results. Concerning the Ten-Meter Walking Test, none of
the patients achieved an improvement of 0.15 m/s (MCID).
Concerning the Ten-Meter Walking Test none of the patients
reached an increase of 0.15 m/s (MCID). Concerning the Sixminute-Walking Test none of the patients reached an increase
of 50 m (MCID). Concerning the FWC none of the patients
could reach a higher value.
Conclusion. This study did not identify any essential increase in ambulation speed or any functional improvement
after 20 training sessions supported by robotics in patients
suffering from non-recent stroke. Due to the small group of
subjects included in the study, it is not possible to reach ultimate conclusions; and perhaps, the measurement system for
robotic-assisted rehabilitation effects is too limited.

Electromyographic activation of quadriceps
femoris muscles during two different motor
tasks in patients undergoing arthroscopic meniscectomy
E. CASTELLI 1, A. FALETRA 2
1IRCCS Ospedale San Raffaele, Milano
2Private Practioner, Milano
Corresponding author: E. Castelli, IRCCS Ospedale San Raffaele,
Milan, Italy.

Aim. The arthrogenic muscle inhibition (AMI) is a reflex
phenomenon typically observed in patients after knee injury,
surgery or arthrosis. It is characterized by the inability to
fully and voluntarily contract quadriceps femoris muscles,
even in the absence of myofibers or motoneuron damage.1
Inhibition of the muscular recruitment leads to a persistent
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Figure 1.—Representation of the test subjects position: a)
start position; the subject has been lying in supine position,
knees flexed at 30° on an hard appropriate support. An external
resistance has been applied with the aim to get a right isometric muscular contraction during the EMG capture fase; b, c)
description of the two movements that the subject had to
think about and try to do (knee extension and hip flexion
movements) despite the applied resistance. Every isometric
contraction movement had to be performed as strong as possible. The four required movements (two B. movements and
two C. movements per each lower limb) have been submitted
with a balanced randomization.

reduction in quadriceps force.2 Intra-articular edema is the
primary cause of AMI; additional factors to be considered
are pain perception and the cognitive effects of pain anticipation.3 The aim of our study was to verify whether it could be
possible to by-pass any deficit of muscle function, through
the use of an alternative cognitive-motor task.
Methods. Two different maximal isometric exercises
of the quadriceps muscle (knee extention and hip flexion)
and their electromyographic activation have been compared,
with pain perception recorded (VAS) after each exercise. The
muscle length condition (30° of knee flexion) and contraction
intensity have been the same for all the healthy subjects and
patients undergoing arthroscopic meniscectomy (Figure 1).
The patient’s ability was assessed before and two days post
the surgery.
Results. Within of the patient group the quadriceps’
EMG activation, in the affected limb, was greater during the
hip flexion movement than the knee extension one (Table
I). This pattern has been observed both prior to surgery
and two days post-surgery. In the control group greater
activation has been recorded during the knee extension
movement, and during the hip flexion one movement the
EMG level activation has been similar across all muscle
bellies. Within the patient group the pain perception has
been recorded as higher during the hip flexion movement
both the days before and after surgery.
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Table I.—The table shows the average activation values of the muscular bellies, in the patients group (operated and non- operated limb)
and in the healthy one (right and left limb), during both exercises. The asterisk indicates significance statistical difference (p<0.05)
within the comparing of the same muscle belly during the two exercises (Wilcoxon test). The lower part of the table shows the average
values of the intensity of pain perceivedin the knee joint during the two excercise. The values of the VAS are expressed in mm on a 100
mm scale. Pre=the day before surgery; Post=two days later surgery; Baseline= pain perceived at rest.
Muscles

Patients group – operated limb - pre

Millivolt value of the knee
extension movement (task 1)

Rectus femoris
Vastus medialis
Vastus lateralis
Rectus femoris
Vastus medialis
Vastus lateralis
Rectus femoris
Vastus medialis
Vastus lateralis
Rectus femoris
Vastus medialis
Vastus lateralis
Rectus femoris
Vastus medialis
Vastus lateralis
Rectus femoris
Vastus medialis
Vastus lateralis

Patients group – operated limb - post
Patients group – non operated limb - pre
Patients group – non operated limb - post
Healthy subjects group - right limb
Healthy subjects group - left limb

1.43±1.35
1.75±1.44
3.74±3.26
0.27±0.28
0.28±0.27
0.61±0.50
2.12±1.27
2.74±1.78
3.67±3.33
1.83±1.08
2.45±1.52
3.46±2.94
2.88±1.25
5.32±4.38
6.04±3.69**
2.60±1.62
3.70±2.72
6.11±3.24*

Millivolt value of the hip flexion
movement (task 2)

3.11±2.18**
2.01±1.48*
3.66±3.18
1.20±0.95**
0.47±0.39**
1.02±0.70*
3.44±1.67**
2.42±1.25
3.31±2.52
2.95±1.88*
2.26±1.32
3.39±2.93
3.85±1.64
3.42±1.95
3.72±2.31
2.81±1.09
2.91±2.29
3.96±2.61

Pain perception (VAS)
N

Average

Standard deviation

Baseline Pre

10

3.60

9.75

Baseline Post

10

16.70

21.05

Operated limb - extension movement - Pre

10

17.90

20.02

Operated limb - extension movement - Post

10

29.40

31.99

Operated limb – hip flexion movement - Pre

10

18.70

21.75

Operated limb – hip flexion movement - Post

10

33.60

28.49

Discussion. It was hypotised that an interaction between
the EMG activity decreasing and the patient’s congitive behaviour exists. The fear of experiencing pain, or of creating
joint demage, could induce a reduction of the quadriceps
muscle activation.4
Conclusion. Our study suggests the possibility to increase,
despite the higher pain perception, the voluntary contraction
of the quadriceps muscle, in subjetcs affected by AMI, using
an alternative cognitive-motor task.

Reliability of finite helical axis parameters in
cervical kinematics
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Aim. The use of FHA is a stable approach and very common
in spacecraft dynamics and graphic imaging, nevertheless it is still
little used in clinical context and among medical professionals.
The dispersion of the 3D-motion axis has been used previously
to express the stability of the motion in cervical kinematics for
whiplash patients. The objective of the present study is the evaluation of the reliability of Finite Helical Axis (FHA) parameters for
the functional analysis of cervical movements.
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Table I.—Intraclass correlation coefficient (ICC) and the relative confidence interval for the finite helical axis parameters during three
cervical movements.

ROM
Ang vel.
Ang accel.
Ang jerk
Perc 1st harm
Area CH
Mean Angle

Flexion-extension
ICC (CI)

Left-right rotation
ICC (CI)

Left-right lateral bending
ICC (CI)

0.82 (0.72-0.90)
0.89 (0.80-0.93)
0.83 (0.76-0.89)
0.80 (0.72-0.91)
0.56 (0.40-0.72)
0.87 (0.77-0.95)
0.73 (0.54-0.89)

0.90 (0.84-0.96)
0.88 (0.83-0.96)
0.89 (0.82-0.94)
0.83 (0.71-0.94)
0.73 (0.61-0.91)
0.66 (0.45-0.88)
0.84 (0.73-0.95)

0.93 (0.88-0.96)
0.96 (0.89-0.98)
0.93 (0.81-0.97)
0.89 (0.74-0.95)
0.80 (0.65-0.92)
0.86 (0.79-0.95)
0.87 (0.69-0.94)

Methods. Thirty-five healthy subjects participated in the study.
Cervical movements were registered with the Polhemus-G4, a
non-invasive electromagnetic device, which tracks the positions of
sensors relative to a source in three dimensions. One sensor was
positioned on the subjects’ forehead and one on the chest. The subjects were asked to perform three series of movements of the head
(flexion-extension, left-right rotation, left-right lateral bending) at
a natural spontaneous speed during five different sessions in three
days. Data analysis was performed off-line using Matlab®. Seven
parameters were evaluated: range of movement (ROM, degrees),
angular velocity (rad/s), angular acceleration (rad/s2), angular jerk
(rad/s3), energy of the first harmonic of the Fourier transform of
the angular position (%), minimum area of the convex hull of the
intersection of the FHAs with a plane (cm2) during a movement,
and mean value of the distribution of angles between the FHAs
during a movement. Subjects were not considered if they had a history of headache or neck surgery or had received treatment for neck
or shoulder conditions within the past three months. The study
was approved from the Ethical Committee of Southern Switzerland and subjects signed informed consent forms.
Results. Table I shows the intraclass correlation coefficient
(ICC) of the seven parameters investigated. The ICCs represent the inter-session reliability of the seven parameters and are
shown for the three movements and the 35 subjects.
Conclusion. The parameters investigated show different
values of ICC with first harmonic energy and convex hull area
being highly dependent on the contraction type.1-4
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Significant and predictive variables for meaningful improvement in walking performance after
botulinum neurotoxin A (BoNT-A) in chronic
spastic patients
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Aim. Botulinum neurotoxin A (BoNT-A) may reduce lower
limb spasticity but its role in improving walking ability remains

Vol. 3 - No. 3

to be established. The main aim was to investigate the efficacy
of physiotherapy combined with simultaneous BoNT-A injections into several targeted spastic muscles of different joints
on gait speed and on functional gains in gait performance in
chronic stroke and multiple sclerosis patients.
Methods. Twenty patients affected by stroke or multiple
sclerosis were tested before, one and three months after BoNTA administration and physiotherapy. Gait was evaluated with
the 10 Meter Walking Test. Subsequently, patients were stratified into functional ambulation classes, such as household (<0.4
m/s), limited (0.4 to 0.8 m/s), and full community ambulation
(>0.8 m/s). Spasticity was assessed using the modified Ashworth
Scale. Based on outcome gait speed, subjects were further stratified in those who succeeded and those who failed to transition to
a higher ambulation class. Subsequently, to compare the characteristics of the two groups, at baseline and at three months after
treatment, a statistical analysis was performed using the t test
for independent samples or the U Mann-Whitney test, depending on normality distribution. The comparison between gait
speed at baseline, 1 month and 3 months after treatment was
performed with repeated measure ANOVA. Friedman test was
applied for comparing changes in the level of spasticity during
the three assessments. If these tests were significant, the presence
of a statistical difference between each assessment period was investigated with the Bonferroni post-hoc test. A linear regression
model was performed to verify whether the pre-post difference
in level of spasticity at proximal and/or distal joints was predictive of functional improvement of gait.
Results. At final assessment, spasticity was reduced in hip
adductors
and ankle plantar- flexors; gait speed improved and,
rd
1/3 of patients transitioned to a higher ambulation class.
The pre-post variation in level of spasticity of the hips was a
predictor for an increase in gait speed.
Conclusion. A meaningful improvement in walking performance can be obtained in chronic spastic patients after
physiotherapy and BoNT-A injection into several muscles.
Specifically, the spasticity reduction on hip adductors is the
predictive variable for significant gait speed improvement.1-5
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Figure 1.—Percentage gait speed variation for each patient at three months and mean value (± 1 SE) after treatment.

Limb apraxia: efficacy assessment of the available
training programs
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Aim. Over the past years, several characteristics linked to
Limb Apraxia (LA) obstructed research about this disease, so
there is no internationally accepted standardized rehabilitation

protocol at present. The aim of this study was: to search for all
the available training programs (TPs), to assess the best one
and to test it on a patient.
Methods. The key words we used in order to find the available TPs on PubMed and Pedro search engines were: ‘apraxia’,
‘apraxia treatment’, ‘apraxia rehabilitation’. The selecting criteria for the best TP were: the kind of study in which it was
assessed (RCT, case report), the kind of results achieved e.g.
improvements in neuropsychologic tests and in ADL performances. Our patient, a 61-aged man affected by post-ictus
LA, underwent the selected TP for ten weeks, with three 45
minutes-lasting sessions a week. The clinical results were as-

Table I.
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Figure 1.

sessed through: De Renzi’s Ideational Apraxia Test (IAT), De
Renzi’s Ideomotor Apraxia Test (IMAT) and the Barthel Index
Test (BIT).
Results. We found four different TPs: ‘Maher-Rothi-Greenwald’ method, Direct Training, Strategy Training and Gesture
Training (GT) (Table I),this one was selected for the treatment
of our patient (Figure 1). Outcome assessment: at the end of
the treatment, the patient showed an improvement of: 6 points
(from 30 to 36) in IMAT, 2 points (from 9 to 11) in IAT and 3
points (from 10 to 13) in BIT.
Discussion. GT is the best available TP because its results
were assessed in a RCT, were statistically significant in both
neuropsychological and ADL tests improvements, and showed
non-item specificity. Nevertheless we evaluated this TP in only
one patient, our results confirm the efficacy of this approach.
Conclusion. At present only two of the available TPs are
assessed through RCT.
Further studies should be needed to improve these methods
and to set other protocols in order to develop consistent effective evidence based guidelines.1-5
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Study of the efficacy of specific therapeutic exercise for the abdominal wall for the treatment
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Aim. This study aims to show the effectiveness of specific
exercise therapy to the abdominal wall for the prevention and
treatment of pulmonary conditions in patients who have undergone major abdominal surgery. Standard post-operative
care does not include specific rehabilitation of the affected organ but only the use of a compression abdominal belt; in cases
with high risk of complications, respiratory physiotherapy is
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Table I.—Treatment group.
Spirometric values

FVC
FEV1
FEV1/FVC
PEF
FEV6
FEF2575

Start

End

Difference (%)

Significance  (p)

3.19
2.80
87.83
6.49
3.18
3.46

3.49
3.09
89.12
7.31
3.52
3.79

0.30 (+9.4%)
0.29 (+10.35%)
1.29 (+1.5%)
0.82 (+12.63%)
0.34 (+10.7%)
0.33 (+9.53%)

0.0846
0.0615
0.5907
0.0653
0.0572
0.3184

recommended, although very few studies have examined its effectiveness.1
Methods. Twenty-nine patients were examined (22 were
included in the treatment group, 7 in the control group).
The most important respiratory parameters were measured by
spirometry; measurements were taken at the start and end of a
specific rehabilitation program for the abdominal wall that was
carried out twice a week for five weeks. The control group was
given an exercise sheet to follow at home aimed to strengthen
abdominal muscles.
Results. Over the course of ten sessions, spirometry revealed an improvement of all the variables taken into account,
particularly the peak flow meter, which increased by 12.63%
with a significance of P<0.1. These results were not observed in
the control group, where PEF and Tiffeneau index went up but
all the volume-related parameters went down with respect to
those measured at the start.
Discussion. The analysis of the results confirms that all
the parameters improved, particularly as far as muscle-related
spirometric indices were concerned. This led to an improvement of restrictive respiratory functions (i.e., the most serious
condition following major abdominal surgery) and to the prevention of medium- and long-term pulmonary complications.
Conclusion. At the end of the treatment cycle, patients’
respiratory physiological phenomena   had significantly improved; increased exercise capacity also meant better quality of
life. Specific exercise therapy has therefore proved effective to
achieve the goal set by this study.
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Methods. Through computerized randomization 45
healthy subjects have been divided in three groups: Thrust
group (cervical Cradle Hold manipulation targeted to C5-C6
segment, see Figure 1), Sham group (placebo treatment) and
Control group (no treatment). Each subject, before receiving
the described treatment, was assessed using individualized fatigue protocols generated through the use of an isokinetic machine. The fatigue outcome for the supraspinatus, infraspinatus and posterior deltoid muscles was assessed in each group,
before and after the treatment, measuring the EMG signals,
during 50 seconds in time-prolonged isometric contraction.
This shoulder muscles’ data was used to obtain and analyze the
ARFI MNF, ARFI MDF, ARFI ARV, ARFI RMS parameters.3
A comparison of the recorded data was finally performed.
Results. Statistical differences have been found for the
MNF and MDF in the supraspinatus and infraspinatus muscles among the groups. The results also demonstrated the ARV
and RMS percentage delta result to be statistically greater to
positive in the deltoid muscle (Table I).
Discussion. From the analyzed results, an interaction
between a single cervical manipulation and muscle fatigue
is plausible. The neurophysiological cause of the changes in
EMG, may be reflected in changes of the excitability of motor
neurons or changes in the descending-drive, as suggested by
other authors.4 These modifications can be induced through
the application of a correct manipulative technique performed
at the vertebral level.
Conclusion. From these results we can hypothesize an effect of spinal manipulation on modulation fatigue in the humerus’ external rotator muscles.

Effect of cervical manipulation on shoulder external rotator muscles fatigue
A. FALETRA 1, E. CASTELLI 2
1Private Practitioner, Milano
2IRCCS Ospedale San Raffaele, Milano
Corresponding author: A. Faletra, Private Practitioner, Milan, Italy.

Aim. Spinal manipulation is a mechanical input also applied to tissues of the vertebral column.1 Many studies have
attempted to examine the neurophysiological effects produced
by manipulation and many have found muscle spindle activity modification, a reduction of both acute and chronic
pain, changes to peripheral muscle EMG activity and cortical modification of somatosensory/sensorimotor integration
processes.2 No studies have been made to muscle fatigue directly. The aim of our study is to investigate the possible effects of a single “cervical thrust” on fatigue modulation in the
shoulder’s external rotator muscles in healthy subjects.

112

Figure 1.‑The used manipulation technique was the “Cradle
Hold”. The picture shows the position of the subjects respect
to the physiotherapist. The arrows indicate the direction of
the applied thrust (black arrow) and the induced movement
to the subject’s head (white arrow).
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Table I.—Percentage change of g pre/post treatment for the analyzed fatigue parameters whitin groups; the blue boxes indicate the parameters that have reversed their usdual trend. The purple circles highlight the data reached a statistical significance difference.
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A recent review about the effectiveness of acupuncture treatment compared with exercise
therapy in acute and chronic low back pain
D. FRANCIONE, V. PENNA, A. RONZA, L. SAVIANO,
C. IMPARATO, E. UTECH
Physiotherapy, Second University of Naples, Naples, Italy
Corresponding author: D. Francione, Physiotherapy, Second University of Naples, Naples, Italy. E-mail: davide.francione@gmail.com

Aim. Low back pain is a common musculoskeletal disorder defined as pain and soreness, muscle tension, or stiffness

Vol. 3 - No. 3

in the lumbosacral area of the spine which does not have a
specific cause. Low back pain results in high health costs and
incapacity to work causing an economic burden to society.1
The purpose of this review is to update the literature of the
clinical trials about the effectiveness of an alternative treatment, acupuncture, compared with exercise therapy in acute
low back pain (ALBP) and chronic low back pain (CLBP).
Methods. This review was made using articles found on
Pubmed database with the most recent release date (Jenuary 2012 to March 2013), using as keywords: low back pain,
acupuncture, exercise therapy.
Results. 55% of the acupuncture treatment articles demonstrates possible pain relief and disability recovery. 80% of
the exercise therapy treatment articles demonstrates a certain
long-term effectiveness for pain relief, disability recovery and
quality of life. There are additional benefits when acupuncture
is combined with exercise therapy.
Discussion and conclusion. Acupuncture has sparse and
inconclusive evidences treating ALBP and it is an effective
treatment for CLBP. Compared with no treatment, acupuncture achieved better outcomes in terms of pain relief, disability recovery and better quality of life, but these effects
were not observed when compared to sham acupuncture.
Exercise therapy has more long term effects improving quality
of life and reducing recovery time than in short term in which
there is only a temporary pain relief. If combined with massage
therapy there is also a disability decrease at immediate post
treatment. evidences of effectiveness. In ALBP both treatments are not demonstrated. Both in ALBP and CLBP acupuncture, combined with exercise therapy, has more benefits
than acupuncture alone. Anyway the present findings should
be confirmed by future studies.3 Exercise therapy in CLBP
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Figure 1.

Figure 2.

Figure 3.

Figure 4.
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the present findings should be confirmed by future studies.
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Figure 5.

Discrimination of extensor carpi radialis brevis
and longus activity: a high-density surface EMG
investigation
A. GALLINA, A. BOTTER
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Figure 6.

is probably the most widely used conservative treatment
throughout the world 4 with more evidences of effectiveness. In ALBP both treatments are not demonstrated. Both
in ALBP and CLBP acupuncture, combined with exercise
therapy, has more benefits than acupuncture alone. Anyway

Aim. Surface electromyography (EMG) is commonly used
to assess abnormal patterns of muscle activation in patients
with elbow musculoskeletal disorders,1, 2 even if this technique
was reported not to be appropriate for investigating single forearm muscles.3 As imbalances in the activation of the two heads
of the extensor carpi radialis (brevis: ECRb; longus: ECRl)
might play a role in elbow musculoskeletal disorders, the aim
of this study was to investigate whether surface EMG can discriminate the activity of ECRb and ECRl during isometric efforts.

Figure 1.—Examples of Root Mean Square amplitude maps of a representative subject. Black dots identify the channels representative
of high muscle activity automatically selected by the segmentation algorithm. The amplitude level is extracted by averaging a group of
3x3 electrodes centered on the channel showing the highest amplitude. The position of ECRb and ECRl can be distinguished along
the proximal-distal axis of the forearm.
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Methods. Ten healthy subjects performed a set of selective, isometric contractions in wrist extension, radial and ulnar deviation
at 20%, 50% and 80% of their maximal voluntary effort. Surface
EMGs were collected with a grid of 128 electrodes with 10mm inter-electrode distance placed over the dorsal portion of the forearm.
Monopolar amplitude maps (Root Mean Square value) were computed for each effort (over 3-second epochs, figure). In the three
movements, the portion of the grid corresponding to the highest
amplitude was automatically detected by using an automatic algorithm,4 and for each contraction the EMG amplitude of each
muscle was extracted from this area. According to previous studies,5 ECRb and ECRl were discriminated by using a ratio (ECRb
divided by ECRl). The effects of direction of movement and force
level on such ratio was tested with an ANOVA.
Results. Direction of movement influenced the ratio
(F=145.28, P<0.01), whereas force level did not (F=2.47,
P=0.09). Ratio values were (mean ± sd) 1.37 ± 0.26 during
extension, 1.02 ± 0.22 during ulnar deviation and 0.84 ± 0.27
during wrist radial deviation (Figure 1).
Discussion. Isometric wrist extensions and radial deviations at different force levels resulted in electromyographic patterns reflecting the activation of ECRb and ECRl muscles; the
force level does not appear to influence ECRb/ECRl in healthy
subjects, although a trend can be pointed out.
Conclusion. Abnormal patterns of activation of ECRb and
ECRl can be investigated in patients with elbow musculoskeletal disorders by using high-density surface EMG.
References
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The abdominal wall as an organ: surgical trauma and physiotherapy. Random clinic trial of
the efficiency of the treatment of patients who
have undergone major surgery
M. GAMBERINI 1, A. GIANNINI 2, S. TOMBETTI 3
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2Private Practitioner, Bologna, Italy
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Aim. Medium and long term complications are highlighted,1 according to life quality and low back pain 2 after
open abdominal surgery, connected to the multiple abdominal wall functions. The aim of the experimentation is
to verify the effectiveness of a specific exercise therapy.
Methods. Forty-for patients were tested(22 in the treatment group and 22 in the control group),  who had undergone major abdominal surgery with homogenous xifo-umbelical incisions. In the two groups the personal feeling of
health was   assessed by means of the SF-36 questionaire,
the function disability by means of the Oswestry disability
index and the presence of low back pain by means of the
Visual analogic scale, before and at the end of the five week
treatment. The patients in the treatment group received specific physiotherapeutic treatment focused on the abdominal
wall, while the patients in the control group followed the
usual hospital course and exercises which we had given
them to do at home.
Results. In the intra-groups study the treatment group
registered a significance variation (P<0.05) in all the scales
of the SF-36, the Odi and the VAS, while the control group
showed no significance changes. The Between Groups study
showed a significance statistic variation (P<0.05) in favour
of the treatment group in the “role-physical”, “bodily pain”,
and “role-emotional” scales of the SF-36, in the VAS in reference to low back pain and the Odi (Table I).
Discussion. The results obtained may confirm the importance of abdominal motricity rehabilitation and the physiotherapist’s compliance and support during the therapeutic
process of a patient who has undergone major abdominal
surgery. The limits of the RCT are: the small population
sample, the difficulty in finding specific organ scale.
Conclusion. As inferred by the results, specific exercise

Table I.
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therapy could improve the perception of a better life quality
and the reduction of pain, therefore the continuation in
this direction of study is highly advisable.1, 2
References
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Evaluating the efficacy of an educational program for clinical tutors: a project in the Physiotherapy Degree Course at the University of Bologna
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BARI 2, 3.
1Azienda Ospedaliero-Universitaria S. Orsola Malpighi, Bologna
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Aim. Despite the significance of the role of mentor/tutor in
supporting students in practice-based learning, research around
evaluation of programs to train tutors is very limited all over the
world,1-4 and there is no study concerning tutors in Physiotherapy. Although Kirkpatrick’ levels or other methodologies have
been proposed to assess the efficacy of educational programs,5
this task remains difficult to accomplish because of the lack of
outcome measures and of the large number of variables to control
for. The first aim of this study was to evaluate the perception of
impact of a course for clinical tutors in the Physiotherapy Degree
Course at the University of Bologna. We also aimed at achieving suggestions for the further development of programs like this,
assessing learning and reactions of the attendees, surveying the
persistence over time of knowledge and testing the effect of the
program on the performance of the students tutored.
Methods. Thirty-eight tutors attended the course. Self-administered questionnaires were used to test learning and satisfaction at the end of the training and to achieve perceptions three
months later or more. The results of practical examinations of
students, evaluations of tutors and students judgments were used
to compare tutors who did and did not attend the course.
Results. The response rate to the questionnaire at follow
up was 50%. The majority of respondents reported they use
the learning in their work with students; they were satisfied of
the course and thought that continuing education programs for
tutor would have been useful. Third-year students who had had
at least one tutor in the course passed their exams more often
than those who did not.
Discussion. No previous studies in the literature evaluated
the effectiveness of an educational program for tutors in Physiotherapy, however, the sample is too small to draw conclusions.
Conclusion. There is a need of a systematic evaluation of
such programs: this goal can be reached by improving data collection and by involvement of tutors.
Implications for practice. Educational meetings for tutors
should be systematically organized.
Implications for research. Outcome measures should be
shared, to allow comparisons across different studies.
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A study to explore the reliability of pain drawings using a novel method for defining pain extent and pain location
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Aim. Pain drawings (PDs) are a common method to investigate pain extent and pain location. Several methods for
shading and scoring PDs have been proposed resulting in different estimations of pain extent and pain location. Despite the
large use of PDs in clinical and research settings, the test-retest
reliability of PDs has never been investigated. The aim of this
study was to investigate the test-retest reliability of PDs using a
novel method for defining pain extent and pain location.
Methods. Twenty-nine patients with chronic low back pain
and twenty-three with chronic neck pain participated. Each
patient shaded two consecutive PDs (PD1 and PD2) with an
interval of one minute. PDs were shaded with a stylus pen on
an iPad®. PDs’s pixels were counted and Bland-Altman plots
were examined to provide a visual representation of size and
range differences between two consecutive PDs from the same
patient. The ICC and the Jaccard Similarity Coefficient were
used to assess the reliability of documenting the pain extent
and pain location respectively.
Results. The mean extent was 5888±4564 pixels and
6261±5029 for PD1 and PD2 respectively. The ICC value was
0.96 (95% CI: 0.94-0.98). In the Bland-Altman plot the values for the mean difference was -372 pixel, and the 95% limits
of agreement were -2710 to 1960 (Figure 1). The mean Jaccard
Similarity Coefficient between PD1 and PD2 was 0.62±0.18.
Results for the whole sample and two subgroups (low back
pain and neck pain patients) are reported in Table I.
Discussion. The test re-test reliability of pain extent between PD1 and PD2 was very high. Nevertheless the large variability of the pain extent between the subjects may determine
an overestimation of the ICC. The Bland-Altman 95% interval
of agreement was acceptable. Subjects shaded the pain extent
approximately in the same location.1-5
Conclusion. The results of this study suggest that PDs are a
reliable tool to measure the pain extent and its location. However further research is needed to investigate the reliability of
PDs in different patient populations with a larger sample size
and an estimation of the potential confounding factors.
Funding.—This study was supported by a grant from the
Thim van der Laan Foundation
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Figure 1.—The Bland-Altman plot showing the test-retest reliabilitry of the pain drawings.

Table I.—Mean extent, mean difference, ICC and Jaccard Index values of the whole sample and the two subgroups (chronic low back
pain and chronic neck pain.
N.

Mean (pixel)

Std. Deviation (pixel)

95% CI

ICC

Jaccard Index

Descriptive statistics
PD1
PD2
PD1 - PD2

52
52
52

5888:09:00
6261:01:00
-372.2

4564:01:00
5029:00:00
1190:07:00

(-703.6, -40.6)

Chronic low back pain Group
Descriptive statistics
PD1
PD2
PD1 - PD2

0,967
(95% CI: 0.943-0.981)

0.62
(SD=0.18)

29
29
29

5441:07:00
5577:07:00
-136.0

3984:06:00
4144:06:00
1204:02:00

(-594.1, 322.1)

Chronic neck pain Group
Descriptive statistics
PD1
PD2
PD1 - PD2

0,957
(95% CI: 0.943-0.981)

0.58
(SD=0.17)

23
23
23

6452:08:00
7122:07:00
-669.9

5242:08:00
5947:05:00
1129:00:00

(-1158.1, -181.7)

Whole sample
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Effects of linguistic training on the kinematics
of reaching and grasping gestures
C. SAMOIRAGHI 1, M. LOCATELLI 2, M. TETTAMANTI 3
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Corresponding author: M. Locatelli, Rehabilitation Department, San
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1Vita-Salute

Aim. Listening and reading action verbs lead to the activation of circuits of the motor and pre-motor cortex, mainly
in the cerebral areas of the mirror neuron system (MNS).1
Recently, it has been discovered that the motor training of
a specific gesture improves the language skills related to the
specific conceptual semantic domain associated to the trained
gesture.2 The objective of the study is to measure the effects
that the training of language skills induces on the execution
of motor tasks according to the specific semantic categories of
the trained verbs.
Methods. Seventeen healthy subjects with an age of
23.1±3.6 were divided into 2 groups (proximal and distal
group). They were engaged in 3 weeks of linguistic training
(15 sessions of 25 minutes) composed by a series of lexicaldecision, semantic-processing, attention, and memory tasks.
Proximal group was trained with proximal linguistic stimuli,
whereas distal group was trained with distal stimuli. Before and
after the training the kinematics of a motor task performed by
the right upper limb was acquired by an optoelectonic system
(Elite system). The motor task was performed after listening
to proximal (e.g. “I push”), distal (e.g. “I tie”) and abstract (e.g.
“I meditate”) sentences. The task of the proximal group was
reaching and pushing a button. Subjects of the distal group executed the motor task of grasping and lifting a coffee cup. The
reaction time (RT) as the time elapsed between the start and
the onset of the motor task was considered as measure. Student
t-test was used as statistical tests. Significance was considered
with a P value<0.05.
Results. Reaction time diminished after training in both
the two groups with specificity to the type of stimulus listened.
In the proximal group the RT significantly diminished only
after listening to proximal action-related sentences. Similarly,
in the distal group the RT significantly diminished only after
listening to distal action-related sentences (Figure 1).

Conclusion. The training of language skills, improves the
reaction time of the motor task corresponding to the specific
semantic category of the trained stimuli.
References
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Meta-analysis on the efficacy of electrical somatosensory stimulation on upper extremity’s motor recovery in stroke subjects
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Aim. Upper extremity paresis frequently may be a consequence of cerebrovascular diseases and represents one of the
most important limits to functional recovery. During last years
several studies investigated the effectiveness of approaches addressed to somatosensory cortex in motor recovery in subjects
after stroke. One of these approaches is the Electrical Somatosensory Stimulation (ESS), a transcutaneous stimulation
which elicits paresthesia in the stimulated nerve area and leads
to a reorganization of cortical areas associated to stimulated
zone.1 Application protocol consists of specific parameters of
frequency, wave length and pulse intensity, which have not to
provoke muscles contraction. Aim of this meta-analysis is to
describe the scientific evidences about the efficacy of EES on
upper extremity’s motor recovery in subjects after stroke.
Methods. Literature search is updated to 2012 June, and
it was performed in Cinhal, Embase, Medline, Pedro and Scopus databases. All RCTs and pseudo-RCTs that compare ESS
effectiveness on upper limb recovery versus placebo, no treat-

Figure 1.—The results of the pre-post comparison in the proximal (P) and in the distal (D) group. It is possible to note that only in
the congruent linguistically trained condition (proximal or distal) there is a statistically significant change of the reaction time.
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Figure 1.

ment or other treatment, were selected.2-7 Manual dexterity,
evaluated by Jebsen Taylor Hand Function Test and pinch grip
strength, assessed by Lateral Pinch Grip Test have been considered as outcome measures. Methodological quality of included
studies was evaluated by the “risk of bias assessing tool” as indicated in the Cochrane Collaboration Handbook.
Results. Six studies were included in the systematic review
and meta-analysis was performed on 5 of those. Three studies investigated the effectiveness of ESS on manual dexterity,
whereas 2 studies assessed the effectiveness of ESS on pinch
grip strength. Forest plot (Figure 1) related to manual dexterity presents a significant result (MD - 8.95 s, IC 95% -16.83,
-1.07). About the efficacy on pinch grip strength a non significant result was observed (SMD 0.38, IC 95% -0.30, 1.07).
Conclusion. This meta-analysis indicates that a 2 hours
protocol of ESS applied in subjects after stroke enhances
manual dexterity of the affected upper limb, increasing performance in the Jebsen Taylor Hand Function Test. On the
contrary, no evidences are at the moment available about the
ESS effectiveness on pinch grip strength.
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Reliability and diagnostic accuracy of the main
clinical tests used by evaluation lumbar instability: a systematic review
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Aim. The aim of the study was to evaluate the diagnostic
validity of common clinical tests used to identify patients with
structural and non-structural lumbar segmental instability. Patients with lumbar instability represent an important subgroup
in low back pain (LBP). Several clinical tests have been proposed to identify the subjects with lumbar instability. Previous
reviews had researched separately the diagnostic accuracy and
the reliability of these tests but today we acknowledge the lack
of a complete vision about: 1) the diagnostic validity of each
test (accuracy and reliability), and 2) the results, which can
be only indicative both in structural lumbar instability and in
non-structural lumbar instability (clinical instability).
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Methods. This was a systematic literature review. A Systematic review was performed from September 2012 to February
2013. Two reviewers conducted a research in Medline, Embase, Cinahl, Pedro and Scopus to identify articles in English
and Spanish about the following tests: Prone Instability Test
(PIT), Passive Lumbar Extension test (PLE), Aberrant Movements Pattern (AMP), Posterior Shear test (ST), Active Straight
Leg Raise test (ASLR), Prone and Supine Bridge test (PB and
SB). The quality of the articles they found were independently
evaluated by using the QUADAS (diagnostic accuracy) and
QAREL (reliability) scales.
Results. This systematic review identified 10 articles that
answered the research criteria. Two studies examined the diagnostic accuracy of PIT, PLE, ST and AMP showing on the
whole a sensibility between poor (AMP) and excellent (PLE)
and a specificity between moderate (PIT, ST) and excellent
(PLE and AMP). Nine articles investigated the reliability of
ASLR, AMP, PIT, PB, ST and SB showing variability between
uncertain (AMP), poor (ST) and good (PLE, PIT, ASLR, PB
and SB). The quality of the studies was on the whole between
moderate and excellent.
Conclusion. The diagnostic accuracy of the PLE test was excellent and its reliability is good. Against, the reliability of the
ASLR and PB and SB was good but there weren’t studies about
their diagnostic accuracy. These dates suggest that PLE is a good
test to detect lumbar instability, whereas, if we consider other
tests, it is not possible to indicate that one is better than another.
Probably, it is necessary to consider a cluster of tests in order to
have a wider possibility of detecting patients with lumbar instability. Besides, the majority of these tests have been correlated to
Dynamic RX as gold standard for anatomic-structural instability;
nevertheless, in order to investigate neuromotor control in the
lumbar region more accurately, it could be advisable to forward
other studies comparing data with an electromyographic device.

Therapeutic exercise classification according
to the International Classification Functioning Disability and Heath-version Children and
Youth for Children with Cerebral Palsy
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Physiotherapy, Florence, Italy
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Aim. The International Classification Functioning Disability
and Health- Children and Youth (ICF-CY) is recognized as a
valid global model to guide thinking and practice pediatric
physical therapist in managing childhood disability 1 but few
clinical practice examples are reported in the literature and specific classifications of therapeutic exercise within the ICF-CY
conceptual framework are lacking. The purpose of this work
is to classify, within the ICF-CY conceptual framework, the
therapeutic exercise regarding motor and sensory-perceptual
areas for children and youth with cerebral palsy (CP). This
classification will be useful to document and rationalize the
physical therapy intervention related to the exercise, to increase
communication between professionals and with the children’s
families, to promote research based on clinical practice improvement (CPI) methodology which addresses treatment “effectiveness”.
Methods. Different reference and clinical sources were
examined: 1) the ICF-CY manual;2 2) the Physiotherapy
Cerebral Palsy Treatment Checklist;3 3) the Pediatric Physical Therapy Intervention Activities data form;4 4) literature
evidence;5 5) trials carried out within Pediatric Physical

Table I.—The two bold arrows indicate the direct and prevalent relationship of kind exercise wit ICF components, the dashed arrows
indicate indirect relationship, the solid arrows are part of the diagram ICF and indicate the relationships between the ICF components.
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Therapy Master Course at the University of Florence; 6)
practical experience 2007-2012 within the Pediatric Physical Therapy Specialist Interest Group of the Italian Physical
Therapy Association (AIFI). Therapeutic exercise elements
related to motor and sensory-perceptual areas were classified
within the ICF-CY components (body functions and structures, activities and participation, environmental factors)
and relative domains.
Results and Discussion. A specific data form was created
that allows the classification of motor and sensory-perceptual
areas of therapeutic exercise for cerebral palsy within the ICFCY components and domains. While some elements may be
classified within one single component, others involve different components. This data form will be employed in clinical
practice, research, and educational settings.
Conclusion. Therapeutic exercise classification according
to ICF-CY offers a rational basis that helps physical therapist
to keep in account the impact of each exercise on the different
functioning disability and health components. The attribution
of some exercises to more than one ICF component and domains emphasizes the bidirectional relationship, typical of ICF
components.
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Normative values for indices of accuracy, speed
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Aim. In this study, we present a customized software designed to boost the capability of the Armeo®Spring device in
the assessment of reaching movements of adult neurological
patients by providing a set of indices assessing  precision, velocity and smoothness of the upper limb motion, along with their
normative values.
Methods. The following indices were computed based on
the 3D endpoint trajectory: global Hand Path Ratio (HPR)
local HPR in the area of the target   (locHPR), vertical and
horizontal overshoot (vertOS, horOS), maximum and mean
velocity (maxVel, meanVel), mean/maximum velocity, number
of peaks in the velocity profiles (NVelPeaks) and normalized
jerk (NormJerk) . These indices were selected with the aim of
investigating three different aspects of the motor task:  precision, velocity and smoothness .Twenty-five healthy right-handed subjects, aged between 21 and 74 years performed the “Vertical Capture” task of the ArmeoSpring® device, which is one of
tasks provided to assess the patient functional level. Available
weight reductions were set to their minimum values. The task
was repeated for all the available difficulty levels, from 1 to
4. All kinematic data measured by the potentiometers of the
device  and the endpoint trajectory, were acquired, by setting
a specific software registry key according to the device manual.
We investigated the dependency of the indices on the distance
and the direction between consecutive targets, and on the difficulty level of the task by means of an ANOVA test. Next, a
correlation analysis followed by a factor analysis was used to
identify and group indices assessing similar aspects of the motor task.

Table I.—Normative values for the computed indices during the “vertical capture” task, at the four available difficulty levels. See text
for detailes.
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Figure 1.—Screenshot of the output window of the developed software, with data of a stroke patient performing the “Vertical Capture” task. An asterisk in the first table indicates values statistically different from the normal range (P<0.05). Thick lines refer to track
#6, as outlined in the second table. The track length is much greater that the normal reference, due to the presence of several jerky
movements, as clearly outlined by the numerical indices.

Results. Normative values suited to be used for patients
comparison are reported in Table I. Based on both the regression and the factor analysis indices were split in three groups:
HPR, locHPR, vertOS and horOS dealing with the precision
of the task, meanVel and maxVel dealing with the movement
velocity, meanVel/maxVel, NVelPeaks and JerkNorm dealing
with the smoothness of the trajectory. This results support the
hypothesis of using the ArmeoSpring® and the custom-made
software to assess the different aspects of the motor control of
the upper limb motion.
Discussion and conclusion. We present normative values
for a set of indices of precision, speed and smoothness of the
reaching movement during the “vertical capture” task of the
Armeo®Spring device. The developed software (Figure 1) could
boost the use of this device by adding the quantitative assessment of precision, velocity and smoothness of the upper limb
motion. Moreover, the indices could be used to monitor the
efficacy of a rehabilitation treatment and provide a feedback on
the appropriateness of the selected intervention.1, 2
References
1. Norouzi-Gheidari N, Archambault PS, Fung J. Effects of
robot-assisted therapy on stroke rehabilitation in upper
limbs: systematic review and meta-analysis of the literature.
J Rehabil Res Dev 2012;49:479-96.
2. Zariffa J, Kapadia N, Kramer JL, Taylor P, Alizadeh-Meghrazi M, Zivanovic V et al. Relationship between clinical
assessments of function and measurements from an upperlimb robotic rehabilitation device in cervical spinal cord injury. IEEE Trans Neural Syst Rehabil Eng 2012;20:341-50.

Vol. 3 - No. 3
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Aim. Physiotherapy is universally considered the fundamental component of rehabilitation in children with cerebral palsy (CP). Currently, however, it appears not to be
sufficiently defined. In fact, most international literature
describes physiotherapy either generically (traditional/standard/background / routine) or by means of the eponym of
the inventor of utilized method (i.e., Bobath, Kabat, etc.).
This study intends to create a checklist capable of describing the different modalities employed in CP children physiotherapeutic treatment by means of a common, universal,
standardised language.
Methods. The checklist was compiled by a paediatric physiotherapists group, through analysis and discussion of clinical
video clips, under the supervision of the Child Rehabilitation
Unit of Reggio Emilia Hospital. The checklist was discussed
and shared among several professionals and applied in some
practical experiences. Afterwards, a reliability study was formulated and carried out by eight expert physiotherapists using
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an inter-rate agreement model, measured according to Cohen’s
kappa coefficient.
Results. The checklist analyses therapeutic proposals
through physiotherapy session and activities directed at life
context description. The checklist consists of items and variables and is accompanied by definitions and demonstrative
videos. In the reliability study, all the checklist items obtained
a high level of agreement revealing that the language used was
clear and easily interpretable.
Discussion. The checklist is aimed at describing the treatment of CP children, but could be suitably applicable, with appropriate adaptations, to other childhood or adult disabilities.
The checklist offers a basis for the classification of various
components of the treatment and represents a contribution to
the difficult identification of the “active ingredients” of physiotherapy, which, having the characteristics of a complex intervention, is built up of a number of components, which may act
both independently and inter-dependently.1-5
Conclusion. The checklist, which suggests the use of a
non-bias standardised form of description of physiotherapeutic treatment, should have a clinical rehabilitation impact in
facilitating interaction between specialists, communication
with families, development of comparable research trials and
advancement in specific expertise.
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Aim. Chronic non specific low back pain is a common
problem. Loss of proprioceptive acuity is an element that can
contribute to motor impairments. Recent literature suggests
that two point discrimination (TPD) threshold at the back
is greater in patients with back pain than in healthy controls,
and greater TPD threshold at the back relates to decreased
voluntary lumbopelvic control. The aim of the study is to
verify if a 6 week sensory discrimination training improved
TPD threshold, low back pain, function, motor control and
body image in a sample of CLBP patients.
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Methods. This was a blinded randomized study. The
study involving a sample of 77 patients with chronic non
specific CLBP. Inclusion criteria: aged between 18-65 years,
low back pain more than 12 months, for at least 90 days
within the past year. Exclusion criteria: red or yellow flags,
structural pathologies, spine surgery, and pain below the
knee. Patients were evaluated by a physiotherapist, completed a body chart, the Oswestry Disability Index (ODI),
the Roland-Morris Disability Questionnaire (RMD) and two
100-mm VAS to describe both back pain at the moment of
evaluation and average back pain. The TPD was assessed
bilaterally in the back. The movement impairment evaluation was based on Movement System examination purposed
by Sahrmann. The sample was divided into two groups by
randomization: 40 patients were submitted to the sensory
discrimination training, while 37 in the control group. The
experimental group underwent 3 session per week lasting 6
weeks. All the subjects were evaluated at baseline (t0), at 6
weeks (t1) and after another 6 weeks (t2).
Results. Baseline characteristics between groups were
similar for all variables. Movement impairment evaluation
at t1 demonstrated an improvement in treated subjects on
rotation signs, extension signs and total symptoms. Patients
had a significant improvement of pain intensity (VAS mean
t0=4.8 mm and VAS mean t1=2.9 mm, p=0.015). The ODI
and the RMDQ scales showed a significant decrease after
the period of training. Improvements at t1 were kept at t2.
Conclusion. Based on our data tactile training might
play a role in improving symptoms and motor control in
subjects with LBP.1-3
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Aim. Axial impairment and gait disturbances are main causes
of disability in Parkinson’s disease (PD). While pharmacological
approach rarely achieves complete control, a multidisciplinary
strategy seems advisable. The aim of the present study was to
evaluate the effects of a Global Postural Rehabilitation (GPR)
program on motor symptoms and gait parameters of patients
with PD by means of three-dimensional motion analysis study.
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Methods. Ten subjects with clinical diagnosis of PD were
enrolled (study group). Age, sex and disease duration-matched
PD patients were recruited as a control group (no treatment).
Three-dimensional motion analysis was conducted by means of
a stereophotogrammetric system. After basal evaluation, the
study group underwent a specific rehabilitation program consisting of individual 40 min GPR daily sessions, 3 days a week
for 4 consecutive weeks. Neurological status and spatiotemporal gait parameters of the two groups were evaluated at study
entry (t0), at 4 weeks (t1, end of rehabilitation protocol) and at
8 and 12 weeks (t2 and t3, follow-‐up evaluation).
Results. At baseline evaluation, the two groups did not differ in clinical features and gait parameters. At the end of rehabilitation protocol (t1) and at follow-‐up evaluation (t2 and
t3), a significant improvement in temporal gait parameters and
motor scores was observed in all treated patients as compared
to baseline and controls.
Discussion. Temporal gait parameters improvement is
possibly due to muscle stretching that might represent a pure
proprioceptive stimulus. In the absence of other active cues,
static muscle elongation could at least promote a tonic stretch
behavior. Moreover, at both 4 and 8 weeks after completion of
the treatment, motor scores were still significantly lower than
baseline values, thus suggesting a long-term efficacy of GPR in
ameliorating motor disability and global clinical status.
Conclusion. Our preliminary findings showed that significant improvements in mobility and gait parameters of PD
patients can be obtained through GPR treatment, with a parallel improvement in clinical status. Quantitative analysis of gait
pattern can be considered a useful tool to assess the efficacy of
rehabilitation interventions in patients affected by PD.1-5
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Aim. One of the principal symptoms of the chronic obstructive pulmonary disease is dyspnea. This, meant as “ air
hunger”, in the third and fourth stadium of the COPD is so
invalidating that a normal daily activity is compromised. The
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Figure 1.—Combined application of kinesiotaping in pectorals
and  sternocleidomastoid muscles.

Table I.—Results.
Standard
Mean
		
deviation
p-value
Before
After
Before
After
the
the
the
the
application application application application

MIP
MEP
SPO2
VAS
BORG
BORG
two days
after

23.2
37.85
93.65
4.23
4.75

27.40
38.36
95.25
3.87
4.37
3.71

36.28
36.72
3.700
2.647
2.121

43.025
37.87
1.035
2.735
1.995
2.058

0.07
0.4
0.08
0.1
0.07
0.13

study evaluates if the application of kinesiotaping in respiratory
muscles, decreases the dyspnea in patients affected by COPD.
The research in biomedical databases didn’t lead to any result.
This is the first study on this topic.
Methods. The sample consisted of 8 patients, including 3
females and 5 males with a mean age of  75.1 (range 64-84).
Patients were selected by dott.Praticò, pulmonologist of Hospital Bufalini in Cesena. Patients included in the study had to
have: good internistic stability,   intact skin and COPD with
relevant dyspnea syndromes. Before the application we measured these parameters: SpO2 (with a oximeter), Maximum
Inspiratory Pressure and Maximal Expiratory Pressure (with a
pressure gouge), VAS and Borg scale modified. After that kinesiotaping was applied in inspiratory accessory muscles: sternocleidomastoid, pectoralis maior, diaphragm and paravertebral
muscles. Then the measurement of all parameters were repeated. Two days later was registered Borg dispnea by a phone call.
Results. The final results had been obtained by calculating
the average with relative standards deviations and Student test.
All the results obtained are shown in Table I, Figure 1. MIP
represents the strength of the inspiratory muscles and is the parameter with largest increase. The study is related to the inspiratory accessory muscles therefore it is confirmed  that the less
relevant result was obtained with MEP, that asses the strength
of the expiratory muscles. Borg dyspnea measured two days
later has improved. Critical points are: the number of samples
were few and the scales VAS and Borg dyspnea are subjective.
Conclusion. Were obtained improvements in all parameters (p-values   close to   the statistical significance), specially
in Borg scale e in MIP, so Kinesiotaping has a tendency to in-
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crease the strength of accessory respiratory muscles.  In conclusion kinesiotaping may have a role in the decrease of dispena.1-6
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Validation of instrumental indices for the upper limb function assessment in neurological
patients

WMFT score: HPR (rho = -0.51, p<0.01), locHPR (rho =
-0.40, p<0.01) and horOS (rho = -0.35, p<0.01). Among velocity indices, meanVel (rho = 0.36, p<0.01) but not maxVel
was correlated with the WMFT score. All smoothness indices
were correlated with the WMFT score: mean/max Vel (rho
= 0.49, p<0.01), NVelPeaks (rho = -0.43, p<0.01), NormJerk
(rho = -0.49, p<0.01).
Conclusion. Instrumental indices were in accordance with
the WMFT scores. These instrumental indices could be used
to integrate and support the clinical evaluation of the upper
limb function, as they separately assess the impairment in the
overall control ability, in the velocity generation ability and the
presence of jerks. Moreover, these instrumental indices could
be used to track the patient’s motor recovery over time during
the rehabilitation period.1, 2
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Aim. Passive robotic exoskeletons are increasingly being
used in the rehabilitation of the upper limb function in subjects
with neurological disorders.1 We developed a customized standalone software that boosts the capability of the ArmeoSpring®
device in the assessment of reaching movements of adult neurological patients by providing a set of indices assessing precision, velocity and smoothness of the upper limb motion. In
this study we tested the concurrent validity of these indices by
comparing them to a clinically validated scoring system such
as the Wolf Motor Function Test (WMFT) 2 in a sample of
neurological patients.
Methods. Eleven patients whit neurological diseases, aged
between 36 and 79 years, participated in the study. The residual upper limb function was assessed twice by the WMFT
and by the numerical indices.The WMFT provides a quantitative measure of upper extremity motor ability through timed
and functional tasks. Numerical indices were computed by a
custom-designed software based on the 3D endpoint trajectory of the exoskeleton, during the “Vertical Capture” task
of the Armeo Spring ® device. Four instrumental indices
assessed the movement precision: global Hand Path Ratio
(HPR), local HPR in the area of the target   (locHPR), vertical and horizontal overshoot (vertOS, horOS). Two indices
assessed the maximum and mean velocity (maxVel, meanVel). Three indices assessed the trajectory smoothness: mean/
maximum velocity ratio, number of peaks in the velocity profiles (NVelPeaks) and normalized jerk (NormJerk). Indices were
compared to the clinical WMFT score, used as gold standard,
by the non-parametric
Spearman’s correlation coefficient.
Results. Three precision indices were correlated with the

Aim. Constraint induced movement therapy (CIMT) is a
rehabilitation approach for arm paresis consisting of an intensive
treatment program. The high demand of resources for CIMT is
a critical issue for its implementation in the Italian Health System. The aim of this paper was to compare the effects in the
short-time of a reduced-intensity modified CIMT (mCIMT)
program, that included splinting the unaffected arm for 5 hours
daily associated with 3 hours of intensive training for the paretic
arm, with the effects of a conventional rehabilitation program
(usual-care) for arm paresis in patients with stroke.
Methods. Five patients with hemiparesis (1-2 months
poststroke) who could extend the fingers at least 10° and the
wrist at least 20 ° were randomly assigned to mCIMT or conventional rehabilitation group. Participants were selected from
patients hospitalized in the rehabilitation department of Lugo
unit hospital. Each group underwent 15 treatment sessions (5
d / wk for 3 weeks). Patients were assessed with the Motricity
Index, the Nine Hole Peg Test, the Functional Independence
Measure (FIM) and the SF-36 questionnaire, before and after
treatment.
Results. In the experimental group there are obvious improvements in the pinch grip item of Motricity Index and a
considerable increase of the motor skills of the paretic hand in
patients who had already good skills at baseline. It can also be
noted, in the study group, a decrease of limitation in daily life
activities resulting in hemiparesis. Finally, in the study group,
the most significant improvements compared with control
group, were those obtained with SF-36 both in physical and
mental health, showing an improvement of quality of life and
the same perception that the patient has it.
Conclusion. Despite the small number of patients, the
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results obtained in this study suggest a greater Constraint Induced Movement Therapy efficacy in patients with upper limb
paresis poststroke.

Effects of treatment with motor relearning programme in subjects with chronic stroke
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Aim. The MRP of Carr and Sheperd 1, 2, 3 suppose that a
repetitive exercise and intensive training in functional tasks relevant to the patient can be the critical stimulus to the brain reorganization. The aims of this paper were to evaluate the effect
of MRP on functional limitations, disabilities, disability and
quality of life in patients with chronic stroke and to compare
the results obtained with treatment of MRP and AFA program
(adapted physical activity).
Methods. Randomized cross-over study in patients with
chronic stroke where we compare MRP treatment with AFA
program. We have defined inclusion criteria and exclusion.
After an initial assessment subjects were inserted random
(draw) in 2 group: one continued the AFA and the other did
MRP. There was a second assessment for one month and after
the program of 2 groups was reversed; the third evaluation was
there after an another month.
The final evaluation was made after 3 months (Figure 1).
The program with MRP had sessions of 2 hours 3 times a week

for a period of 1 month; in each session the patient followed
the treatment on 10 workstations with balance exercises, endurance and dual task.
Results. The study was conducted on 30 subjects, 15 for
each group; we have not found statistically significant differences between the 2 groups. After the MRP treatment in
both groups there was a statistically significant improvement
of motor impairments, functional limitations and disabilities.
The distance in 6 MWT did not present statistically significant
after MRP, but there was a tendency to improve (Table I). Finally we noticed that the improvements obtained with MRP
were maintained after the reintegration of persons in AFA. The
results confirmed the hypothesis of the study that treatment
with MRP can improve motor function in chronic stroke; AFA
programs treatment was effective for maintaining the results.
Conclusion. There is a need to implement new methods
of rehabilitation intervention on patient with chronic stroke
aimed at emphasizing functional practice, intensive and repetitive; also emerges the need of studies designed to determine the
best integration between neuroriabilitation interventions and
maintenance programs.
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Figure 1.—Study design.
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Table I.—Results.
GROUP1 (N=15)
Baseline

GROUP2 (N=15)

after 1 month after 1 month after 3 month
MRP
AFA
AFA

Baseline

after 1
after 1 month after 3 month
month AFA
MRP
AFA

Media+ES

Media+ES

Media+ES

Media+ES

Media+ES

Media+ES

Media+ES

Media+ES

65,07+4,4

73,2+4,8*

75,3+5,1*

73,6+4,9*

65,5+7,8

70,4+6,1

74,8+6,4*

78,0+5,7*

67+5,9

73,6+6,2*

74,0+6,8*

73,5+6,3*

60,1+6,8

60,7+6,1

68,4+9,1*

65,4+8,5*

Scala di Berg (score)

33,87+2,4

39,7+2,1*

41,3+2,1*

40,7+1,8*

32,6+3,7

32,7+3,6

40,1+2,8*

40,9+3,4*

6-minute walk test (m)

103,5+13,4 119,13+14,0 121,1+16,2 117,1+15,0 106,6+17,1 110,6+15,8 129,9+17,2 125,9+15,6

Motor impairments
Motricity Index lower limb
(score)
Motricity index upper limb
(score)
Functional limitations

Short Physical Performance
Battery (score)
Disability

3,8+0,6

6,0+0,6*

5,3+0,5*

5,7+0,6*

3,9+0,8

3,9+0,8

6,1+0,8*

5,2+0,6*

Barthel Index (score)

73,33+5,2

81,9+4,2*

82,1+3,8*

82,4+4,2*

74,1+6,2

73,0+6,3

81,1+3,5*

80,6+3,3*

Nottingham Extended
Activities of Daily Living
(score)

11,0+1,0

12,2+1,4*

12,0+1,0*

13,0+2,0*

10,0+2,0

10,0+1,9

14,0+2,0*

13,0+1,0*

*P<0.05, from baseline.

Scientific publication productivity of Italian
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M. PACI 1, G. PLEBANI 2
1Unit of Functional Recovery, Prato Hospital, Prato, Florence, Italy
2Giuseppe Plebani, Private practice, Siena, Italy
Corresponding author: M. Paci, Unit of Functional Recovery, Prato
Hospital, Prato, Florence, Italy.

The consolidation of a profession depends on the work of its
members to improve the available body of knowledge.1 The work

Figure 1.—Number of authors per region.
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of monitoring of the Società Italiana di Fisioterapia (S.I.F.) has
highlighted an increasing number of articles indexed in Medline
published by physiotherapists (PTs) who are members of the Society.2 The purpose of this study was to analyse the scientific publication performances of italian PTs in the last 20 years.
Methods. The S.I.F. database was searched to identify members who were PTs and published articles in international peerreviewed journals. Than, all co-authors who were PTs were also
included. In addition, Google Scholar and Scopus web search
engine were searched using combinations of key words or appropriate subfields. All articles indexed in Scopus and Medline
from 1993 to 2012 were included. For each author, the following variables were extracted: total number of published papers
indexed in Scopus and Medline, total number of citations and
the H-index for SCOPUS only. In addition, the authors were
classified according to the region and the type of institution
in which they work: IRRCS and universities were classified as
research institutes, while local health authorities, other hospitals or private practice activities were classified as non-scientific
institutes. Comparisons were performed by parametric and
non-parametric tests, as appropriate.

Figure 2.—Number of articles per year (source: Scopus and
Medline).
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Results. One hundred thirty nine italian PT published 517
articles from 1993 to 2012. The number of authors was higher
in northern and central regions (p = <.001) (Figure 1). Authors
working in research institutes have higher mean number of
both articles and citations, when compared to those working
in non-scientific institutes (mean values 8.89 vs 4.16, p = .002
and 71.14 vs 33.95, p = .008), as well as mean H-index (mean
values 3.54 vs 1.61, p = .001), while no differences were found
between regions. The number of articles increased over years
(rho = .987, p < .001) (Figure 2).
Discussion. Despite the potential presence of a selection
bias for authors, results indicate an improvement of performances in scientific publication productivity of italian physiotherapists, with higher number of authors in northern and
central regions and better performances in scientific institutions.
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Effects of kinesiotaping on muscle activation
timing during gait in total knee replacement
subjects
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Aim. In total knee replacement (TKR) subjects an altered
timing of activation has been detected during gait, with a prevalence of knee flexor upon extensor muscles. Our experimental
study aims to verify the muscle pattern in TKR subjects and
assess the effect of a therapeutic application of Kinesio Tape
(KT) compared with a placebo.
Methods. We performed a surface electromyography
(sEMG) of rectus femuris (RF), vastus medialis (VAM), biceps femuris (BF) and semitendinosus (ST) during gait in 17
subjects (age 69.26±6.76) undergone TKR in the previous 10
days. The experimental group (n.9 - 7F, 2M) underwent
a KT facilitating application on RF-VAM and inhibiting
on BF-ST. The control group (n.8 – 6F, 2 M) underwent
a placebo application on the same muscles. All the subjects
performer the same rehabilitation programme. As secondary
outcome measures we collected Pain-VAS, 10m walking test,
and active ROM. A Z-test for non paired data was used for
intergroups analysis; a Student t-test for paired data was used
for within group analysis.
Results. The two groups have been identified as homogeneous as to the considered clinical variables. The sEMG data
show an altered muscle pattern with a prevalence of knee flexors, above all durin g the stance phase of gait in both groups.
Significant differences at discharge were found only in the experimental group as to the BF timing of activation (p=0.0027).
This study confirms the recent literature which underlines an
altered muscle pattern, linked to post-surgical inhibition, pain
and clinical history proved during our baseline assessment. The
non significant effect of KT applications may be related to
these topics and to the aided –gait (subjects used crutches)
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which could have modify the walking pattern.
Conclusion. TKR subjects show an altered muscle pattern during gait. KT seems not to have effects on the muscle
activation timing, except for the BF.1-5
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Evaluation of patient satisfaction and service
improvement in assistive technology for mobility devices
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Aim. The aim of this paper was to evaluate the degree of
satisfaction of 40 patients who use assistive device daily both
as a support in carrying out daily activities, both as a support
to the practice rehabilitation.
Methods. The data of this analysis were obtained by administering the questionnaire QUEST (Quebec User Evaluation of Satisfaction with Assistive Technology) in 40 patients
who receive home care and rehabilitation services using the
assistive device for at least one year. Were included devices
belonging to the category “Mobility Devices.” The purpose
of the analysis was to assess the degree of satisfaction of two
groups of users with different characteristics, regarding the
mode of acquisition of device; the first group, Group A,
consisting of   30 patients, scored the aid by “Public Health
Service”, the second, Group B, consisting of 10 patients, via
“Direct Purchase”, the aim is to highlight any differences in
satisfaction.
Results. Compared the results of the questionnaires
through the t-student test with a significance level of 95%,
a statistically significant difference only emerges from the
comparison of data on service satisfaction, differences in
device satisfaction and total satisfaction are minimal and not
statistically significant (Table I). outcome measures concerning
Table I.

Group A
Group B
p value

Device
Satisfaction

Service
Satisfaction

Total
Satisfaction

3.825
3.837
p=00.9635

2.517
3.375
p=0.006

3.422
3.695
p=0.2582
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Assistive Technology is useful and which are integrated into
large-scale surveys to the right to contribute to a deeper understanding of the benefits Assistive Technology in the processes
of autonomy of persons with disabilities.
Conclusion. is a clear need to ensure that patients an integrated course that focuses on the improvement of the service
evaluation as an integral part of a program of prevention,
treatment and rehabilitation, a task that can be done with
professional autonomy and ownership by the physiotherapist .
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Real-time elastography using an external reference material: a pilot feasiblity study on
achilles tendon
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Aim. Real-time elastography (RTE) is an ultrasound
technique to obtain a qualitative assessment of tissue elasticity. It is performed by compressing tissue and then producing a coloured image that reflects the elasticity pattern of
the tissue. The principle of RTE is that tissue compression
produces displacement within the tissue, which is less pronounced in harder than in softer materials. This technique
has previously been shown to be useful in the differential
diagnosis between benign and malignant tumours. Recently

Figure 1.—Experimental setup and ultrasound images. A) Position of the probe during longitudinal scan of the Achilles tendon.
B) Elaxto-Dual image including a b-mode (left) and RTE (right) of the Achilles tendon during longitudinal scan. C) Position
of the probe during transversal scan of the Achilles tendon. D) Elaxto-Dual image including a b-mode (left) and RTE (right)
of the Achilles tendon during transversal scan. Stars indicate the external reference material. Yellow dotted lines define the two
area (i.e. region of interest method) used to compute the strain ration. RTE, real time elastography.
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Table I.—Results of the test re-test sessions in four healthy subjects. L. left; R. right; Diff.. difference.
Longitudinal strain ratio

Subject
Subject
Subject
Subject
Subject
Subject
Subject
Subject

1L
1R
2L
2R
3L
3R
4L
4R

Mean (SD)

Transverse strain ratio

Scan1

Scan2

Diff.

Diff%

Scan1

Scan2

Diff.

Diff%

0.27
0.22
0.30
0.27
0.31
0.35
0.31
0.26

0.33
0.25
0.28
0.33
0.35
0.37
0.32
0.29

-0.06
-0.03
-0.02
-0.06
-0.03
-0.02
-0.01
-0.03

-22
-15
6
-22
-11
0-7
0-4
-12

0.16
0.15
0.26
0.15
0.17
0.17
0.13
0.18

0.17
0.12
0.24
0.17
0.20
0.16
0.28
0.20

-0.02
-0.03
-0.02
-0.02
-0.03
-0.01
-0.15
-0.02

0-11
0-20
-0 8
0-13
0-18
-0 8
-110
0-11

0.29 (0.04)

0.32 (0.04)

0.03 (0.02)

12 (7)

0.17 (0.04)

0.19 (0.05)

0.04 (0.04)

25 (35)

it has been used also to evaluate the musculoskeletal system,
especially in tendon disorders. The aim of this pilot study
is to explore RTE application using an external reference
material placed on Achilles tendon.
Methods. Four healthy subjects were recruited. Longitudinal and transversal RTE ultrasound (MyLab™ ClassC) images
of left and right Achilles tendon were acquired in a test-test
session (Scan1, Scan2). An external reference material (Zerdine®, CIRS, Inc., Norfolk), with known elastic properties, was
placed on the subject’s tendon and included in the b-mode
scans (Figure 1). A strain ratio between tendon and the external reference material has been computed offline using the
region of interest method. Descriptive statistics have been used
to summarize the results.
Results. Results are reported in Table I. The mean strain
ratio for longitudinal scans was respectively 0.29 for Scan1 and
0.32 for Scan2. The mean strain ratio for transversal scans was
respectively 0.17 for Scan1 and 0.19 for Scan2. The mean of
the difference of the strain ratio between the two scans was
0.03 for the longitudinal and 0.04 for the transverse scan. The
external reference material did not interfered with b-mode
scanning and allowed to perform the RTE. Additionally it allowed to compute among subjects the strain ratio including a
region of interest with known elastic properties. Strain ratio
values between sessions seem to be reproducible, and among
subjects similar.

Figure 1.—Voxel Based Morphometry (VBM) analysis representing the inverse significant correlation between brain lesion
and number of preserved muscle synergies.
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Conclusion. Preliminary findings indicate that RTE using an external reference material is feasible. Reliability of
RTE should be investigated in a larger sample including
patients.
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Relation between brain lesion and muscle synergies activation in stroke patients
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Aim. Recent evidence demonstrates that the motor system
has a modular architecture based on motor primitives, thus
groups of muscle can be activated as a single functional unit
(i.e. muscle synergy).1 Nevertheless, it is still unknown whether
in humans muscle synergies correspond to specific neurophysiological cerebral substrates. The aim of this paper was to estimate the correlations between the number of preserved upper limb muscle synergies and the cerebral areas damaged by
a stroke to find evidence of a central neural substrate for motor
primitivMethods. Six patients with ischemic stroke were studied: 3D structural images were acquired and muscle synergies
extracted from the affected upper limb sEMG recorded while
the patients performed controlled motor tasks.2 A region of
interest (ROI) analysis and 2 sets of voxel based morphometry
(VBM) correlation analyses (white and grey matter independently) were carried out.
Results. A significant inverse correlation between the
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Figure 2.—Region of Interest (ROI) analysis of the brain structures involved by the stroke lesion.

number of muscle synergies preserved and lesion volume
was found in the anterior cingulated (Figure 1). Moreover,
the internal capsule was significantly more involved by the
stroke lesion than other brain structures (χ2=6.049, p=0.014)
(Table I).
Conclusion. Stroke lesions in the deepest structures of the
white matter (particularly the internal capsule) are more likely
to disrupt a greater number of muscle synergies.
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Elderly people and chronic disease: a model
for physiotherapy case management in health
care residences
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Corresponding author: E. Utech, RSA “Residenza Posillipo”, Elderly
People Department of A.S.L. Napoli 1 Centro, Naples, Italy.

Aim. The increase of elderly disability and the foundation of
Health Care residences (RSA) requires: Elderly patient centred
care; More standerdized organization; A better quality-care.
The Elderly People department of ASL Napoli 1 needs
to consider the case management modalities in order to
standardize the physiotherapy treatment in all RSA. The aim of
this paper was to define a physiotherapy management model
combining use of designed physiotherapy record and efficacy
of the information recorded, to demonstrate over a period,
positive
1 modifiability with respect to of identified need/assessment.
Methods. In the period between March/2012-February/2013, 32 patients hospitalized were observed at the RSA
“Residence Posillipo”. According to degree of self-sufficiency
(ADL) we identify four types of patients: - 11 Totally depend-
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ent; - 8 Partially dependent; - 4 Autonomous (motor slowness); - 9 Autonomus. Tools used: physiotherapy record. The
patients were divided as follow: - 14 with incomplete or not
collected data (3 recent hospitalization, 7 uncooperative, 4
died or discharged); - 18 admitted with process assessment
(validate/repetable: ROM, PMCI, Tinetti-Scale and
ICF-profile), treated with customized program or physiotherapy in homogeneous group.
Results. During 2nd evaluation of 18 patients evaluated
and treated were: - 9 Improved: 5 (Tinetti), 4 (ROM); - 6 Stable 1 (Tinetti), 4 (ROM), 1 (PMCI); - 3 Worsened: 2 (Tinetti), 1 (ROM). To formulate and share for a physiotherapy
management model in RSA has been very important to collect
data and information recorded through a problem-oriented
physiotherapy record. This kind of tool allows to assess specifics needs, set goals and to measure outcomes, furthermore
it guides to formulate an appropriate plan for intervention.3-5
The availability of comparable data, together with the framework of the ICF, has allowed us to get the accurate functional
status of the elderly, useful to demonstrate over time a change
in the needs. and update the physiotherapic-treatment.2-4
Conclusions. The use of the designed physiotherapy
record helps the clinical reasoning process, allows the improvement of the data collection in rehabilitation settings of
so-called “low intensity” such as RSA. Information gathered
show a systematic work in order to implement the model of
case management of physiotherapy in RSA-Posillipo and extent it to other departmental residences.
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‘’Mirror Therapy’’ for upper limb motor recovery in patients with sub-acute stroke
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Aim. Nowadays an active rehabilitation treatment for motor recovery in severe neurological impairment of upper limb
(severe paresis or paralysis) doesn’t exist. The discovery of cerebral mirror system gave us the theoretic basis for the use of
Mirror Therapy (MT) for this kind of neurological lesion.
Methods. We enrolled and submitted to MT 7 consecutive
patients in our Rehabilitation Unit affected by severe paresis
or paralysis of upper limb. Subjects were 4 women and 3 men,
aged 52 - 85 years old (mean age 72.6 ± 10.9 years), without
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Table I.—Results.
Patient

FM b

FM e

FM e- FM b

1
2
3
4
5
6
7

8
7
6
9
28
6
14

39
35
13
19
39
43
50

31
28
7
10
11
37
36

cognitive disorders (such as dementia, aphasia, neglect). Four
patients were affected by ischemic stroke: 3 in vascular territory
of middle cerebral artery (MCA) and 1 of anterior cerebral artery (ACA); 3 subjects were affected by intracerebral hemorrage
2 in basal ganglia (BG) e 1 ACA, 4 with motor impairment on
the left side and 3 right side.
At the beginning of MT training each subject was in a subacute stage with time between acute event  beginning of MT
(tMT) 11 - 49 days (23.0 ± 15.1 days). We used upper limb
Fugl- Meyer Scale (FM) for motricity evaluation at beginning
(FMb) and the end of training (FMe), and Modified Ashword

Vol. 3 - No. 3

Type of stroke Vascular territory

Ischemic
Hemorrhagic
Ischemic
Hemorrhagic
Ischemic
Hemorrhagic
Ischemic

MCA
ACA
NB
MCA
MCA
NB
ACA

Side

tMT

Left
Right
Left
Left
Right
Right
Left

11
15
49
17
14
19
22

Scale for the evaluation of hypertone at the beginning and the
end of training. MT training was carried out for 4 weeks for 30
minutes each days for 5 days in a week.
Results. each patient showed an improvement in FMbFMe score (Table I). We highlighted no modification on muscles tone.
Conclusion. At the end of training all patients showed the appearance of new upper limb movements not presented at the beginning of training. Results seems to be encouraging although we
cannot quantify the influence of spontaneous recovery, because of
the sub-acute stage of stroke patients in our study.
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A randomized comparison of two different
exercises on the knee function in the treatment
of knee osteoarthritis: Pilates exercises
versus clinical-based physiotherapy
G. BALTACI, V. BAYRAKCI TUNAY, E. UNAL, N. YAGLI
Sports Physiotherapy Unit, Department of Physiotherapy and Rehabilitation, Hacettepe University, Faculty of Health
Sciences, Ankara, Turkey

ABSTRACT
Aim. The purpose of this study was to determine the effect of knee function on the function of knee in patients with
osteoarthritis by using either Pilates exercises or clinic-based physical therapy.
Methods. Forty females with bilateral knee osteoarthritis (Altman Grade II) were sequentially divided into 2 random groups (Group I to II). The patients in group I (N.=20) made Pilates exercise (45 min) and group II (N.=20)
made clinic-based physical therapy included in neuromuscular electrical stimulation (30 min) and isometric exercise
program (20 min) 5 times weekly for 4 weeks. The mean age and body mass index of the patients in Group I were
50±6.21 yrs and 28.06±5.06 kg/m2 and in Group II were 53.26±8.9 yrs and 28.52±5.13 kg/m2. Body weight and
body composition were measured with Tanita. Symptoms were monitored by the Western Ontario and McMaster
Universities’ Osteoarthritis index.
Results. The Pilates and clinic-based physical therapy weight reduction were 2.27% and 1.58%, respectively
(P<0.05), with a mean difference of 1.92% (1.59% to 2.5%). The total osteoarthritis index improved in both group,
mean difference; in Group I 76.8±27.7 and in Group II 85.2±24.5, changes in total symptom index were best predicted by the reduction of body fat percent, with a 59.09% (46.9% to 108.8%) improvement in osteoarthritis index.
Conclusion. Knee function by 59% was improved in patients with knee osteoarthritis. This study evaluates an
innovative Pilates exercise that aims to reduce knee pain and improve function in people with knee osteoarthritis.
Results seem to show that Pilates might be of advantage to increase the quadriceps strength and walking performance
by using symptoms index for knee osteoarthritis.  (It J Physiotherapy 2013;3:134-42)
Key words: Knee - Osteoarthritis, knee - Exercise movement techniques.

O

steoarthritis (OA) is a leading cause of
long-term disability and chronic health
problems and has a high economic burden.1 A
great deal of research relates to knee OA, as the
knee is a commonly affected joint.2 Knee OA
is a prevalent musculoskeletal condition affecting older people, causing pain, physical disability, and reduced quality of life. It also imposes
a considerable economic burden on the health
care system.3
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The current goals in knee OA management are
to reduce pain, maintain or improve joint mobility, and limit functional impairment, as there
are no currently approved diseases modifying
drugs for OA.4 Clinical practice guidelines have
been proposed as a strategy to facilitate the use
of research evidence in practice. Physiotherapy
is a non-pharmacological intervention for knee
OA recommended by the American College of
Rheumatology (ACR) and the European League
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Figure 1.—CONSORT flow diagram.

Against Rheumatism (EULAR).5 It encompasses
numerous treatment modes including exercise,
manual techniques, knee taping, and education to impart patient self-management strategies. Most studies of physiotherapy for knee OA
have evaluated individual components, but this
does not reflect typical clinical practice.6-10 Land
based exercise regimens and strengthening exercise programs have reported positive improvements in functional performance and reduction
of the pain of OA.
Two systematic reviews by Puett and Griffin
and Van Baar et al. evaluating the effectiveness
of exercise therapy in patients with OA of the
hip or knee concluded that exercise therapy was
effective for this patient group as a range of beneficial effects were seen, including improved pain
levels, physical function, and self reported disability but the optimal exercise regimen has not
been determined.11, 12
Pilates exercises develop core strength, integrating the trunk, pelvis and shoulder girdle.
By emphasizing proper breathing, correct spinal
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and pelvic alignment, and complete concentration on smooth, following movement, patients
become acutely aware of how their body feels,
where it is in space, and how to control its
movement. Quality of movement is valued over
quantity of repetitions, and proper breathing
is essential as it helps execute movements with
maximum efficiency.13, 14 The Philadelphia Panel
was convened to evaluate the strength of the scientific evidence on the efficacy of therapeutic
exercises except for Pilates exercises for patients
with OA.15 According to a recent meta analysis performed by a Philadelphia Panel, there is
strong evidence that neuromuscular electrical
stimulation (NMES) is effective in managing
OA knee pain; however, there is limited evidence
to support its effectiveness in improving physical
function. In fact, pain is one of the major factors
restricting physical function. Pain, weakness,
and physical dysfunction form a vicious cycle
as the disease progresses. It is unclear if NMES
produces an improvement in physical function
parallel to pain reduction.15
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To our knowledge there are no published
studies related to Pilates exercises of the knee
OA treatment practices of physiotherapists. To
build the evidence base for non-pharmacological
management of knee OA, we aimed to determine whether any physiotherapy benefits could
be maintained by increasing muscle strength on
knee function. It was hypothesized that Pilates
exercises would be superior to a clinic-based intervention on pain, and muscle strength on knee
function.
Materials and methods
We recruited 40 female patients with osteoarthritis of the knee (mean age=51.63±7.5
years-old) were randomly assigned to receive
treatment for osteoarthritis without surgery at
the outpatient department of the Sports Physiotherapy Unit at Hacettepe University. A randomized, clinical trial design was used. Randomization was designed according to the random
cases sample in an SPSS-program and eligible
patients were allocated to the Pilates or clinicbased group. The final data is provided in the
flowchart in Figure 1. All patients were referred
by physicians to physical therapy for osteoarthritis of the knee. If the patients met our inclusion criteria, they were offered the opportunity
to participate. Subjects in both groups provided

descriptive data for age, height, weight, duration
of symptoms, the presence of symptoms in one
or both knees, previous surgery, medications,
exercise frequency, and perceived exertion levels.
The body weight and body composition were
measured with the model of TBF-300M from
TANITA Corp. Informed consent was obtained
after screening for inclusion and exclusion criteria.
The main inclusion criterion was a diagnosis
of OA of the knee based on fulfillment of one
of the following criteria developed by Altman et
al.:16 1) knee pain, age 38 years or younger, and
bony enlargement; 2) knee pain, age 39 years or
older, morning stiffness for more than 30 minutes, bony enlargement; 3) knee pain, crepitus
on active motion, morning stiffness for more
than 30 minutes, and bony enlargement; or 4)
knee pain, crepitus on active motion, morning
stiffness for more than 30 minutes, and age 38
years or older. Altman et al. found these criteria
to be 89% sensitive and 88% specific. Inclusion
criteria (based on the clinical and radiological criteria defined by the American College of
Rheumatology for knee osteoarthritis) included
age ³50 years, knee pain on most days of the past
month, osteophytes on X-ray (as assessed by an
experienced radiologist), and pain or difficulty
in rising from sitting or climbing stairs.
Exclusion criteria included physiotherapy or

Table I.—Characteristics of the groups.
Pilates-based Group

Body weight (kg)
Body Mass Index (BMI) (kg/m²)
Fat percent (%)

Clinic-based Group

Mean

SD

Mean

SD

75.31
29.10
30.42

12.94
4.75
4.55

73.59
28.52
30.83

13.06
5.13
6.33

P<0.05.

Table II.—Pre-treatment analyze of the groups.
Pilates-based Group
M

WOMAC
TGG (s)
10-m walking (s)
HAQ
VAS (cm)
Quadriceps strength (J)

136

136.80
5.57
6.26
17.22
8.31
7.13

SD

30.80
0.3311
0.36
2.64
0.92
0.76

Clinic-based group
M

137.10
5.47
6.12
17.17
7.23
6.46
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SD

30.77
0.34
0.30
3.67
1.67
0.57

F

P

0.07
0.32
1.62
1.54
0.72
3.30

0.79
0.57
0.21
0.22
0.40
0.07
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Table III.—Mean and standard deviations in Pre- and Post- Treatment Results of the Groups
Pilates-based Group

Clinic-based group

Pre
M

WOMAC
TGG (sec)
10m WALKING (sec)
HAQ
VAS (cm)
QUADRICEPS
STRENGTH (J)
FAT %

Post
SD

Pre
M

Post

M

SD

SD

M

SD

136.80
5.57
6.26
17.22
8.31
7.13

30.80
0.3311
0.36
2.64
0.92
0.76

59.94
5.34
5.87
8.66
0.92
8.06

22.92
0.30
0.39
1.68
0.90
0.95

137.10
5.47
6.12
17.17
7.23
6.46

30.77
0.34
0.30
3.67
1.67
0.57

51.87
5.15

20.72
0.27

8.41
3.58
6.92

3.10
2.78
0.58

30.42

4.55

30.42

4.55

30.83

6.33

28.80

5.48

Table IV.—Pre- and Post- Treatment Differences of the Groups
Pre- post differences

WOMAC
TGG (sec)
10m WALKING (sec)
HAQ
VAS (cm)
QUADRICEPS STRENGTH (J)
FAT %

Pilates-based Group
M

SD

T

76.86
0.22
0.38
8.55
7.38
-0.92
1.36

27.73
0.13
0.27
2.14
1.33
0.40
2.04

11.75
7.49
5.99
16.89
23.49
-9.67
2.82

Clinic-based group
P

0.000
0.000
0.000
0.000
0.000
0.000
0.012

M

SD

T

85.22
0.32
0.29
8.76
3.64
-0.45
2.44

24.52
0.23
0.17
2.53
2.54
0.45
1.71

14.32
5.52
6.88
14.23
5.90
-4.11
5.85

P

0.000
0.000
0.000
0.000
0.000
0.001
0.000

P<0.05

knee surgery (in a previous 12 months), lower limb
arthroplasty, or intra-articular steroid injections
(in the previous 6 months), a systemic arthritic
condition, concomitant inflammatory arthritis;
chondrocalcinosis seen on knee radiographs a severe medical condition, or a body mass index of
more than 36 kg/m² or crystal arthropathy.
After their first visit to the physiotherapy
clinic for the assessment, the patients were sent
to a physiotherapist (EU for Pilates and NY for
clinic-based), who was blinded to the group allocation, for assessment of their muscle strength
by using isokinetic system (VBT).
The subjects in the present study were randomly and blindly assigned by the author (GB)
into two groups upon their arrival; group 1
(N.=14 patients) received the Pilates (EU), and
group 2 (N.=14 patients) received the clinicbased (NY).
Assessment of knee pain
To evaluate pain symptoms, we chose the
VAS. It was quantitatively measured using a 10-

Vol. 3 - No. 3

cm visual analogue scale with a scale from 0 (no
pain) to 10 (unbearable pain) for maximum and
overall knee pain for the knee studied.17, 18 Patients were asked to indicate their pain level by
placing a mark along this horizontal line. The result was than indicated with a number from 0 to
10, given that the horizontal line is 10 cm long.
This scale was chosen because of its reproducibility and reliability in monitoring the progress
of pain of individual patients.
Knee pain and related symptomatology
The primary outcome measure in this study
was the Western Ontario and McMaster University (WOMAC). Participants completed the
WOMAC Osteoarthritis Index,19 a well-validated, 24-item instrument that assesses pain (5
items), stiffness (2 items), and physical function
(17 items). High WOMAC scores reflect high
self-perceptions (greater severity) across the domains measured by the scale. The WOMAC,
which was specifically designed to evaluate patients with OA of the hip or knee, has been
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Figure 2.—Pre- and post-treatment differences of the groups.

shown to be a highly responsive, multidimensional outcome measure that yields moderately
reliable and valid scores. The WOMAC Turkish version is held to be accurate by Tuzun et al.
which provides the Turkish version used in this
study.20
Physical function tests
We measured physical functioning by using
the distance walked in 10m and a timed up and
go test (TUG) (i.e., the time it takes to stand up
from a seated position, walk for 3 meters, turn
and walk back to the chair, and sit down). These
tests are reliable markers of performance capabilities, correlate well with walking time, and have
both concurrent and convergent validity.21
Following pretreatment measurements, subjects received a standardized clinical examination.
Treatment protocol
The patients in Group I made Pilates exercise (45 min) 3 times weekly for 4 weeks and
the mean age and body mass index (BMI) of the
patients in GI were 50±6.21 yrs and 28.06±5.06
kg/m².
The rehabilitation protocol was based on the
principles of the Pilates method.
The protocol comprises a program of exercise modules that make it easier to adapt the
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exercises to the requirements of each patient in
each group. This method also enables patients
to memorize the exercises and remember their
function and utility in specific cases of pain.
Our protocol comprised 9 modules: postural
education, search for neural position, sitting
exercises, antalgic exercises, stretching exercises,
and proprioceptive exercises, breathing education, mobilization of knee joint and theoretical
explanations.22, 23 The physiotherapist explained
the exercise rationale during the treatment session. For purely practical reasons, we used only
the basic level exercises of the Pilates program
because following a complete 3-level program
(basic, intermediate and advanced) would have
required far longer than 12 sessions of treatment.
Group II received clinic-based physical therapy included in neuromuscular electrical stimulation (30 min) and isometric exercise program
(20 min) 5 times weekly for 4 weeks and the
mean age and BMI of the patients in GII were
53.26±8.9 years and 28.52±5.13 kg/m², respectively.
Subjects in the clinic treatment group attended 12 treatment sessions in the physical therapy
clinic. All patients in Group II took the neuromuscular electrical stimulation. Dual-channel
NMES (Physaction, The Netherlands, model
782) was used in this study. Two pairs of rubber electrodes (4.5×3.8 cm2) were placed over
the acupuncture points of the knee. Acupuncture points were chosen because they were highly
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reproducible and convenient.24 The stimulators
delivered a current at 100 Hz with a pulse width
of 200 µs. The duration of the stimulation was
30 minutes. Thirty minutes was chosen because
previous study from literature found that it is the
optimal treatment duration for treating knee OA
knee.25 The intensity of the current was set at a
comfortable level as determined by the subjects
and ranged between 25 mA and 35 mA. The intensity of the current was increased at 5 minutes
into the stimulation if subjects reported accommodation to the stimulation. Daily treatment
was delivered 5 days a week for 2 consecutive
weeks.
Exercise programs were individualized based
on the results of the examination. In addition
to receiving clinic-based exercise treatments,
subjects in the clinic treatment group performed
a standardized knee exercise program at each
treatment session. This program consisted of
active ROM exercises, muscle strengthening by
isometrically, and muscle stretching. A physical therapist supervised these exercises.26 The
number of strengthening exercise bouts were
increased or decreased by the treating physical
therapist based on subject response. The exercise
program was based on the best available evidence
for the most efficient methods of producing the
desired effects of increasing strength, flexibility,
and ROM at the initiation of this study. Subjects
were examined for adverse signs and symptoms
such as increased pain, joint effusion, and increased skin temperature over knee joints at each
clinic visit. All elements of hands-on treatment
and exercise were progressed only if the symptoms and signs of OA were decreasing. If any
soreness lasted more than a few hours after the
intervention, the regimen was decreased accordingly for that subject.
Statistical analysis
The data were analyzed with statistical software (IBM SPSS data collection, USA). The
distinguishing statistical continuous variables
were defined as average±standard deviation or
median (min-max). The nominal variables were
represented as the number of observations and
as a percentage. Descriptive statistics were used
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to analyze patient demographics and the proportion of patients provided with comprehensive
knee OA treatment recommendations by the
rheumatologists.
The percentage comparison between the
groups was performed using Chi-Square test.
Changes in the nominal data of the tests (i.e., effusion, hypoechogenicity/heterogeneity) before
and after treatment were evaluated with McNemar test. The confidence interval was 95%, and
P<0.05 was considered to be statistically significant. ANOVA was used to test the distribution
of epidemiological parameters such as age and
risk factors. This test showed that the statistical significance of the differences between the
groups.
Results
Baseline characteristics by group are summarized in Table I. Of the 40 subjects initially
enrolled in the study, 20 subjects in the clinical based treatment group and 20 subjects in the
Pilates exercise group completed all treatment.
Before treatment there were no significant differences in body weight and BMI between both
groups (P>0.05) (Table II). The average weight
loss was 1.72 kg and the BMI decreased an average of 0.57 kg/m2 (P<0.001) (Table I).
Mean and standard deviations in pre- and
post-treatment results of the groups are shown
in Table III. The average distance walked in the
10-m walk increased by 10% (P<0.001), and the
average time to complete the up-and-go test decreased by 15% (P<0.001, Table IV).
The statistical tests revealed significant differences only for the initial WOMAC scores. The
WOMAC showed an average reduction in pain
of 44% (P=0.02) and an average improvement
in function of 21% (P=0.01). There were no significant correlations among physical functioning; WOMAC scores (Table IV).
Significant improvements on the timed upand-go test and on the WOMAC pain and function scores were found both groups before and
after treatments at baseline (Figure 2). Among
both groups, however, change in the WOMAC pain score correlated with weight change
(r=0.75, P=0.007), whereas change on the
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WOMAC physical functioning score correlated
with change in TGG (r=0.76, P=0.006).
Discussion
The results of this study suggest that a Pilates
and clinic-based physiotherapy program improves physical functioning and fitness in obese
women with symptomatic knee OA. We used
standardized physical performance tests to demonstrate improved physical capacity after this
program. Our study is based on the premise that
while the static structural malalignment itself
cannot be altered in individuals with knee OA,
except via surgical procedures, other factors contributing to knee function are potentially modifiable with exercise interventions.
Our study is the first RCT to investigate the
effect of Pilates exercise on knee strength, pain
and function in people with knee OA. Strengths
of the study design are the pragmatic nature of
treatment delivery, which occurs in university
physiotherapy clinic by practicing physiotherapists, and the reproducibility of both exercise
programs. These features will improve the generalisability of the findings. Importantly however,
both programs are indivi- dualised with regard
to the level of exercise intensity and both incorporate progression. In addition, the study is adequately powered for all three primary outcome
measures including strength, pain and function
and our recruitment strategy will result in a wellcharacterized, homogenous sample.
Data from the WOMAC showed that the
program also improved the disabling symptoms
of knee OA, including pain, although this was
only found among women at baseline. We report on two different knee OA treatment practices of physiotherapists in sports physiotherapy
unit. Finally all of the women who completed
the both Pilates and clinic program reported
getting better of their OA symptoms, suggesting that this form of exercise is well tolerated by
many overweight women with knee OA. Thus,
a program of exercise Pilates and neuromuscular
education by electrical stimulation may only be
appropriate for overweight women with less severely disabling symptomatic knee OA.
Clinical judgment is required to determine
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the appropriateness of each treatment for individual patients, and the optimal level of provision of each recommendation is unknown.27
Many physiotherapy and rehabilitation treatments recommended for knee OA had low rates
of documentation, with several documented
less than 30% of the time (education, aerobic
and range of motion exercise, social support, orthoses, and assistive devices for ambulation, acupuncture, and OT/energy conservation).11, 28, 29
From the treatments we assessed, perhaps exercise, education, weight loss if overweight, and
Pilates exercise could be considered appropriate
for all patients with knee OA.
During the past decade the evidence base supporting many knee OA treatments has grown
and many OA clinical practice guidelines have
been developed. Despite this, the results of our
study are very similar to those found by Martin
et al in 2001.30 In our study treatments continue
to be underutilized, with almost all treatments
documented less than 50% of the time. In terms
of treatments, one notable difference was a much
lower weight reduction rate for exercise program
use in our study compared to Martin’s study
(2.44 kg vs. 5.In our study, exploratory regression and univariate analyses suggest the following
factors might be associated with increased documented use of recommended treatments: female
sex (education, Pilates exercise) and (education,
electrical stimulation exercise), overweight (exercise), increased number of visits, decreased
symptom length. Other studies have found the
following variables to be significantly associated
with rate of use of OA therapies in patients of
general practitioners: higher disability, increased
pain,31 worse disease severity,32 younger age, duration of symptoms, overweight,33 female sex,21
having previously seen a specialist, and higher
family income/social class.12
Pilates is popular among women. Pilates is
a series of low impact muscle contraction exercises. The activities train the muscles in the
core of the body. No study has assessed whether
women with osteoarthritis like to engage in Pilates or if participation in Pilates has positive
effects on their body mass, waist circumference
or blood pressure. Indeed, some studies suggest
that health education and increased attention
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can improve symptoms in patients with knee
OA.34 Finally, we enrolled generally healthy,
middle-aged, overweight, and obese women in
this study. Therefore, we cannot determine the
extent to which our findings generalize to other
groups of overweight/obese patients with knee
OA. We firstly focused on the improvement of
knee function for patients with OA by taking either Pilates or clinic-based program.
Pencharz et al. evaluated 6 lower-limb OA
guidelines including the EULAR and ACR
guidelines and found that almost none of them
addressed implementation strategies and barriers to use of the guidelines.13 In general, very
few guidelines are evaluated for effectiveness of
dissemination strategies, and even fewer for the
health impact of the guideline.3, 4 That our study
results reveal deficiencies in knee OA treatment
practice similar to those found almost a decade
prior further supports the need for better guideline implementation and evaluation of outcomes.5, 8
Future research should be directed towards
overcoming both patient and provider barriers
to the use of OA guidelines and their documentation, guideline implementation, and evaluation of outcomes. Although the evidence for
many knee OA treatments is good, the complexity and high number of treatment recommendations available for knee OA may be a hindrance
to use of the guidelines. Many strategies have
been evaluated to improve implementation of
evidence into practice. However, all therapeutic
modalities were not consistently used. The patients should be encouraged to discuss these options with their physical therapist. This would
serve to stimulate educational and collaborative
dialogue between the patient and physical therapist.
Our findings suggest that pain and knee function and both Pilates and clinic-exercise program
have beneficial effects on the symptoms and
functional declines associated with knee OA in
obese women. Furthermore, our study provides
empirical justification for the ACR recommendation of exercise program and increased programmed exercise as a treatment for overweight
and obese persons with knee OA. Larger randomized controlled trials of longer duration will
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be required to determine the relative contributions and the mechanisms underlying the effects
of physiotherapy programs and both Pilates and
clinic-based exercise on improvements in functional and symptomatic outcomes, and to evaluate the durability of improvements over time.
Our study suggests that the combination of
weight loss and regular exercise program either
Pilates or clinical may improve the symptom
management of women with knee OA in future.
Pilates may be a useful method of increasing activity and warrants further study. The relatively
low cost of delivering Pilates sessions (space, an
instructor and mats) also indicates that it is an
activity that could be implemented within physiotherapy and rehabilitation program, suggesting that broad dissemination could be achieved.
Limitations of the study
This study has some limitations that warrant
discussion. The limitation of our study is that
it was performed the comparison of two different exercise program knee OA treatments. But
we did not account for patient preferences or
unique situations that make different treatments
unsuitable for the patient. This will make the assessment of effectiveness of care difficult.
The study was limited by the small sample
size, the short duration of the intervention and
the lack of age diversity in the sample. Since this
was a pilot study with only two treatment programs for osteoarthritis, we could not control
for clustering effects. Further research is needed
to evaluate the effects of Pilates on subjects with
greater pain and functional losses.
Conclusions
Our findings demonstrated that 4 weeks of
repeated applications of Pilates significantly increased the quadriceps strength and walking
performance. However, it did not significantly
increase pain-limited knee range or improve the
performance of TGG Test. The clinic protocol
appears to have little effect on physical functions
as measured in the TGG Test. Pilates exercises
can be considered as an adjunct treatment to
OA, which may be a better rehabilitation strat-
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egy in reducing pain and improving function for
people with knee OA.
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