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The Italian Journal of Physiotherapy (IJP) publishes scientific on-line
papers on basis sciences and effectiveness studies related to physiothera-
py, considered as application of manual therapy and therapeutic exercise
in subjects with musculoskeletal disorders and motor impairment. IJP
publishes innovative and highly relevant content for both clinicians and
scientists and uses a variety of interactive approaches to communicate
that content, with the expressed purpose of improving patient care. 
Manuscripts may be submitted in the form of editorials, original articles,
review articles, case reports, special articles and letters to the Editor. IJP
may also invite international leaders of scientific topics related to physio-
therapy to submit review articles.
Manuscripts are expected to comply with the instructions to authors
which conform to the Uniform Requirements for Manuscripts Submitted
to Biomedical Editors by the International Committee of Medical Journal
Editors (www.icmje.org). Articles not conforming to international stan-
dards will not be considered for acceptance. 
Papers should be submitted directly to the online Editorial Office at the
Edizioni Minerva Medica website:

JP will consider for publication manuscripts that have not been published
elsewhere, except in abstract form or as part of a published lecture or
academic thesis and that it is not under consideration for publication
elsewhere. Submission implies that the publication of the manuscript is
approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other
language, without the written consent of the Publisher. The Authors
agree to transfer the ownership of copyright to the IJP in the event the
manuscript is published. The journal adheres to the principles set forth in
the Helsinki Declaration and states that all reported research concerning
human beings should be conducted in accordance with such principles.
The journal also adheres to the International Guiding Principles for
Biomedical Research Involving Animals recommended by the WHO and
requires that all research on animals be conducted in accordance with
these principles. The Authors, if necessary, must indicate that the study
has been approved by the ethics committee and that patients have given
their informed consent. Authors must also indicate whether they have
any financial agreement with any organization that were involved in the
research by filling the relevant form. Papers must be accompanied by the
following authors’ statement relative to copyright, ethics and conflicts of
interest, signed by all authors:
"The undersigned authors transfer the ownership of copyright to the
Italian Journal of Physiotherapy should their work be published in this
journal. They state that the article is original, has not been submitted for
publication in other journals and has not yet been published either whol-
ly or in part. They state that they are responsible for the research that
they have designed and carried out; that they have participated in draft-
ing and revising the manuscript submitted, whose contents they approve.
In the case of studies carried out on human beings, the authors confirm
that the study was approved by the ethics committee and that the patients
gave their informed consent. They also state that the research reported in
the paper was undertaken in compliance with the Helsinki Declaration
and the International Principles governing research on animals. They
agree to inform Edizioni Minerva Medica of any conflict of interest that
might arise, particularly any financial agreements they may have with
pharmaceutical or biomedical firms whose products are pertinent to the
subject matter dealt with in the manuscript. " 
The authors implicitly agree to their paper being peer-reviewed. All
manuscripts will be reviewed by Editorial Board members who reserve
the right to reject the manuscript without entering the review process in
the case that the topic, the format or ethical aspects are inappropriate.
Once accepted, all manuscripts are subjected to copy editing. If modifi-
cations to the manuscript are requested, the corrected version should be
sent to the online Editorial Office with the modified parts underlined
and highlighted. The revised version should be accompanied by a letter
with point-by-point responses to the reviewers’ comments. Correction
of proofs should be limited to a simple check of the printing; it is there-
fore essential that corrections be kept to an absolute minimum. Proofs
must be returned by the deadline specified to the online Editorial
Office of the Italian Journal of Physiotherapy. In case of late return the
editorial staff of the journal either may correct the proofs on the basis
of the original manuscript or delay the publication. Forms for ordering
reprints are sent together with the proofs. Rejected articles will not be
returned to the author except on request. 
For further information about publication terms please contact the

Editorial Office of the Italian Journal of Physiotherapy, Edizioni Minerva
Medica, Corso Bramante 83-85, 10126 Torino, Italy – Phone +39-011-
678282 – Fax +39-011-674502 – E mail: journals6.dept@minervamedica.it

ARTICLE TYPES

Instructions for the types of articles submitted to the journal. The number
of figures and tables should be appropriate for the type and length of the
paper.

Editorials. Commissioned by the Editor in Chief or the Managing Editor,
editorials deal with a subject of topical interest about which the author
expresses his/her personal opinion. No more than 1000 words  and up to
15 references will be accepted.

Original articles. These should be original contributions to the subject. The
text should be 2500-5000 words not including references, tables, figures.
No more than 50 references will be accepted. The article must be subdivid-
ed into the following sections: introduction, materials and methods, results,
discussion, conclusions. In the introduction the aim of the study should be
clearly summed up. Justify the study, why is it needed. Summarize the
rationale for the study or observation. Give only pertinent references, and
do not review the subject extensively. Do not include data or conclusions
from the work being reported. The materials and methods section should
describe in a logical sequence how the study was designed and carried out.
Identify the methods, equipment and materials, and procedures in sufficient
detail including pertinent references, to allow others to reproduce the study.
Describe how the data were analyzed (what hypothesis was tested, what
type of study was carried out, how randomization was done, how the sub-
jects were recruited and chosen, provide accurate details of the main fea-
tures of treatment, of the materials used, of drug dosages, of unusual equip-
ments, of the statistical method. In the results section the answers to the
questions posed in the introduction should be given). Describe statistical
methods in enough detail to enable knowledgeable readers with access to
the original data to verify the reported results. Authors should report and
identify the specific statistical test used and the obtained statistical value.
When analysing several outcome variables and/or investigating the relation-
ship between many variable consider to use multivariate statistical methods.
Specify any general-use computer programs used. The results should be
reported fully, clearly and concisely supported, if necessary, by figures,
graphs and tables. Present results in logical sequence. Avoid repeating infor-
mation in text, tables and figures. Restrict tables and figures to those needed
to explain arguments and to assess their support. The discussion section
should sum up the main results, critically analyze the methods used, com-
pare the results obtained with other published data and discuss the implica-
tions of the results. Discuss the limitation of the study. The conclusions
should briefly sum up the significance of the study and its future implica-
tions. Do not repeat in detail data or other information presented in the
Introduction or Result section. It is suggested to the authors to follow the
guidelines reported by the CONSORT statement.

Review articles. Review articles should discuss a topic of current interest,
outline current knowledge of the subject, analyze different opinions regard-
ing the problem discussed, be up-to-date on the latest data in the literature.
The text should be 3000-8000 words not including references, tables, fig-
ures. No more than 100 references will be accepted. It is suggested to the
authors to follow the guidelines reported by the PRISMA statement.
Authors of systematic review articles should: define a clear and clinically
relevant research question; retrieve and describe relevant reviews published
to date; document their limitations and justify the need for a more compre-
hensive review; define the search strategy used to identify primary articles;
describe the methods used to select primary studies; specify inclusion and
exclusion criteria; account for all studies identified by the search and justify
exclusions; describe the method of combining study results; discuss varia-
tion within and between studies; state their conclusions; compare their con-
clusions to the literature and current standard of care; outline the limitations
of the review; suggest areas for future research.

Case reports. These give a description of particularly interesting cases, for
which is justified do not wait to have a greater sample size. Case reports
are most valuable if they identify a previously not described finding or
phenomenon, or if they describe a therapy that could lead to future
research or a change in practice. The text should be 1500-3000 words not
including references, tables, figures. No more than 30 references will be
accepted. The article must be subdivided into the following sections: intro-
duction, case report or clinical series, discussion, conclusions.

Special articles. These are articles on the history, health care delivery,
ethics, economic policy and law concerning physiotherapy. The text should
be 2000-7000 words not including references, tables, figures. No more
than 50 references will be accepted.

INSTRUCTIONS TO AUTHORS
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Letters to the Editor. These may refer to articles already published in the
journal or to a subject of topical interest that the authors wish to present to
readers in a concise form. The text should be 500-1000 words  not including
references, tables, figures. No more than 5 references will be accepted.

Guidelines. These are documents drawn up by special committees or
authoritative sources.

PREPARATION OF MANUSCRIPTS

Text file

The formats accepted are Word and RTF. All submissions should be in
English in 12-point Arial, Times, or Times New Roman font. Double-space
the text with margins at least 2.5 cm (1 inch). Authors are requested to
include line numbers to their manuscript in word prior to submission. 
The text file must contain title, authors’ details, notes, abstract, key words,
text, references and titles of tables and figures. Tables and figures should
be submitted as separate files.

Title and authors’details

• Title, with no abbreviations. 
• First name, surname of the authors
• Affiliation (section, department and institution) of each author

Notes

• Dates of any congress where the paper has already been presented. 
• Name, address, e-mail of the corresponding author;
• Mention of any funding or research contracts or conflict of interest. 
• Acknowledgements. 
• Word count of the text and the number of figures and tables in the arti-

cle

Abstract and key words 

Articles should include an abstract of between 200 and 250 words structured
with the following subheadings: Background, Objective, Study design,
Methods, Results, Conclusions. Up to 5 key words or terms should be
included for use by referencing sources. Key words should refer to the terms
from Medical Subject Headings (MeSH) of MEDLINE/PubMed. No
abstracts are required for editorials or letters to the Editor.

Text

Identify methodologies, equipment (give name and address of manufactur-
er in brackets) and procedures in sufficient detail to allow other researchers
to reproduce results. Specify well-known methods including statistical pro-
cedures; mention and provide a brief description of published methods
which are not yet well known; describe new or modified methods at
length; justify their use and evaluate their limits. Units of measurement,
symbols and abbreviations must conform to international standards.
Measurements of length, height, weight and volume should be given in
metric units (meter, kilogram, liter) or their decimal multiples.
Temperatures must be expressed in degrees Celsius. Blood pressure must
be expressed in millimeters of mercury. All clinical chemistry measure-
ments should be expressed in metric units using the International System
of Units (SI). The use of unusual symbols or abbreviations is strongly dis-
couraged. The first time an abbreviation appears in the text, it should be
preceded by the words for which it stands.

Language

Please write your text in good English. All accepted manuscripts will be
subject to copyediting.

Photographic Consents

A letter of consent must accompany all photographs of subjects in which
the possibility of identification exists. It is not sufficient to cover the eyes
to mask identity.

References

Cite references in the text by using superscripted Arabic numerals, and
number them in the order in which they are cited. Type the reference sec-
tion double-spaced at the end of the text, following the examples given
below. References must be set out in the standard format approved by the
International Committee of Medical Journal Editors (www.icmje.org).

JOURNALS

Each entry must specify the author’s surname and initials (list all authors
when there are six or fewer; when there are seven or more, list only the
first six and then “et al.”), the article’s original title, the name of the
Journal (according to the abbreviations used by MEDLINE/PubMed), the
year of publication, the volume number and the number of the first and last
pages. When citing references, please follow the rules for international
standard punctuation carefully. 

Examples:
- Standard article. 
Sutherland DE, Simmons RL, Howard RJ. Intracapsular technique of
transplant nephrectomy. Surg Gynecol Obstet 1978;146:951-2. 
- Organization as author
International Committee of Medical Journal Editors. Uniform require-
ments for manuscripts submitted to biomedical journals. Ann Int Med
1988;108:258-65. 
- Issue with supplement 
Payne DK, Sullivan MD, Massie MJ. Women’s psychological reactions to
breast cancer. Semin Oncol 1996;23(1 Suppl 2):89-97.

BOOKS AND MONOGRAPHS

For occasional publications, the names of authors, title, edition, place, pub-
lisher and year of publication must be given.
Examples:
- Books by one or more authors 
Rossi G. Manual of Otorhinolaryngology. Turin: Edizioni Minerva
Medica; 1987. 
- Chapter from book 
De Meester TR. Gastroesophageal reflux disease. In: Moody FG, Carey
LC, Scott Jones R, Ketly KA, Nahrwold DL, Skinner DB, editors. Surgical
treatment of digestive diseases. Chicago: Year Book Medical Publishers;
1986. p. 132-58. 
- Congress proceedings 
Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiolo-
gy. Proceedings of the 10th International Congress of EMG and Clinical
Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier;
1996. 

ELECTRONIC MATERIAL

- Standard journal article on the Internet
Kaul S, Diamond GA. Good enough: a primer on the analysis and interpre-
tation of noninferiority trials. Ann Intern Med [Internet]. 2006 Jul 4 [cited
2007 Jan 4];145(1):62-9. Available from:
http://www.annals.org/cgi/reprint/145/1/62.pdf
- Standard citation to a book on CD-ROM or DVD
Kacmarek RM. Advanced respiratory care [CD-ROM]. Version 3.0.
Philadelphia: Lippincott Williams & Wilkins; ©2000. 1 CD-ROM: sound,
color, 4 3/4 in.
- Standard citation to a homepage
AMA: helping doctors help patients [Internet]. Chicago: American
Medical Association; ©1995-2007 [cited 2007 Feb 22]. Available from:
http://www.ama-assn.org/.
Footnotes and endnotes of Word must not be used in the preparation of ref-
erences.
References first cited in a table or figure legend should be numbered so
that they will be in sequence with references cited in the text taking into
consideration the point where the table or figure is first mentioned.
Therefore, those references should not be listed at the end of the reference
section but consecutively as they are cited.

Titles of tables and figures

Titles of tables and figures should be included both in the text file and in
the file of tables and figures.

File of tables

Each table should be submitted as a separate file. Formats accepted are
Word and RTF. Each table must be typed correctly and prepared graphical-
ly in keeping with the page layout of the journal, numbered in Roman
numerals and accompanied by the relevant title. Notes should be inserted
at the foot of the table and not in the title. Tables should be referenced in
the text sequentially.

File of figures

Each figure should be submitted as a separate file. Formats accepted: JPEG
set at 300 dpi resolution preferred; other formats accepted are TIFF, PNG,
PDF (high quality) and Word (for graphs). Figures should be numbered in
Arabic numerals and accompanied by the relevant title. Figures should be
referenced in the text sequentially. 
Reproductions should be limited to the part that is essential to the paper.
Histological photographs should always be accompanied by the magnifica-
tion ratio and the staining method.
If figures are in color, it should always be specified whether color or black
and white reproduction is required. The cost of color figures will be
charged to the Authors.
Optimal dimensions for publication of figures in the journal are:
• 8.6 cm (base) × 4.8 cm (height) 
• 8.6 cm (base) × 9 cm (height)
• 17.6 cm (base) × 9 cm (height)
• 17.6 cm (base) × 18.5 cm (height): 1 page.
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titolo breve: The Italian Journal of Physiotherapy
primo autore: GATTI
pagine: 1-2

This is the first issue of the Italian Journal of 
Physiotherapy (IJP). The IJP is the scientific 

journal of the Italian Society of Physiotherapy 
(S.I.F.). In order to better introduce the IJP I 
would like to present the newly-founded S.I.F..

The S.I.F. was founded in May 2010. The ob-
jective of the S.I.F. is to promote and facilitate 
the development of scientific culture in the field 
of Italian Physiotherapy. As a demonstration of 
the Italian physiotherapists’ expectation of such 
initiative the number of founding members must 
be considered. Indeed, from an initial number of 
16 physiotherapists that had the idea to propose 
the initiative, more than 150 physiotherapists 
have gathered on the day of the foundation of 
the S.I.F..

Considering this event some questions spon-
taneously arise.

The first question is: why so much participa-
tion of Italian colleagues in the S.I.F. founda-
tion? In recent years the habit of comparing clin-
ical behaviors with the best evidence presented 
in literature has sharply increased among Italian 
physiotherapists.

As a matter of fact, the university Italian pro-
grams included in recent years an increasing 
number of teachings about methodological ap-
proach to the clinical practice and scientific re-
search. A scientific approach to the clinical prob-
lems is bringing the Italian physiotherapists to 
align their work with the scientific context, easily 
available from the literature.

Nevertheless, few opportunities for sharing 
the clinical experiences exist and it is common 
that an Italian physiotherapist involved in sci-
entific activity is not known by the rest of the 
Italian colleagues. The main reason for the great 
adhesion at the S.I.F. is a widespread desire to 
create a community in which to compare and 
develop clinical and scientific experiences.

So, what is the mission and the vision of the 
S.I.F.? The 2011 S.I.F. catch-phrase is: “to pro-
mote scientific culture as an opportunity to 
deepen clinical experience”. Sometimes some 
colleagues consider the scientific culture as only 
theory and for them it becomes a hindrance to 
the clinical practice. The truth is exactly the op-
posite. To find the best treatment for each pa-
tient, comparing one’s own clinical experience 
with the scientific literature means to consider 
reality more than theories. It is also true that no 
physiotherapist can plan his/her treatment only 
using data emerging from the literature. The 
physiotherapists that decided to promote the 
S.I.F. know that the evidence-based medicine 
(EBM) or the evidence-based practice (EBP) 
should not become a new ideology. EBM and 
EBP are not unconnected to the clinical experi-
ence but they are the most reasonable way to try 
to solve some of the contradictions existing in 
the rehabilitation field. For example: is it intel-
lectually honest not to consider data emerging 
from the literature, when any? What are the cri-
teria to choose between two rehabilitative tech-

The Italian Journal of Physiotherapy: the 
S.I.F. voice in order to participate at the 

International Physiotherapists Community
R. GATTI

San Raffaele Scientific Institute, Milan, Italy
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niques with very different rationales? Is it logical 
not to consider data that contradict the rationale 
considered correct? The objective of the S.I.F. is 
to promote the scientific culture not for remov-
ing but for deepening the clinical experience.

So far I have spoken of the S.I.F. and not of 
the IJP, therefore the third question is: why can 
the IJP help the S.I.F. in promoting its objec-
tives?

Because the ideas and also the ideality need ac-
tions performed by people. Without this condi-
tion they become a useless intellectual exercise.

The IJP aspires to represent the S.I.F. in the 
International Physiotherapists Community. 
My experience leads me to speak about Com-
munity. Especially in occasion of both Interna-
tional Congress and events organized in Italy 
I met many foreign colleagues (some of them 
are on the board of the IJP) and the modality 
of relationship that I felt brings me to use the 
term “Community”. I mean that the aim in 
sharing own cultural and scientific experiences 
is the development of a common discipline, i.e. 
physiotherapy, in which we all spend not only 
our energies but also our ideality. This is not a 
small thing, in a period where the affirmation of 
personal power sometimes seems to be the only 
objective of human actions.

The aim of IJP is to become an indexed peer 

review journal in some years. This is an ambitious 
project and for its realization the quality of the 
product should engage the interest of Italian and 
foreign colleagues. It is an intriguing challenge 
that I hope will involve young physiotherapists.

My dream is to see, in a near future, a group of 
young physiotherapists proposing themselves for 
the continuation of the activities that the S.I.F. 
are developing. Even more I would like the IJP 
to be able to become an instrument in the hands 
of young physiotherapists.

To look at the future requires knowing one’s 
own roots. In occasion of the first issue of the IJP 
I asked Professor Silvano Boccardi, to whom I 
am linked by a deep friendship, to write a greet-
ing introduction for the IJP. Professor Boccardi 
is one of the fathers (even if he affirms his re-
gret for not remembering the mother) of Italian 
Rehabilitation. He is the physician that more or 
less 60 years ago founded the first Italian school 
of physiotherapy and, subsequently set up a lot 
of scientific initiatives in the rehabilitation field.

Over many years Italian physiotherapists have 
learnt to identify and promote their discipline 
and now they are knocking at the door of the 
international Physiotherapist Community as 
a Scientific Association, thanks to the work of 
many of them and the passion that people such 
as Professor Boccardi have demonstrated.
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O R I G I N A L  A R T I C L E S

Anno: 2011
Mese: March
Volume: 1
No: 1
Rivista: ITALIAN JOURNAL OF PHYSIOTHERAPY
Cod Rivista: It J Physiother

Lavoro: 001-IJPHYSIO
titolo breve: A COMBINATION OF MOTOR IMAGERY, ACTION OBSERVATION AND 
MOTOR EXECUTION
primo autore: BELLUCCI
pagine: 1-2

A B S T R A C T
Aim. Motor imagery (MI) and action observation (AO) are emerging cognitive tools for motor learning, since they 
share with motor execution (ME) similar patterns of cortical areas activation. This study was aimed at investigating 
whether the combination of MI, AO and ME is as effective as ME alone for the acquisition of a complex coordina-
tion behavior.
Methods. Thirty-six healthy subjects (age 24.4±4.1) were randomly divided into three groups: physical practice 
(PP), mental+physical practice (MP) and control (C). The studied task was a multifrequency bilateral full-range 
wrist flexion-extension, with left hand moving twice as fast as the contralateral. Participants underwent a single-
session training period, comprising 12 minutes of ME (PP), 4 minutes each of AO, ME, MI (MP) or 4 minutes of 
ME (C). Movement amplitude and frequency were calculated for both right and left limbs at baseline and in two 
retention tests. The main outcome measure was the ratio between right and left hand movement frequency. Motor 
learning in the three groups was compared by a 3x3 ANOVA with repeated measures.
Results. The training was similarly effective in PP and MP groups, who both significantly improved their ability in 
pacing the target frequencies and amplitudes, whereas participants in C group remained unchanged. 
Conclusion. When using ad adequate scheduling of learning periods, the combination of MI, AO and ME may be 
as effective as ME alone. This finding may contribute to develop new effective therapeutic methods in neuroreha-
bilitation. (It J Physiother 2011;1:3-11)
Key words: Motor skills disorders - Mental processes - Kinesthesis.

Motor imagery (MI) is a cognitive process 
during which a subject imagines the ex-

ecution of a specific movement without any mo-
tor output, whereas action observation (AO) re-
fers to the observation of a movement performed 
by another person.1 Both MI and AO are emerg-
ing cognitive tools for motor learning, based on 
the finding that they share with motor execution 
(ME) similar patterns of activation in cortical ar-
eas.2-5 On the whole, published data support the 
idea that both these movement-related cognitive 
phenomena are driven by the same basic mecha-
nisms as ME and therefore can be conceived as 
offline operations of the motor system.1

The imagination may be performed in a first 
person (kinesthetic MI) or in a third person 
(visual MI) perspective.1 Kinesthetic MI refers 
to the imagination of the sensory consequences 
resulting from the execution of the movement, 
i.e. the subject internally simulates all the kines-
thetic sensations associated with the imagined 
movement. In visual MI, the subject sees him/
her self doing the movement as from a distance, 
i.e. the virtual environment is imagined. Several 
researchers have shown that MI facilitates the 
learning of movements in healthy subjects and 
in sports activities 6-11 and some evidence exists 
about its effectiveness in a patient-related con-

A combination of motor imagery, action observation
and motor execution is highly effective for the

acquisition of a complex coordination behaviour
F. BELLUCCI 1, S. GASPARRINI 1, L. VANNUCCHI 2, M. BACCINI 2

University of Florence, Florence, Italy; 2Motion Analysis Laboratory, Unit of Functional Rehabilitation, Azienda 
Sanitaria di Firenze, Florence, Italy
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text.12-17 On the whole, the notion emerged that 
mental practice with MI is effective in facilitat-
ing motor learning, but not as effective as physi-
cal practice.18

The indirect evidence for the existence in hu-
mans of a system of mirror neurons, i.e. neurons 
firing with both action observation and action 
execution,4, 19-20 led in recent years to implement 
strategies based on a different type of mental 
practice, i.e. AO, for motor learning 21 and in 
stroke rehabilitation.22-24

The observation of the task to be learned 
and an actual execution of the task are obvious 
prerequisites for the correct performance of the 
visual MI and the kinesthetic MI, respectively25. 
Therefore, we may speculate that, in order to op-
timise its effects on motor learning, MI should 
be combined with both AO and ME, but insofar 
this hypothesis has not been verified. This study 
was aimed at investigating whether the com-
bination of MI, AO and ME is as effective as 
ME alone in the learning of a relatively complex 
bimanual multifrequency motor task in health 
subjects. 

Materials and methods

Subjects

A convenience sample of 36 young right-
handed participants, 21 women and 15 men, 
with a mean age of 24.4±4.1 (range 20-39), was 
enrolled in the study. None had known history 
of neurological or muscle-skeletal disorders that 
might have influenced their muscle strength 
and coordination. Right limb preference was 
ascertained through the Edinburgh Inventory.26 
Additional exclusion criteria were the presence 
of serious sight problems or cognitive impair-
ments. Amateur or professional musicians also 
were excluded, since they are usually well trained 
to rhythmically move their hands at different 
speed. All participants gave their written in-
formed consent.

Task 

Participants were asked to learn a relatively 
complex bimanual multifrequency task, such 

that the left limb moved twice as fast as the con-
tralateral (2:1 frequency ratio). Movements were 
cyclical wrist flexion and extension with finger 
joints held adducted and extended, and were 
paced by a quartz metronome (Taktell QM2, 
Wittner, Isny/Algäu, Germany) producing a 
beat every 476 ms (2.1 Hz). For every beat, sub-
jects were required to complete an entire flexion-
extension cycle with the left arm, while the right 
wrist only performing the movement in one di-
rection (alternatively flexion or extension). As 
such, the same turning point had to be reached 
on every beat by the fast hand (2.1 Hz) and on 
every two beats by the slow hand (1.05 Hz). For 
both limbs, the required movement amplitude 
was the full flexion-extension range, but no tar-
gets were used to indicate the completion of the 
range. 

Participants performed the task while sitting 
on an adjustable chair with their arms in slight 
(30°) flexion and their forearms pronated and 
supported by armrests. 

Procedure

Participants were randomly divided into three 
groups: physical practice (PP), mental practice 
(MP) and control. All groups practiced the task 
during one single training session which was di-
vided into a first and a second learning phases, 
with a 3 minute resting period between the two 
phases, and which lasted 25 minutes overall. 
The scheduling of practice periods in the three 
groups was as follows.

1) PP. This group performed three blocks of 
practice of the task during both learning phases, 
each block consisting in four 30 seconds periods 
of ME of the task; time intervals were 60 and 20 
seconds among blocks and periods, respectively. 
Participants in this group performed a total of 
24 periods for an overall duration of 12 minutes 
of ME.

2) MP. This group also performed three blocks 
of four in 30 second periods of practice in each 
learning phases, with the same resting intervals 
among blocks and periods as the PP group, but 
alternated PP and MP of the task. The first block 
consisted in four periods of AO, during which 
subjects watched to a video showing an individ-
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ual correctly performing the task to be learned. 
The second block was the same as for the PP 
group, i.e. four periods of ME of the task. In the 
third block this group imagined the execution of 
the task, alternating visual and kinesthetic MI 
periods. This group, therefore, performed a total 
of 24 periods for an overall duration of 4 min-
utes of ME, 4 minutes of AO, 2 minutes of first 
perspective MI and 2 minutes of third perspec-
tive MI.

3) Control (C). This group practiced the task 
to be learned only in the second block of the two 
learning phases, which consisted in four 30 sec-
onds periods of ME as for the other groups. In 
the remaining periods (blocks 1 and 3), partici-
pants were asked to watch to naturalistic movies 
lasting 3 minutes. At the end of the vision, three 
questions about the information presented in 
the movies were asked to participants, in order 
to verify that they had not been concentrating 
on the bimanual task during these periods. Thus 
in this group the actual training of the task was 
limited to 4 minutes of ME.

Before starting the training phase, the baseline 
ability of each participant in performing the task 
was assessed. During the baseline assessment, 
named pre-Test, subjects performed one single 
30 seconds trial for each of three conditions, in 
the following order:

1) unimanual left test (ULT): cyclical wrist 
flexion-extension movements of the nondomi-
nant left hand at 2.1 Hz;

2) unimanual right test (URT): cyclical wrist 
flexion-extension movements of the dominant 
right hand at 1.05 Hz;

3) bimanual multifrequency test (BMT): bi-
lateral wrist flexion-extension movements with 
a 2:1 frequency ratio between the left (fast) and 
the right (slow) hand.

The first two conditions were used to verify 
participants’ ability in pacing the target frequen-
cies when moving the fast and the slow hand 
separately, whereas the third condition assessed 
their baseline ability in performing the biman-
ual task to be learned. The required movement 
amplitude was the full flexion-extension range 
throughout. All conditions were paced at 126 
beats per minute (2.1 Hz).

To detect the effects of different training pro-

tocols, all participants completed two retention 
tests, three minutes (immediate, R_imm) and 
one hour (delayed, R_del) after the completion 
of the training session. During both retention 
tests, only condition 3 (bimanual test) was as-
sessed. All bimanual tests (Test, R_imm, R_del) 
were preceded by a verbal description and a video 
demonstration of the required task. For the lat-
ter, participants watched to the same 30 second 
video used for AO training periods in the MP 
group. Limited to baseline assessment, they were 
allowed also to freely practice the bimanual task 
for 60 seconds before starting the bimanual test.

To detect kinematic data, all assessment tri-
als were recorded by an optoelectronic motion 
analysis system (SMART-e 900, BTS, Milan, 
Italy) using passive reflective markers and four 
infrared cameras, set at a 60 Hz acquisition fre-
quency. To capture hand movements, one reflec-
tive hemispherical marker (cm 1.5 in diameter) 
was placed on the dorsal surface of the middle 
finger nail bilaterally.

Only in MP group, participants’ imagery abil-
ity was assessed before starting the training ses-
sion asking them to complete the shortened ver-
sion of the Movement Imagery Questionnaire 
(MIQ).27 This test is comprised of four visual 
and four kinesthetic imagery items, involving 
movements of an arm, a leg or the entire body. 
For each item, subjects imagine the movement 
after one single physical execution. They are then 
asked to rate the difficulty in picturing/feeling 
the movement on a 7-point scale anchored by 
1 (=very easy) to 7 (=very difficult). The same 
7-point scale was also used during the training 
session, asking participants in the MP groups, 
after each IM period, to estimate their difficulty 
in imaging the bimanual task. 

Statistical analysis

To avoid anticipation effects associated with 
the beginning and the end of a trial, the first and 
last 2.5 seconds of data were excluded from all 
analyses.

First, the cycle duration was defined as the time 
(in ms) elapsing between two successive peak ex-
tension positions. The target cycle duration val-
ues were 476 and 952 ms for the slow (right) and 
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compare motor learning among groups. Post-hoc 
analyses were conducted comparing groups two 
by two. Limited to MP group, MIQ scores were 
compared to participants’ estimate about their 
difficulty in picturing/feeling the bimanual task 
using a paired t-test. 

The level of statistical significance was set at 
0.05. Data analyses were performed using MS 
Excel 2003 and the SPSS statistical package 15.0 
for Windows. 

Results

Of the 36 subjects enrolled, twelve were 
randomised to physical practice, ten to 
physical+mental practice and fourteen to control 
group. The demographic data and the ability in 
the unimanual and in the bimanual task were 
similar in the three groups at baseline (Table I).

At initial assessment, all groups were able 
to pace almost perfectly the target frequencies 
when moving each hand separately; their per-
formance, however, clearly deteriorated during 
the bimanual task, as shown by a FR_Bim mean 
value of more than 0.80 in all groups. Errors in 
the bimanual task were mainly due to partici-
pants’ inability to pace the target frequency with 

the fast (left) hand, respectively. For each cycle, 
the movement frequency was obtained for each 
limb by dividing 1000 by the cycle duration. 
The mean value of the movement frequency 
were then calculated for both unimanual and bi-
manual conditions. The frequency ratio between 
right and left limb was obtained for the per-
formance in the bimanual condition (FR_Bim) 
at pre-Test, R_Imm and R_Del, by dividing the 
averaged right hand movement frequency by the 
averaged left hand movement frequency. Any de-
viation from a 0.5 ratio reflected deviations from 
a perfect 1:2 frequency performance. At baseline 
assessment, the right-left limb ratio was also cal-
culated for the unimanual conditions (FR_Uni) 
in order to detect participants’ ability in pacing 
the target frequencies when their performance 
was free of inter-limb interference. Finally, bi-
manual-unimanual frequency ratios (FR_Bim/
Uni) were calculated for both right and left hand 
by dividing the average movement frequency in 
the bimanual test measured at each assessment 
(Test, R_imm, R_del) by the average movement 
frequency in the unimanual test at baseline as-
sessment (Test). Any deviation from the target 
value (=1) for these ratios reflects errors in pac-
ing the target frequency during bimanual per-
formance. Therefore, they were computed to 
detect whether the performance in the bimanual 
condition deteriorated differently in the fast and 
in the slow hand.

Peak to-peak amplitude values were also 
calculated per cycle and averaged across trials 
for each of the different conditions. For each 
hand, bimanual-unimanual amplitude ratios 
(AR_Bim/Uni) were then obtained by dividing 
the mean range of movement during bimanual 
task, calculated for each of the three session of 
assessment (pre-Test, R_Imm and R_Del), by 
the mean range of movement during unimanual 
task at the baseline assessment.

χ2 test for comparisons of proportions and 
one-way ANOVA for mean values were used 
to compare participants demographic charac-
teristics and baseline ability in the bimanual 
task among the three groups. For each outcome 
measure, a 3 x 3 ANOVA with repeated meas-
ures with two factors, Time (pre-Test, R_Imm, 
R_Del) and Group (PP, MP, C), was used to 

Table I.—�Demographic characteristics of the study popula-
tion and results at baseline assessment.

PP
(N.=12)

MP
(N.=10)

C
(N.=14) P

Age, years
(mean ± SD)

25.7±
5.1

23.0±
2.4

24.4±
4.0 0.320

Gender
(male/female) 4/8 6/4 5/9 0.381

FR_Uni
(mean ± SD)

0.50±
0.01

0.50±
0.01

0.51±
0.02 0.452

FR_Bim
(mean ± SD)

0.81±
0.23

0.82±
0.20

0.88±
0.16 0.654

FR_Bim/Uni RH 
(mean ± SD)

1.48±
0.45

1.52±
0.32

1.60±
0.41 0.743

FR_Bim/Uni LH 
(mean ± SD)

0.93±
0.15

0.95±
0.11

0.93±
0.16 0.935

PP: physical practice group; MP: mental+physical practice group; 
C: control group; FR_Uni and FR_Bim: frequency ratio (right hand 
movement frequency/left hand movement frequency) in unimanual 
and bimanual test, respectively; FR_Bim/Uni: frequency ratio between 
bimanual and unimanual tests (bimanual test frequency/unimanual test 
frequency); RH: right hand; LH: left hand.
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C, F2-48=15.039, p<0.001). On average, partici-
pants in the PP and MP groups neared the opti-
mal frequency ratio at R_Imm and maintained 
this ability at R_Del, while performance of C 
group did not vary among the three sessions of 
assessment (Table II, Figure 1). The comparison 
of movement speed of right and left hand dur-
ing unimanual and bimanual task confirmed 
that, after the training period, participants of PP 
and MP groups had learned to approximate the 
target frequencies with both hands, not merely 
to reach a 1:2 ratio between the two hands (Ta-
ble II). For right hand FR_Bim/Uni, in fact, 
the analysis showed significant effects of Time 
(F2-66=9.448, p<0.001), Group (F1-33=17.283, 
P<0.001) and Time x Group interaction (F4-

66=6.126, P<0.001). Again, post-hoc analysis 
demonstrated significant differences between 
both PP and MP groups and C group (Time 
x Group interaction: MP vs C, F2-44=11.098, 
P<0.001; PP vs. C, F2-48=8.268, P<0.005). 
Conversely, no differences among groups were 
found in left hand FR_ Bim/Uni. This finding 
indicates that participants in PP and MP groups 
had learned to slow down the right hand move-
ment without significantly affecting the speed of 
the contralateral hand, whereas participants in C 
group had not. 

With regard to movement amplitudes, re-
sults confirm the finding that participants in PP 

the right (slow) hand, rather than with the left 
(fast) hand. The FR_Bim/Uni, in fact, clearly 
deviated from the target value (=1) only in the 
right hand, whereas in the non dominant hand it 
reflected an almost perfect performance.

The effects of training are shown in Tables II, 
III. Statistical analysis showed a highly signifi-
cant effect of Time (F2-66=23.54, P<0.001) and 
of Group (F1-33=34.242, P<0.001) on FR_Bim. 
Moreover, the Time x Group interaction was 
also significant (F4-66=9.221, P<0.001), indicat-
ing that improvements in participants’ ability to 
pace the target frequency ratio during bimanual 
task differed among the three groups. Post-hoc 
analyses revealed that there were no differences 
between PP and MP groups, whereas they both 
differed from C group (Time x Group interac-
tion: MP vs C, F2-44=16.049, p<0.001; PP vs 

Table II.—�Effects of the training on participants’ ability in 
pacing the target frequencies with the slow (right) and the 
fast (left) hand.

PreTest R_Imm R_Del

FR_Bim * § #
Physical practice (N=12) 0.81±

0.23
0.53±
0.04

0.54±
0.05

Mental+Physical  practice 
(N=10)

0.82±
0.20

0.56±
0.08

0.56±
0.06

Control (N=14) 0.88±
0.16

0.90±
0.13

0.92±
0.10

FR_Bim/Uni RH * § #
Physical practice (N=12) 1.48±

0.45
1.07±
0.09

1.11±
0.13

Mental+Physical  practice 
(N=10)

1.52±
0.32

1.15±
0.17

1.13±
0.13

Control (N=14) 1.60±
0.41

1.69±
0.32

1.74±
0.31

FR_Bim/Uni LH **
Physical practice (N=12) 0.93±

0.15
1.02±
0.04

1.02±
0.04

Mental+Physical  practice 
(N=10)

0.95±
0.11

1.02±
0.05

1.01±
0.03

Control (N=14) 0.93±
0.16

0.96±
0.16

0.97±
0.14

*Time, P<0.001; **Time, P<0.005; §Group, P<0.001; #Time x group, 
P<0.001. FR_Uni and  FR_Bim: frequency ratio (right hand move-
ment frequency/left hand movement frequency) in unimanual and 
bimanual test, respectively; FR_Bim/Uni: frequency ratio between 
bimanual and unimanual tests (bimanual test frequency/unimanual 
test frequency); RH: right hand; LH:left hand; PreTest: baseline as-
sessment; R_Imm: immediate retention test; R_Del: delayed retention 
test. Data are shown as mean and SD.

1.25

Fr
eq

ue
nc

y 
ra

tio

1

0.75

0.5

0.25

0
Uni Bim_T0 Bim_T1 Bim_T2

C MP PP

Figure 1.—�Mean±SD of movement frequency ratio between 
the right (slow) and the left (fast) hand during unimanual test 
(Uni) e during bimanual performance at pre-test (Bim_T0) and 
at immediate (Bim_T1) and delayed (Bim_T2) retention test 
in the three groups (C=control group; MP=mental+physical 
practice group; PP=physical practice group).
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6.3) the motor tasks of the questionnaire. Com-
pared to MIQ scores, participants’ estimate was 
slightly less for the task to be learned (visual MI, 
5.1±1.0, range 3-6.5; kinaesthetic MI, 4.3±0.9, 
range 3-5.5), but the differences were not sig-
nificant (P=0.159 and P=0.189 for visual and 
kinaesthetic MI, respectively).

Discussion

The present findings indicate that in healthy 
young persons a training which combine ME 
with MI and AO is highly effective for the ac-
quisition of a bimanual coordination task. Early 
studies on mental practice found it to be more 
effective when the practised tasks have cogni-
tive components which are dominant compared 
to the motor ones.28 The task employed in the 
present study, however, may be considered a rela-
tively “pure” motor skill, in which the cognitive 
demand is quite irrelevant. Results suggest that, 
when using an adequate scheduling of learning 
periods, the combination of mental and physical 
practice may be as effective as physical practice 
alone even when the task motor components are 
predominant. In this case, it is unlikely that im-
provements are due to rehearsing the cognitive 
elements of the task. 

The few periods of ME (4 minutes on the 
whole) performed by MP participants can not 
explain the improvements shown by this group, 
since participants in the control group performed 
exactly the same amount of physical practice. 
The introduction of periods of watching to 
naturalistic videos, conversely, prevented con-
trol participants from doing any kind of mental 
practice about the task to be learned through-
out the training period. Indeed, all participants 
in C group answered correctly to all the ques-
tions asked after the vision of naturalistic videos 
and concerning the information presented in the 
videos. Moreover, to total time spent during the 
training period, and therefore the time interval 
between baseline and post-training assessments, 
was the same for all groups. Therefore, we may 
speculate that the original protocol applied in 
the present study allowed participants to maxi-
mize the learning effect of both AO and MI. 

For MP group, periods of AO were followed 

and MP groups learned to execute the multifre-
quency bimanual task significantly better than C 
group (Table III). For the left hand, AR_Bim/
Uni was always close to the target value (=1) 
and no significant changes were found among 
groups and among sessions of assessment. In 
all groups, at the baseline assessment AR_Bim/
Uni for the right hand was less than one, indi-
cating a reduced mean range of motion during 
the bimanual test compared to the unimanual 
test. After the training period, however, this 
value increased in PP and MP groups, while 
remaining relatively unchanged in C group 
(Figure 3), as inferred by the significant effect 
of Time (F2-66=5.432, P=0.007), Group (F1-

33=4.484, P=0.019) and Time x Group interac-
tion (F4-66=2.795, P=0.033). Post-hoc test re-
vealed significant differences between PP and C 
groups (Time x Group interaction, F2-48=4.652, 
P<0.05), whereas differences between MP and C 
groups were not significant  (Time x Group in-
teraction, F2-44=2.515, P=0.092).

MIQ scores reported by participants in group 
MP indicated an average to high difficulty in 
picturing (visual MI, 5.8±0.8, range 4.5-6.8) 
or feeling (kinaesthetic MI, 4.8±0.9, range 3.8-

Table III.—�Effects of the training on participants’ ability in 
moving the slow (right) and the fast (left) hand through 
the full flexion-extension range during the bimanual test, 
compared to the unimanual test.

PreTest R_Imm R_Del

Right hand AR_Bim/Uni  * § #
Physical practice (N.=12) 0.84±

0.15
0.98±
0.13

0.93±
0.13

Mental+Physical  practice 
(N.=10)

0.87±
0.11

0.98±
0.18

0.96±
0.10

Control (N.=14) 0.83±
0.12

0.82±
0.12

0.80±
0.13

Left hand AR_Bim/Uni 
Physical practice (N.=12) 0.98±

0.14
0.94±
0.19

0.95±
0.13

Mental+Physical  practice 
(N.=10)

1.00±
0.07

0.95±
0.16

0.93±
0.17

Control (N.=14) 1.04±
0.16

1.00±
0.17

1.00±
0.23

*Time, P<0.01; §Group, P<0.05; #Time x group P<0.05. AR_Bim/
Uni: amplitude ratio between bimanual and unimanual tests (mean 
bimanual test movement amplitude/mean unimanual test movement 
amplitude; PreTest:baseline
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imagery of another person’s movement.44 Dick-
stein and Deutsch,45 therefore, concluded that 
the application of both visual and kinesthetic 
imagery appears appropriate for most individu-
als.

One important study limitation is that the de-
sign did not separate the effects of MI and AO. 
Actually, results in the MP group could be as-
cribed to either MI or AO periods, rather than to 
their combination. In future research, this topic 
should be addressed including groups of partici-
pants in whom the two types of mental practice 
are performed in isolation.

Due to the limited number of participants 
enrolled, no correlation analysis was conducted 
to study the possible association between MI 
ability, as assessed through the modified MIQ, 
and performance improvements observed after 
the training. Participants in MP group showed 
moderate to high difficulty in motor imagery, as 
resulted from subjective estimates on the 7-point 
scale used for both the MIQ and the MI training 
periods. Nevertheless, all MP group participants 
improved markedly their ability in performing 
the task at retention tests. The clinical utility of 
questionnaires aimed at measuring individual 
differences in imagery ability, therefore, may be 
questioned. Indeed, the identification of people 
who would profit most from MI training is a 
relevant question. In a sample of healthy young 
participants, Yágüez et al.46 also did not find 
any correlation between motor ability improve-
ments and imagery ability as assessed through a 
test comprising verbal and visual imagery tasks. 
Different estimates of individual imagery abil-
ity are likely to be more suitable, such as auto-
nomic nervous system responses.47 However, the 
usefulness of questionnaires in order to identify 
people potentially more likely to take advantage 
from MI, needs to be verify in far larger samples 
of participants.

Whether the combination of MI, AO and 
ME is as effective in neurologically impaired per-
sons as it has been found to be in young healthy 
people remains to be evaluated. Nevertheless, 
we may speculate that the protocol used in the 
present study might allow also stroke patients to 
take full advantage of both mental and physical 
practice in order to relearn functional tasks. 

by periods of physical execution of the task, so 
that subjects could take advantage of the previ-
ous observation in order to execute the move-
ment more correctly. Several researchers demon-
strated that observation has immediate effects on 
motor performance.21, 29-32 According to Bucci-
no et al.,33 observation would generate resonant 
activity within the mirror neurons system and 
facilitate the selection of the appropriate neuro-
nal activation pattern in the subsequent motor 
execution. Indeed, it has been repeatedly shown 
that observation enhances the ability of physi-
cal training to encode a motor memory 34-36 and 
that the mirror neuron system couples execution 
and observation also in terms of temporal cod-
ing.37 The formation of lasting motor memory 
traces is, in turn, a likely prerequisite for motor 
skill acquisition.7, 38 

Conversely, MI periods were always pre-
ceded by both AO and motor execution of the 
task, allowing subjects in the MP group to op-
timally practice visual and kinaesthetic imagery 
of the task. It seems reasonable to assume that 
previous periods of watching to the correct task 
execution and previous periods of facilitated 
task execution led participants to practice more 
accurately the third person perspective imagery 
and the first person perspective imagery, respec-
tively. Indeed, a recent study by Conson et al.39 
demonstrated that observation of hand actions 
facilitates mental simulation of hand move-
ments. In most studies showing the positive 
effects of MI on motor learning, kinaesthetic, 
rather than visual, imagery was used,10-11, 40 but 
visual imagery was also found to be effective.41 
Indeed, Stinear et al.42 found that only kines-
thetic imagery can modulate corticomotor ex-
citability. However, Mulder 1 proposed that vis-
ual imagery might be more useful for relearning 
cognitive and planning aspects of movements. 
Moreover, Stevens 43 demonstrated that visual 
and kinaesthetic MI play distinct roles in the 
mental representation of human movement 
and are cooperative processes when the move-
ment is tied to visual coordinates in space. In 
any case, it should be noted that the distinc-
tion between kinaesthetic and visual imagery 
is somewhat artificial, and the latter may refer 
either to imagery of one’s own movement or to 
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A B S T R A C T
Aim.	The	aim	of	this	descriptive	cross-sectional	study	was	to	investigate	the	characteristics	of	fear	of	falling	(FF)	in	
stroke	patients	with	and	without	pushing	behaviour.
Methods.	Thirty	eight	patients	with	poststroke	hemiparesis	and	balance	impairment,	of	whom	15	with	and	23	with-
out	pusher	behaviour	were	selected	in	a	rehabilitation	inpatient	centre.	All	of	them	were	asked	to	refer	the	presence	
and	describe	the	side	of	their	FF	in	sitting	and	in	standing	position.	For	each	situation,	the	assessment	was	performed	
at	rest	and	during	passive	correction	of	the	tilted	posture.
Results.	No	differences	were	found	between	groups	in	the	proportions	of	FF	“at	rest”	both	in	sitting	and	in	standing	
position.	Patients	of	PB+	group	reported	more	frequently	ipsilesional	FF	during	passive	correction	of	posture	both	
in	sitting	and	in	standing	position.	Six	patients	(1	in	PB+	group	and	5	in	PB-	group)	were	not	able	to	report	exactly	
a	direction	of	their	FF	and	three	patients	(1	in	PB+	group	and	2	in	PB-	group)	report	also	FF	in	ahead.
Conclusion.	Despite	not	all	patients	were	able	to	report	the	side	of	their	FF,	ipsilesional	FF	may	be	used	as	a	detec-
tive	sign	to	exclude	PB	in	patients	without	severe	aphasia.	(It J Physiother 2011;1:12-6)
Key words: Posture	-		Fear	-	Accidental	falls.

Patients	 with	 pusher	 behaviour	 (PB)	 push	
strongly	 toward	 the	 hemiplegic	 side	 with	

their	 non-affected	 limbs	 and	 resist	 attempts	 at	
passive	correction	of	their	tilted	posture.1	These	
characteristics	are	reported	to	be	distinguishing	
features	of	PB2.

There	 is	 growing	 agreement	 that	 PB	 reflects	
some	misrepresentation	of	verticality,3,	4	but	the	
exact	mechanism	is	still	unclear.5	However,	pos-
tural	impairment	in	PB	seems	to	be	due	to	the	
fact	that	people	with	PB	may	tend	to	align	their	
body	posture	with	a	tilted	perceived	vertical.2

As	 an	 additional	 bedside	 criterion	 to	 detect	
PB	Recently,	Johannsen	et al.6	proposed	the	in-
vestigation	 of	 the	 pusher	 patients’	 leg-to-trunk	
orientation,	reporting	that	spontaneous	postural	
responses	 of	 the	 non-paretic	 leg	 during	 pas-
sive	body	tilts	are	specific	for	patients	with	PB.	

When	seated	upright	without	contact	with	 the	
ground,	an	ipsiversive	tilt	of	the	non-paretic	leg	
in	relation	to	the	trunk	of	about	9°	is	observed	
when	the	body	were	tilted	for	about	15°	into	the	
ipsiversive	direction.	The	inclined	leg	position	is	
maintained	throughout	the	entire	tilt	cycle.	This	
reaction	 was	 not	 observed	 in	 non-brain-dam-
aged	 subjects,	 in	 patients	 with	 acute	 unilateral	
vestibular	dysfunction,	or	in	patients	with	stroke	
without	PB	and	vestibular	dysfunction.

Clinical	observation	suggest	that	patients	with	
PB	report	 fear	of	 falling	(FF)	 toward	the	unaf-
fected,	rather	than	the	paretic	side,	in	accordance	
with	one	of	the	first	report	about	the	syndrome.1	
Recently,	Shepherd	and	Carr	suggested	that	the	
behavioural	development	may	be	a	natural	adap-
tive	response	to	the	posture	correction	that	have	
the	potential	 to	 increase	 the	 fear	of	 falling	and	

Fear	of	falling	in	stroke	patients
with	pusher	behaviour

M.	PACI,	L.	NANNETTI,	B.	LOMBARDI

Department	of	Rehabilitation	Medicine,	Prato	Hospital,	Prato,	Italy
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provoke	 defensive	 pushing.7	 FF	 characteristics	
could	be	a	further	distinctive	feature	character-
izing	PB,	but	this	aspect	was	never	systematically	
investigated.	 We	 hypothesized	 that	 identifying	
features	of	FF	that	are	specific	in	patient	with	PB	
might	provide	further	insights	about	the	nature	
of	the	verticality	misperception	in	these	patients.	
In	addition,	this	could	provide	a	simple	adjunc-
tive	tool	for	detecting	the	syndrome.

The	aim	of	 this	 study	was	 to	 investigate	 the	
characteristics	of	FF	in	stroke	patients	with	and	
without	PB.

Materials and methods

Subjects

A	sample	of	38	patients	with	hemiparesis	due	
to	first	stroke	and	admitted	to	a	city	rehabilita-
tion	department	was	selected	to	be	assessed.

They	all	met	the	following	inclusion	criteria:	
(a)	first	 stroke;	 (b)	monolateral	 cerebrovascular	
accident	 supported	 by	 computer	 tomography	
scans	 or	 magnetic	 resonance	 imaging;	 (c)	 re-
cent	stroke	(occurred	within	less	than	30	days);	
(d)	 no	 additional	 orthopaedic	 or	 neurological	
disabling	deficits;	(e)	no	severe	cognitive	impair-
ments	 (Pfeiffer’s	 Short	 Portable	 Mental	 Status	

Questionnaire≤7);	(f )	no	severe	aphasia,	such	as	
impossibility	to	assess	fear	of	falling	(Goodglass	
and	Kaplan	Scale	level	2).	Patients	with	bilateral	
lesions	by	CT	or	MRI	were	excluded.	A	neurolo-
gist	made	the	stroke	diagnosis.

An	additional	inclusion	criterion	was	the	pres-
ence	of	balance	impairment,	in	both	sitting	and	
standing	 position	 with	 or	 without	 definite	 PB.	
Subject	characteristics	are	summarized	in	Table	I.

Participants	gave	their	written	informed	con-
sent	for	collection,	storage,	and	use	of	personal	
data.

Assessment

At	 admission	 in	 rehabilitation	 department	
clinical	and	demographic	characteristics	were	re-
corded.	Moreover,	functional	status	was	assessed	
by	 the	Barthel	 Index	 (BI)	 8	motor	 impairment	
by	 the	 Fugl-Meyer	 Scale	 (FM).9	 The	 presence	
of	 visual	 neglect	 was	 assessed	 using	 the	 Albert	
test,10	while	the	Goodglass	and	Kaplan	Scale,11	a	
five-level	hierarchic	scale	of	seriousness	of	apha-
sia,	 was	 used	 to	 detect	 the	 presence	 of	 speech	
impairments.

Each	patient	was	assessed	by	a	trained	physi-
otherapist	with	the	Scale	for	Contraversive	Push-
ing	(SCP).3

The	SCP	comprises	3	sections,	each	assessing	
a	particular	feature	of	the	syndrome,	namely,	the	
symmetry	of	spontaneous	body	posture	(section	
A),	 the	 use	 of	 non	 affected	 extremities	 (leg	 or	
arm)	to	push	by	abduction	and	extension	thrust	
(section	B),	and	the	resistance	to	passive	correc-
tion	of	 the	 tilted	posture	 (section	C).	For	each	
item,	the	score	ranges	from	0	to	1.	Because	each	
feature	is	examined	in	both	sitting	and	standing	
positions,	 the	 maximum	 score	 in	 each	 section	
is	2.	Recently,	the	authors	completed	and	inte-
grated	instructions	and	task	definitions	for	SCP	
administration	and	scoring.12

The	SCP	has	been	found	to	have	an	high	in-
terobserver	reliability	for	both	subscores	and	to-
tal	score.13	The	scale	also	showed	excellent	inter-
nal	consistency	13	and	construct	validity.14

Subjects	 were	 differentiated	 into	 two	 groups	
according	to	the	presence	or	absence	of	PB	(PB+	
group	and	PB−	group,	respectively),	on	the	basis	
of	the	SCP	cut-off	score	suggested	by	Baccini	et 

Table	I.—�Subjects’ characteristics (N.=38).

PB+ PB- P

Number 15 23

Gender	(F/M) 5/10 14/9 NS

Age	(M	±	SD) 75.9±8.7 71.1±11.6 NS

Hemisphere	of	stroke	
(R/L) 14/9 9/6 NS

Stroke	type	(I/H) 12/3 15/8 NS

Time	from	stroke	onset	
(days)	(M±DS) 12.4±3.3 13.2±4.0 NS

Neglect 5 8 NS

Aphasia 5 6 NS

Fugl-Mayer	(M±DS) 107.6±20.6 106.7±32.7 NS

Barthel	Index	(M±DS) 	 28.3±11.2 25.6±8.2 NS

SCP 	 3.2±1.4 	 0.9±0.6 P<0.001

M:	 mean;	 SD:	 standard	 deviation;	 NS:	 not	 significant;	 M:	 male;	 F:	
female;	R:	 right;	L:	 left;	 I:	 ischemic;	E:	hemorrhagic;	SCP:	Scale	 for	
Contraversive	Pushing.
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al.,13	 i.e.	 a	 score	 greater	 than	 0	 in	 each	 of	 the	
three	sections	of	the	scale.	This	criterion	was	pre-
ferred	to	the	original	one	suggested	by	Karnath	
3	since	it	was	shown	to	lead	to	the	most	accurate	
diagnosis	in	a	large	sample	of	unselected	stroke	
patients.14

All	patients	gave	their	written	informed	con-
sent.

Procedure

All	patients	were	 asked	 to	 refer	 the	presence	
and	describe	the	side	of	their	fear	of	falling	in	the	
following	different	situations:	

1)	in	sitting	position,	at	the	bedside	with	legs	
hanging	free	and	feet	off	the	ground,	without	a	
support	for	their	back;

2)	in	standing	position,	with	a	physiotherapist	
on	the	patients’	contralesional	side.	Patients	were	
supported	by	the	physiotherapist	when	needed,	
in	order	to	prevent	falls.

For	 each	 situation,	 the	 assessment	 was	 per-
formed	 at	 rest,	 and	 then	 the	 experimenter	 ap-
plied	a	 sideways	 tilting	motion	of	 the	 subjects’	
trunk	or	body	to	the	side	opposite	to	the	latero-
pulsion,	left	or	right.	The	subjects	were	instruct-
ed	that	they	would	be	moved	sideways	and	that	
they	should	not	resist	this	passive	movement.	For	
each	patient,	the	passive	correction	of	the	tilted	
body	posture	was	performed	 in	 the	 same	place	
and	 by	 the	 same	 examiner,	 a	 physiotherapist	
with	experience	in	stroke	and	PB	rehabilitation.

When	patients	reported	FF	this	was	recorded	
for	each	situation,	together	with	the	side	of	FF.

Statistical analysis

The	 χ2	 test	 for	 comparisons	 of	 proportions	
and	the	t-test	for	mean	values	were	used	to	com-
pare	the	demographic	and	clinical	characteristics	
of	patients	in	PB+	and	PB-	groups.	

The	 χ2	 test	 for	 comparisons	 of	 proportions	
was	used	to	compare	patients	with	PB	and	pa-
tients	without	PB	in	terms	of	FF	“at	rest”	and	FF	
during	passive	correction	of	posture	both	in	sit-
ting	and	in	standing	position,	as	well	as	in	terms	
of	side	of	FF.	

Data	 analyses	 were	 performed	 using	 SPSS	
12.0	for	Windows.

Results

Table	I	compares	gender	and	age	distribution	
and	patients’	general	clinical	characteristics,	 in-
cluding	side	and	type	of	stroke,	time	from	stroke	
onset,	presence	of	neglect	and	aphasia,	admission	
scores	 of	 BI,	 FM	 and	 SCP.	 No	 significant	 dif-
ferences	 in	any	of	these	parameters	were	found	
between	the	two	groups,	except	for	SCP	scores.

Fifteen	patients	were	diagnosed	as	having	PB.	
No	 differences	 were	 found	 between	 groups	 in	
the	 proportions	 of	 FF	 “at	 rest”	 both	 in	 sitting	
and	 in	 standing	 position	 (χ2=0.369,	 P=0.543	
and	 χ2=2.916,	 P=0.877,	 respectively).	 Patients	
of	PB+	group	report	more	frequently	FF	during	
passive	correction	of	posture	both	in	sitting	and	
in	 standing	 position	 (χ2=17.623,	 P<0.001	 and	
χ2=6.609,	P=0.010,	respectively).	Six	patients	(1	
in	PB+	group	and	5	in	PB-	group)	were	not	able	
to	report	exactly	a	direction	of	their	FF	and	three	
patients	 (1	 in	PB+	group	and	2	 in	PB-	group)	
report	 also	 FF	 in	 ahead.	 Fourteen	 patients	 of	
PB	group	reported	ipsilesional	FF,	and	18	of	the	
PB-	group	report	contralesional	FF	(χ2=32.000,	
P<0.001).	 Five	 patients,	 all	 in	 the	 PB+	 group,	
needed	physical	 support	by	the	physiotherapist	
because	a	high	risk	of	fall.

Table	 II	 summarizes	 the	 results	 of	 reported	
side	of	FF,	which	was	assumed	to	be	related	to	
the	presence	of	PB,	and	of	SCP	diagnosis.	Re-
ported	FF	 sensitivity,	was	86.7%	 (13/15),	 spe-
cificity	was	100.0%	(23/23)	and	the	predictive	
value	 of	 FF	 towards	 the	 ipsilesional	 side	 was	
equal	to	100.0%	(13/13).

Discussion

PB	has	characteristics	which	distinguish	it	from	
other	neurological	disturbances	of	balance	2	and	

Table	II.—�Results of reported FF and of SCP diagnosis.

PB+ PB-

Reported	FF	towards	the	ipsilesional	
direction

13 	 0

Reported	FF	towards	other	directions	
than	ipsilesional

	 2 23

FF:	fear	of	falling;	PB:	pusher	behaviour;	SCP:	Scale	for	Contra-
versive	Pushing.
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tients’	orientation	of	FF	might	serve	as	a	simple	
additional	 bedside	 tool	 to	 exclude	PB	 in	 acute	
stroke	patients.	However,	because	selection	crite-
ria	of	the	study	might	exclude	patients	with	PB	
and	severe	aphasia,	the	direction	of	FF	cannot	be	
used	in	patients	with	severe	aphasia.	

In	addition,	results	of	this	 investigation	sup-
port	the	choice	of	a	facilitation	of	patient’s	active	
correction	of	the	posture	rather	than	passive	cor-
rection,1,	20-22	and	the	care	to	perform	the	exer-
cises	without	evoking	fear	during	physiotherapy.

Some	limitations	of	the	study	have	to	be	tak-
en	into	account.	Some	patients	needed	physical	
support	and	 this	could	have	 introduced	a	bias.	
Moreover,	 other	 six	 patients	 were	 not	 able	 to	
report	 exactly	 a	 side	 of	 their	 FF,	 reducing	 the	
sensitivity	 of	 the	 reported	 FF	 as	 a	 clinical	 tool	
for	 PB	 detection.	 Despite	 both	 specificity	 and	
predictive	value	of	ipsilesional	FF	were	100.0%,	
showing	that	all	patients	who	were	diagnosed	as	
having	PB	reported	the	ipsilesional	side	of	their	
FF,	the	sample	selected	in	the	present	study	were	
not	representative	of	the	general	stroke	popula-
tion,	 since	 only	 patients	 with	 balance	 impair-
ment	were	included.	The	incidence	of	PB	in	our	
participants	was	much	higher	compared	 to	 the	
incidence	 in	 the	 literature	23,	24	 and	 the	 rate	of	
true-positives	 should	 be	 expected	 to	 be	 much	
higher	than	that	in	an	unselected	stroke	popula-
tion.

Moreover,	no	information	are	available	about	
reliability	 of	 the	 procedure	 and	 in	 the	 present	
study	only	one	examination	were	performed	for	
each	patient.	For	these	reasons,	results	on	sensi-
tivity	and	specificity	should	be	considered	with	
caution.	Finally,	FF	was	considered	as	a	dichoto-
mous	value,	with	a	potential	risk	of	loss	of	use-
ful	 information	 about	 particular	 aspects	 of	 the	
subjective	perception	of	the	FF.

Conclusions

In	conclusion,	FF	has	distinctive	characteris-
tics	in	patients	with	PB,	which	are	in	accordance	
with	 a	 contrelesional	 bias	 in	 the	 perception	 of	
verticality.	 These	 finding	 could	 serve	 as	 an	 ad-
ditional	bedside	tool	to	exclude	PB	in	acute	and	
subacute	stroke	patients.

which	seems	to	be	a	consequence	of	an	errone-
ous	reference	of	verticality.15

The	pathogenesis	of	 contraversive	pushing	 is	
still	 unclear.	For	 example,	Karnath	 et al.16	 and	
Pérennou	 et al.4	 report	 that	 patients	 with	 PB	
have	 an	 unimpaired	 visual	 vertical	 (VV).	 The	
VV	(with	a	haptic	component)	and	the	subjec-
tive	straight	ahead	(SSA)	was	found	to	be	tilted	
to	the	side	of	the	lesion	in	patients	with	neglect	
without	PB	and	tilted	to	the	contralesional	side	
in	patients	with	neglect	and	PB.17,	18	In	terms	of	
postural	vertical	(PV),	Karnath	et al.2	found	that	
patients	with	PB	subjectively	perceive	their	body	
as	oriented	upright	when	it	is	tilted	an	average	of	
18°	to	the	ipsilesional	side.

Recently,	Perennou	et al.15	in	a	large	investiga-
tion,	show	that	patients	with	PB	showed	a	trans-
modal	tilt	(PV+	VV	+	Haptic	Vertcal)	of	verti-
cality	 perception	 and	 a	 severe	 postural	 vertical	
tilt.	 Interesting,	patients	with	PB	displayed	the	
largest	contralesional	tilts.

Some	authors	found	a	negative	correlation	be-
tween	the	SVV	and	the	SPV	with	a	significant	
positive	correlation	between	the	tilt	of	the	SVV	
and	 the	 head	 posture,	 which	 was	 turned	 and	
shifted	 laterally	 towards	 the	 ipsilesional	 side.17	
The	 authors	 suggest	 that	 the	 “pseudo”	 correct	
SVV	in	 the	PB	patients	may	be	 the	 result	of	a	
ipsilesional	tilt	of	the	head	as	a	result	of	a	con-
tralesional	 shift	 of	 their	 body	orientation.	This	
may	imply	a	relationship	between	the	axis	of	the	
head,	trunk	and	head–trunk	unit.

Our	results	support	the	 idea	that	pusher	has	
a	contralesional	bias	 in	the	perception	of	verti-
cality.	 In	 fact,	 patients	 with	 PB	 has	 always	 FF	
when	 their	 posture	 were	 correct	 towards	 the	
non-hemiplegic	side	till	the	real	vertical.

Probably,	when	the	patients’	body	is	moved	to	
a	objectively	upright	position,	they	feel	them	lat-
erally	unstable	due	to	the	fact	that	their	subjec-
tive	vertical	is	contralesional	tilted.	Pushing	the	
body	to	the	opposite	(contralesional)	side	might	
constitute	a	 reaction	to	 this	experience,	as	 sug-
gested	by	Shepherd	and	Carr.7	Than	our	results	
seems	to	show	that	objective	vertical	mispercep-
tion,	postural	reactions	and	FF	are	expressions	of	
the	same	problem.

With	 respect	 to	clinical	practice,	 the	present	
findings	 show	 that	 the	 investigation	of	 the	pa-
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A B S T R A C T
Aim. Patients undergoing thoracotomy or heart surgery are at risk of developing postoperative pulmonary complica-
tions (PPC) such as pneumonia, arterial hypoxemia, need of re-intubation, atelectasis and acute respiratory failure 
(ARF). Non-invasive ventilation (NIV) may be an important tool to prevent or to treat ARF by reducing the work 
of breathing and improving alveolar recruitment in order to promote a better recovery of patients and reducing the 
length of stay (LOS) in the hospital or in intensive care unit. The objective of this review was to assess the efficacy of 
NIV in treatment of patients recovering from cardiothoracic surgery.
Methods. Electronic databases were searched for randomised controlled trials (RCTs) comparing NIV with other 
respiratory techniques in adult who underwent heart or thoracic surgery. The primary and secondary outcomes were 
LOS and incidence of PPC respectively.
Results. Thirteen RCTs are included in this review, most of which are of low quality. Twelve RCTs used prophylactic 
NIV and one a curative NIV.
Conclusion. Prophylactic NIV seems to be effective in reducing LOS in patients at high risk of developing PPC and 
it can decrease the incidence of PPC in low risk patients. Curative NIV seems to be effective in reducing the rate of 
intubation and the mortality in patients presenting ARF. Further studies are necessary to better define a protocol to 
improve efficacy and preserving safety. (It J Physiother 2011;1:17-26)
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Patients undergoing thoracotomy or heart 
surgery are at high risk of developing post-

operative pulmonary complications (PPC).1 The 
PPC are defined as “pulmonary abnormalities 
that produce an identifiable clinically significant 
disease or dysfunction that adversely affect the 
clinical course”.2 These pulmonary disorders rep-
resent the major cause of postoperative mortality.3 
Perioperative factors, such as general anesthesia, 
pulmonary modifications after extracorporeal cir-
culation and postoperative pain, are factors that 
contribute with the occurrence of PPC.4

Anaesthetic reduces the muscle tone that in-
creases lung retractile forces. Such phenomenon 
contributes to atelectasis development and rises 
risk of pneumonia. Extracorporeal circulation or 

transfusion may lead to acute lung injury fur-
ther affecting gas exchanges. Surgery disrupts 
thoracic and diaphragmatic muscles forces, re-
duces phrenic output, and induces pain. These 
early and transitory modifications of respiratory 
function may lead to acute respiratory failure 
(ARF) that affects the “pump function” (respi-
ratory muscles) and the “exchange function” 
(lungs).5 ARF may need endotracheal intuba-
tion that extends the intensive care unit (ICU) 
stay, raises prevalence of infections and mortal-
ity, prolongs hospital length of stay (LOS) and 
increases costs.6-8

The incidence of PPC ranges between 20% 
to 40% for the thoracic and abdominal surgery.9 
Being older than 70 years old, smoking history, 
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chronic obstructive pulmonary disease, obesity and 
previous reduction of pulmonary function are con-
sidered risk factors for the development of PPC.10 

So far, respiratory physiotherapy has long 
been considered an essential aspect of pre- and 
postoperative treatment of patients undergoing 
thoracic surgery 11 with the objective to restore 
and maintain lung function, prevent the onset 
of PPC and ARF, develope and promote a bet-
ter recovery of patients reducing the hospitaliza-
tion. Commonly used conventional respiratory 
care (CRC) methods are the incentive spirome-
try (IS), the positive expiratory airways pressure, 
recruitment maneuvers and change of position. 
CRC has not yet provided efficacy in postopera-
tive treatment.6, 12 More recently non-invasive 
ventilation (NIV) have the main physiological 
effect to promote pulmonary re-expansion.

Continuous positive airways pressure (CPAP) 
and pressure support (PS) are the most used 
NIV methods. CPAP delivers constant posi-
tive airways pressure during the whole cycle of 
breathing. In PS ventilation the patient’s inspira-
tory effort triggers the ventilator to provide a 
variable flow of gas that increases until airway 
pressure reaches a selected level.13 The most used 
interfaces for NIV applications consist of facial 
mask, nasal mask and helmet.

NIV may be an important tool to prevent or 
to treat ARF (prophylactic or curative treatment) 
13 because by reducing the work of breathing and 
improving alveolar recruitment it is possible to 
restore the respiratory function affected after 
surgery. The efficacy of NIV in the treatment of 
ARF has been largely demonstrated in patients 
with COPD, cardiogenic pulmonary edema and 
in immunocompromised patients, while its role 
after cardiothoracic surgery is still disputed.14

The objective of this review was to assess the 
efficacy of NIV in the reduction of LOS, preven-
tion and treatment of PPC and ARF in patients 
recovering from cardiothoracic surgery.

Materials and methods

Inclusion/exclusion criteria

Randomised controlled trials (RCTs) that 
compare NIV with other techniques for prophy-

laxis or treatment of PPC in adults who under-
gone heart or thoracic surgery. 

Outcomes
Primary outcome was length of stay (LOS) in 

ICU or in the hospital structure.
Secondary outcomes are the incidence of PPC 

(pneumonia, severe hypoxemia and need of re-
intubation), presence of atelectasis and gas ex-
change efficiency.

Search strategy

Published studies of significant relevance were 
identified using an any language electronic search 
strategy, limited to RCTs, for MEDLINE and 
adapted for EMBASE, CINAHL and the Physi-
otherapy Evidence Database (PEDro) up to De-
cember 2010. The search terms used to find all 
trials registers and databases are: thoracotomy; 
thoracic surgical procedures; pneumonectomy; 
pulmonary surgical procedures; aortic aneu-
rysm; thoracic; blood vessel prosthesis implan-
tation; vascular surgical procedures; myocardial 
reperfusion; coronary artery bypass; myocardial 
revascularization; heart valve prosthesis implanta-
tion; heart bypass; right; cardiovascular surgical 
procedures; circulatory arrest, deep hypothermia 
induced; heart transplantation, pericardiectomy, 
CABg; cardiac surgery; cardiopulmonary bypass; 
open heart surgery; aortic valve; mitral valve; “tri-
cuspid valve” OR “pulmonary valve” OR “pulmo-
nary surgery” OR “thoracic surgery” OR “aortic 
surgery”; thoracic aortic surgery; coronary artery 
bypass graft*; aortocoronary bypass surgery; coro-
nary surgery; heart valve prosthesis; heart surgery; 
cardiac surgery; high-frequency ventilation; pos-
itive-pressure respiration; respiration, artificial; 
oxygen inhalation therapy; mechanical ventila-
tion; recruitment maneuver; NIV; CPAP; PEEP; 
mechanical ventilation; non-invasive mechanical 
ventilation; recruitment maneuver*; vital capacity 
maneuver*; postoperative complications; respi-
ratory insufficiency; hospitalization; pulmonary 
atelectasis; blood gas analysis; oximetry; postop-
erative pulmonary complications; pulmonary 
complications; atelectasis; length of stay.

An unsystematic handsearching, web search-
ing and references screening was added to the 
electronic search. Reference lists of papers in-
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cluded in the review were searched without giv-
ing new relevant records (Figure 1).

Data selection and analysis

Retrieved references were screened by reading 
titles without removing duplicates and added to 
records obtained from unsystematic handsearch-
ing, web searching and references screening. A 
second screening was obtained by reading ab-
stracts after removing duplicates. Two reviewers 
independently filtered search results for eligibili-
ty, assessed methodological quality and extracted 
data in an extraction form. 

The studies’ quality was assessed using the 
Cochrane Handbook for Systematic Reviews of 
Interventions.15

Results

Thirteen RCTs were included. Twelve studies 
used a prophylactic NIV to prevent ARF, one 
study used a curative NIV for treatment of ARF. 

Eight studies included heart surgery patients 7-9, 

16-20 (four coronary bypass surgery patients and 
four unspecified cardiac surgery patients), four 
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13 studies included in qualitative
synthesis
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Figure 1.—Flow of information through the different phases of

Table I.—Participants characteristics.

Study
Participants characteristics

Type of surgery Age range (Years)

Stock 1984 16 Cardiac 30-76*
Pinilla 1990 17 Cardiac 45-73*
Ingwersen 1993 21 Cardiac/Pulmonary NR
Jousela 1994 9 Cardiac 31-70
Aguilò 1997 25 Pulmonary 41-62*
Matte 2000 18 Cardiac 45-82*
Auriant 2001 22 Pulmonary 40-80*
Pasquina 2004 7 Cardiac 40-90*
Kindgen-Milles 1995 3 Toracoabdominal 59-75*
Perrin 2007 23 Pulmonary 57-69*
Celebi 2008 19 Cardiac 34*- 65
Lopes 2008 20 Cardiac 20-80
Zarbock 2009 8 Cardiac 58-66*

NR: not reported; * Estimated from SD.
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cmH2O 17 and in the remaining studies a pres-
sure of 10 cmH2O was used except in one study 
which 15 cmH2O was used.21

In the studies that implied PS was used an 
inspiratory pressure of 8-12 cmH2O and an ex-
piratory pressure (PEEP) of 4-5 cmH2O.

Prophylactic NIV was applied for 0.5 to one 
hour in two studies immediately after extubation 
in order to verify its short term effects; two 18, 19 
during the first postoperative day with intermit-
tent cycles of one hour every four-eight hours; 
four 3, 8, 9, 17 continuously from 8 to 12-24 hours 
per day. In the study by Perrin et al.23 prophy-
lactic NIV was applied seven days before the 
surgery up to three postoperative days with one 
hour of NIV for five cycles per day.

Two studies compared CPAP to PS; in the 
work of Pasquina et al.7 patients undergone an 
half hour therapy every six hours while in the 
work of Matte et al.18 patients underwent an 
hour therapy every three hours.

Curative NIV was applied for a mean of 14 h 
per day for two days22.

studies handled thoracic surgery (three pulmo-
nary resection patients, one replacement surgery 
of thoraco-abdominal aorta patients) and one 
study included both kind of patients.21 All stud-
ies excluded patients aged <18 years or unable to 
sign informed consent (Table I).

Intervention

The interventions utilized in the included 
studies are detailed in Table II.

The mainly used interface for application of 
NIV is the face mask (eight studies of 13).

Six RCTs compare the use of CPAP vs. CRC, 
four after cardiac surgery,8, 9, 16, 17 one after tho-
racoabdominal surgery 3 and one with patients 
belonging from both conditions.21

Five RCTs compare the use of PS vs. CRC, 
two after cardiac surgery,19, 20 and three after pul-
monary surgery.22, 23-25

Two RCTs compare the use of CPAP vs. PS on 
cardiac surgery.7, 18

Of the eight studies using CPAP, two used a 
pressure of 5 cmH2O,7, 18 one used a pressure of 
7.5 cmH2O,16 one a pressure either of 5 or 7.5 

Table II.—Characteristics of studies.

Study Type of
intervention

Characteristics of treatment

Type of NIV and Pressure (cm H20) Mean time of
treatment (hours/day) Type of mask

CPAP PS (Peep+PS)

Stock 1984 16 CPAP vs. CRC 5-7.5 3 (1 h cycles) § Face

Pinilla 1990 17 CPAP vs. CRC 5-7.5 12 Face alternate nose

Ingwersen 1993 21 CPAP vs. CRC 15 MM Face

Jousela 1994 9 CPAP vs. CRC 10 8 Face

Aguilò 1997 25 PS vs. CRC 5±10 1 Nasal

Matte 2000 18 CPAP vs. PS 5 4-5±8-12 8 (1 h cycles) Face

Auriant 2001 22 PS vs. CRC 4±12 14 (2 h cycles) § Nasal

Pasquina 2004 7 CPAP vs. PS 5 4-5±8-12 2 (0.5 h cycles) Face

Kindgen-Milles 1995 3 CPAP vs. CRC 10 12 to 24 Nasal

Perrin 2007 23 PS vs. CRC 5±10 5 (1 h cycles) *§ Face

Celebi 2008 19 PS vs. CRC 5±10 4 (1 h cycles) Face

Lopes 2008 20 PS vs. CRC 5±8-12 0.5 Face

Zarbock 2009 8 CPAP vs. CRC 10 9 Nasal

CPAP: continuous airways positive pressure, PS: pressure support, CRC: conventional respiratory care; MM:5 minutes/waking horus; §: for 2 or 
3 days; *:following seven preoperative days.
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terial blood - PaO2 - and partial pressure of car-
bon dioxide in the arterial blood - PaCO2). One 
author 25 also reported the pressure gradient of 
oxygen from alveolar to arterial P(A-a)O2.

Nine studies 3, 7, 9, 16-19, 21, 23 assessed the pres-
ence of atelectasis by chest X-ray performed by 
radiologists blinded to treatment condition, 
three of whom 19, 21 quantified the degree of atel-
ectasis with a numerical scale (Table III).

Risk of bias

Randomization was described and appropriate 
in seven studies.3, 7, 8, 16, 19, 20, 23 Two of these were 
three-armed,18, 21 in both studies it is not clear-
ly stated how many randomized patients were 
placed per group. The allocation concealment was 
described and appropriate in five RCTs.7-9, 19, 23 

The outcome assessor was blinded in eight 
studies mainly for X-ray assessment of atelecta-
sis. In two studies 3, 8 the clinicians who decided 
the discharges from the ICU were blinded to the 
patients’ group.

Outcomes

Eight studies assessed the LOS, three of tho-
racic surgery patients 3, 22, 23 and five 7-9, 17, 18 of 
cardiac surgery patients. The study of Matte et 
al.18 considered the LOS only in ICU.

Five works 3, 8, 9, 16, 17 assessed the incidence of 
pneumonia. In one study, pneumonia was diag-
nosed by body temperature level and white blood 
cells count.9 Another study 16 made a diagno-
sis of pneumonia when patients showed two or 
more of three signs: changes in amount or color 
of sputum, body temperature >38.5 °C in two 
different occasions and presence of infiltrated at 
X-ray. Two studies 3, 8 followed the guidelines of 
garner et al.24 the diagnosis and the last study 
17 assessed characteristics of sputum and white 
blood cells count.

Three works 3, 8, 22 assessed the incidence of 
reintubation.

All works except one 22 analyzed gas exchange 
(partial pressure of oxygen in arterial blood on 
the percentage of oxygen in a gas mixture ratio 
- PaO2/FiO2 - or partial pressure of oxygen in ar-

Table III.—Reported outcomes.

Study Type of
intervention ARF

Main reported outcome

Leght
of stay

Postoperative pulmonary
complications (PPC)

Atelectasis gases
exchangeArterial 

hypoxemia Polmonitis Reintubation

Stock 1984 16 CPAP vs. CRC P X X X

Pinilla 1990 17 CPAP vs. CRC P X X X X

Ingwersen 1993 21 CPAP vs. CRC P X X

Jousela 1994 9 CPAP vs. CRC P X X X X X

Aguilò 1997 25 PS vs. CRC P X

Matte 2000 18 CPAP vs. PS P X X X

Auriant 2001 22 PS vs. CRC C X X

Pasquina 2004 7 CPAP vs. PS P X X X

Kindgen-Milles 1995 3 CPAP vs. CRC P X X X X X X

Perrin 2007 23 PS vs. CRC P X X X

Celebi 2008 19 PS vs. CRC P X X

Lopes 2008 20 PS vs. CRC P X

Zarbock 2009 8 CPAP vs. CRC P X X X X X

CPAP: continuous airways positive pressure; PS: pressure support; CRC: conventional respiratory care. ARF: acute respiratory failure; P: profilactic; 
C: curative.
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who received CPAP used a 10 cm H2O pressure, 
while PS was given with a 5 cm H2O Peep and a 
10 cm H2O pressure support. Only two studies 
3, 23 including 89 patients showed a statistically 
significant reduction of LOS in the hospital but 
not in the ICU.

Two studies,7, 18 with 212 patients recruited, 
measured LOS of patients after CPAP treatment 
versus PS treatment. None of these studies found 
a significative difference in the LOS in ICU.

Curative NIV

One study 22 on 48 patients with ARF did not 
show an effect of PS in reducing LOS.

Secondary outcomes – PPC

Prophylactic NIV

Five studies 3, 8, 9, 16, 17 on 663 patients assessed 
the effect of NIV on PPC as defined in this re-
view. Only two studies 3, 8 including 518 pa-
tients showed statistically significant differences 
in reducing arterial hypoxemia, pneumonia and 
incidence of re-intubation.

Four studies did not report patients’ drop-
outs,9, 16, 19, 21 three studies 3, 7, 22 performed 
an intention-to-treat analysis of patients that 
discontinued the study (always less than 10%) 
and five studies performed a per-protocol analy-
sis even with 25% of randomized patient lost 
to follow-up.17 In the study of Zarbock et al.3 
500 patients were randomized into groups and 
32 patients were excluded before starting treat-
ment because they did not meet the inclusion 
criteria (mainly for re-intervention, heart failure 
and duration of intubation >18 hours). Studies 
always reported information about treatment 
withdrawal reasons (Table IV). 

Primary outcome - Length of stay 

Prophylactic NIV

Five studies, four considering CPAP 3, 8, 9, 17 
and one considering PS,23 on 664 patients meas-
ured LOS of patients after NIV treatment versus 
CRC treatment. Three of them dealt with car-
diosurgery patients,8, 9, 17 one with pulmonary 
surgery patients 23 and one with thoracoabdomi-
nal surgery patients.3 The majority of patients 

Table IV.—Methodological quality of included studies.

Study Sample size Description of 
randomisation

Allocation
concealment

Blinded
assessor Withdrowals Analysis

Stock 1984 16 38 Yes Unclear Yes NR NR

Pinilla 1990 17 77 NR Unclear No 25% P

Ingwersen 1993 21 160 NR Unclear Yes 10% P

Jousela 1994 9 30 NR Adequate No NR NR

Aguilò 1997 25 20 NR Unclear No 5% P

Matte 2000 18 96 NR Unclear Yes 16% P

Auriant 2001 22 48 NR Unclear No 2% I

Pasquina 2004 7 150 Yes Adequate Yes 10% I

Kindgen-Milles 1995 3 50 Yes Unclear Yes 4% I

Perrin 2007 23 39 Yes Adequate Yes 18% P

Celebi 2008 19 100 Yes Adequate Yes NR NR

Lopes 2008 20 100 Yes Unclear No NR NR

Zarbock 2009 8 468 Yes Adequate Yes 6% I

For the allocation concealment the therm “adequate” is used when the method of allocation is clearly described while “unclear” when the authors 
do not report any allocation concealment approach. For blinding assessor “Yes” indicates the blind condition for at least one outcome (generally 
atelectasis); for Analisys P indicates an analysis “per protocol”, I “per intention to treat” and NR: not reported.
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Prophylactic NIV

Of the eight studies 3, 7, 8, 17, 18, 22, 23 analyz-
ing the LOS, two showed a statistically signifi-
cant difference in LOS in the hospital between 
groups.3, 22 Both studies included patients at 
high risk of developing PPC than those in other 
studies. The study of Perrin et al.23 was on 39 
patients who underwent lung resection. Sub-
jects with obstructive airways syndrome were 
enrolled. The study of Kindgen-Milles et al.3 in-
cluded 50 patients after thoracoabdominal aor-
tic surgery which is known as one of the proce-
dures with the highest risk of PPC.26 In fact, the 
control group in this study showed a rapid and 
considerable development of postoperative hy-
poxemia reaching a PaO2/FiO2 <200 four hour 
after extubation. On the other hand the study of 
Zarbock et al.,3 which have the widest sample, 
excluded patients with chronic respiratory dis-
ease and postoperative heart failure.

The dosage of NIV is another factor that could 
have influenced the outcomes. In the study of 
Perrin et al.23 the subjects have been treated for 
seven days before surgery and up to three post-
operative days while in all other studies patients 
were treated only during the first postoperative 
day. In the study of Kindgen-Milles et al.3 the 
patients received CPAP at 10 H2O for 12 to 24 
h while in all other study the participants were 
treated from 2-4 to 12 h.

Some authors 23 argued that considering the 
LOS as an indicator of outcome on the effect of 
NIV could be controversial as it should be rec-
ognized that the length of stay in hospital (ICU 
or other wards) can also be caused by factors that 
are independent from treatment and patient’s 
needs, such as the unavailability of beds for new 
departments or rehabilitation units.23, 27 Nev-
ertheless, the LOS is a method often used for 
directly assessing complications occurring after 
surgery.28-31

The results on the effectiveness of NIV as 
prophylaxis of PPC and their relative impact on 
the clinical course, showed that patients “at low 
risk”, using appropriate pressure and applying 
the protocol for at least nine hours in the first 
postoperative day, could have positive effect on 
reduction of PPC but no effect on LOS. Con-

Curative NIV

One study on 48 patients,22 showed a statisti-
cally significant reduction in re-intubation and 
an improvement of a non-severe arterial hypox-
emia (PaO2/FiO2 values near 100) after two 
hours of treatment.

gas exchanges and atelectasis

Arterial oxygenation shows a tendency to 
improve after treatment with NIV, whether no 
differences are detected in atelectasis formation. 
Concerning the efficacy of CPAP versus PS one 
study 7 reported better results of PS versus CPAP 
in the improvement of atelectasis during the 
first two postoperative days but not in the gas 
exchanges and one study did not find any statis-
tical difference.18

Discussion

Thirteen RCTs on the efficacy of NIV in the 
treatment of cardiothoracic surgery patients 
have been included in this review. On average 
the quality of trials was low. Only a half reported 
on an appropriate method of randomization and 
a minority on allocation concealment, although 
bad reporting may not mean bad practice. The 
majority of trials attempted to blind the observ-
ers. In only a few trials was the follow-up of pa-
tients adequately reported and data analyzed ac-
cording intention-to-treat.

Twelve on 13 used the NIV as a prophylaxis 
of ARF, one work evaluate the curative effect.22

LOS, in ICU or hospital, was chosen to be the 
primary outcome as it could turn out to be an 
indicator of patient clinical history. PPC (severe 
arterial hypoxemia -PaO2/FiO2 <100-, pneumo-
nia, and need to re-intubation) defined as pul-
monary abnormalities that produce an identifi-
able clinically significant disease or dysfunction 
that can potentially adverse the clinical course 
were analyzed as secondary outcome.

The incidence of atelectasis was also consid-
ered, because it is often the main cause of an out-
break of PPC, as gas exchanges’ quality was also 
considered because it can be an indicator of NIV 
pulmonary effectiveness.
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Regarding the comparison of CPAP versus PS 
a well conducted study showed a better effective-
ness of PS in the improvements of atelectsis but 
not in the gas exchanges. However, it is impor-
tant to underline that the CPAP was set at only 
5 cmH2O while the PS group utilized the same 
level of expiratory pressure plus the pressure sup-
port leading to a higher positive pressure used in 
this group. 

Curative NIV

The results of the study of Auriant et al.22 
showed that in case of postoperative ARF the 
use of NIV for many hours a day may prevent 
reintubation and mortality.

Observational 33-36 and retrospective 37 studies 
on the use of NIV to treat postoperative AFR 
reported high rate of success in avoiding intuba-
tion from 76% to 86% after cardiac 36 or tho-
racic surgery.35-37 The presence of pneumonia, 
cardiac comorbidity and no initial response to 
treatment are reported to be predictors of NIV 
failure 34-36 and must be taken into account to 
improve the safety of NIV application during 
postoperative ARF.

Conclusions

So far NIV has been applied as a preventive or 
a curative tool after cardiac and thoracic surgery 
in a limited number of studies. Initial results 
seems quite positive. Prophylactic NIV appears 
to be effective in reducing LOS in cardiothoracic 
surgical patients considered at risk of develop-
ing PPC. In low risk patients prophylactic NIV 
delivered at least 6-9 hours in the first postopera-
tive day can decrease the incidence of PPC and 
the postoperative hypoxemia but not the late de-
velopment of atelectasis. CPAP and NIV seem 
to be equally effective in improving postopera-
tive hypoxemia and atelectasis. 

In case of postoperative ARF, NIV seems to be 
effective in reducing the rate of intubation and 
the mortality. An overall estimation of treatment 
effect could produce a more reliable information 
on the use of this technique. Considering heter-
ogeneity of studies about the pathology and clin-
ical condition of included patients, reported data 

cerning PPC only two studies 3, 8 of five reported 
a significant reduction with profilactic NIV both 
utilizing CPAP at a pressure of 10cmH2O for 
12-24 h on thoracoabdominal 3 or cardiac sur-
gery patients.8

The reason why the other studies did not find 
significant result may depend on several factors: 
1) the small samples size; 2) the different defini-
tion of PPC: in the study of Zarbock et al. and 
in that of Kingel-Milles et al. the PPC were cal-
culated as the sum of patients developing several 
pulmonary dysfunctions (reintubations, pneu-
monia, PaO2/FiO2 <100), thus leading to an 
increase of the PPC’s incidence; 3) the different 
dosage: Stock et al.16 applied the NIV only 2h/
die; 4) pressures used: Stock et al.16 used 7.5 cm-
H2O and Pinilla et al.17 used 5 and 7.5 cmH2O.

Blood gas exchanges and pulmonary atelectasis 
were considered secondary outcomes despite they 
are primary in the majority of included studies. 
Only one study 19 reported a statistically signifi-
cant difference in the prevention of atelectasis in 
favor of NIV, while other studies showed a posi-
tive trend in the treatment groups. The incidence 
of atelectasis seemed to be higher in the second 
post-operative day. This led to the hypothesis that 
prolonged treatment may be more effective in at-
electasis’ prevention. A prolonged treatment be-
yond the first postoperative day could be applied, 
after the discharge from the ICU, in the surgical 
wards. Only one pilot study evaluated NIV ap-
plication outside the ICU, in the cardiac surgery 
ward, to treat mild to moderate late ARF report-
ing an acceptable feasibility and safety of the NIV 
treatment.31 Results from this study, taking place 
in a hospital with a large experience in NIV treat-
ments in ordinary wards,32 are not generalizable: 
safety and efficacy can be severely impaired out-
side the ICU. However, considering the limited 
availability of beds in the ICU, the opportunity 
to apply NIV in surgical wards in selected patients 
should be (but cautiously) evaluated.

The gas exchange improvement does not seem 
to coincide with a reduction in atelectasis, this 
is probably due to the diagnostic method: blood 
gas analysis is more reliable and do not undergo 
to the examiner judgments as for X-ray. A reli-
able incidence of atelectasis would be best ob-
served by CT scan.



EFFICACY OF NON-INVASIVE VENTILATION FOR CARDIOTHORACIC SURgICAL PATIENTS OLPER

Vol. 1 - No. 1 iTALIAN JOURNAL OF PHYSIOTHERAPY 25

17. Pinilla JC, Oleniuk FH, Tan L, Rebeyka I, Tanna N, 
Wilkinson A et al. Use of a nasal continuous positive air-
way pressure mask in the treatment of postoperative atel-
ectasis in aortocoronary bypass surgery. Crit Care Med 
1990;(8):836-40.

18. Matte P, Jacquet L, Van Dyck M, goenen M. Effects of 
conventional physiotherapy, continuous positive airway 
pressure and non-invasive ventilatory support with bilevel 
positive airway pressure after coronary artery bypass graft-
ing. Acta Anaesthesiol Scand 2000;44:75-81.

19. Celebi S, Koner O, Menda F, Omay O, gunay I, Suzer K et 
al. Pulmonary effects of noninvasive ventilation combined 
with the recruitment maneuver after cardiac surgery. Anesth 
Analg 2008;107:614-9.

20. Lopes CR, Brandao CM, Nozawa E, Auler JO Jr. Benefits 
of non-invasive ventilation after extubation in the postop-
erative period of heart surgery. Rev Bras Cir Cardiovasc 
2008;23:344-50.

21. Ingwersen UM, Larsen KR, Bertelsen MT, Kiil-Nielsen K, 
Laub M, Sandermann J et al. Three different mask phys-
iotherapy regimens for prevention of post-operative pul-
monary complications after heart and pulmonary surgery. 
Intensive Care Med 1993;19:294-8.

22. Auriant I, Jallot A, Herve P, Cerrina J, Le Roy Ladurie F, 
Fournier JL et al. Non-invasive ventilation reduces mortal-
ity in acute respiratory failure following lung resection. Rev 
Mal Respir 2001;164:1231-5.

23. Perrin C, Jullien V, Venissac N, Berthier F, Padovani B, 
guillot F et al. Prophylactic use of noninvasive ventilation 
in patients undergoing lung resectional surgery. Respir Med 
2007;101:1572-8.

24. garner JS, Jarvis WR, Emori Tg, Horan TC, Hughes JM. 
CDC definitions for nosocomial infections, 1988. Am J In-
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Non-invasive ventilatory support after lung resectional sur-
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mitt DV et al. Predictors of prolonged ICU stay after on-
pump versus off-pump coronary artery bypass grafting. In-
tensive Care Med 2004;30:88-95.
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tion for major adverse outcomes in cardiac surgery: com-
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source utilization, postoperative mortality, and morbidity. 
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seem not to be sufficient for conducting a meta-
analysis on primary outcome. Further studies are 
necessary to better define the finest protocols to 
improve efficacy while preserving safety.
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A B S T R A C T
The aim of this paper was to describe neurological physiotherapy literature and to analyze whether similar treatments 
are used to obtain the same objectives in patients with different diseases. MEDLINE and EMBASE databases were 
consulted until December 2007. All types of studies on the effectiveness of physiotherapy in adults with a central 
nervous system lesion were included. The articles selected were catalogued with respect to title, author, journal, year 
of publication, type of study and pathology. In order to verify whether the same treatments were used for the same 
objectives in different pathologies, controlled trials concerning the most frequently studied neurological diseases 
were classified according to treatment and objective. The number of articles and journals in which the articles were 
published has increased over years, reaching a total of 3 065 articles published in 589 journals. The most studied 
diseases are stroke (1 304 articles), spinal cord injuries (SCI, 644), Parkinson’s disease (PD, 230) and multiple 
sclerosis (MS, 175). From the classification of the controlled trials on these four diseases, it emerges that a specific 
treatment has been frequently applied to obtain the same outcome in more than one disease (69 times for a total 
of 549 articles). The literature shows an increasing trend towards rehabilitation treatments based on motor deficit 
rather than on etiology. These data may favour a clinical approach based primarily on motor signs not strictly related 
to pathology, achieving a stronger association between evidence-based medicine (EBM) and evidence-based practice 
(EBP). (It J Physiother 2011;1:27-35)
Key words: Central nervous system - Rehabilitation - Motor skills. 

The relevance of evidence-based medicine 
(EBM) is increasing over years. EBM quan-

tifies the evidence data from the scientific litera-
ture’s according to a qualitative hierarchy where 
randomized controlled trials (RCT) are placed at 
the top.1, 2 

EBM is also gaining an important role in neu-
rological physiotherapy,2-5 where there is a grow-
ing interest in RCTs, compared to other kinds 
of studies.

However, the design of RCTs in physiotherapy 
research is often complicated due to some charac-
teristic features of this discipline. Elaborated types 
of treatments and outcomes are frequently re-
quired.6 Moreover another difficulty is represented  
by the large costs of human and financial resources 

needed to conduct a RCT with an adequate sample 
size.5, 6 This makes the search for financial resourc-
es even more complicated than in other medical 
fields.2 Furthermore, it is hard to standardize the 
treatment, because it has to adapt to a variability 
of motor impairments and it is influenced by the 
therapist’s characteristics, which in turn influence 
the patient’s answer to the treatment.7

As well as for other biomedical sciences, sci-
entific literature on neurological physiotherapy 
is highly characterized by studies conducted on 
homogeneous diagnostic areas.8 This choice de-
rives from the attempt to reduce the “selection 
bias”, which consists of errors connected with 
the sample characteristics and subjects’ alloca-
tion into groups.9-11 As a consequence, the ap-
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plication of the studies’ results in the clinical 
practice becomes even more difficult. Indeed, 
the main aim of rehabilitation interventions is 
not working on the source of the pathogenic 
noxa but on the effects of the disease on the 
motor function.7, 12

The abovementioned problems may interfere 
when moving from EBM to EBP, which con-
siders the best therapeutic choice based on the 
available scientific evidence.4, 6

The question which led us to this study is 
whether literature data may be used independ-

Table I.—�Bibliographic research strategy on Medline database.

1 Akathisia, drug-induced 39 Hepatolenticular degeneration 77 Pituitary apoplexy 
2 Alcohol-induced disor., nervous system 40 Hereditary CNS demyelinating diseases 78 exp Poliomyelitis 
3 Amyotrophic lateral sclerosis 41 exp Heredodegener. disor., nervous system 79 Shy-Drager syndrome 
4 exp Basal ganglia cerebrov. disease 42 Hippel-Lindau disease 80 Spastic Paraplegia, Hereditary 
5 Botulism 43 Hydrocephalus 81 exp Spinal cord diseases 
6 exp Brain damage, chronic 44 Hypothalamic diseases 82 exp Spinal cord injuries 
7 exp Brain diseases 45 exp Hypoxia-ischemia, brain 83 exp Spinal cord neoplasms 
8 exp Brain infarction 46 exp Intracranial arterial diseases 84 exp Spinal cord vascular diseases 
9 exp Brain injuries 47 Intracranial arteriovenous malformations 85 exp Spinocerebellar degenerations 
10 exp Brain ischemia 48 exp Intracranial embolism and thrombosis 86 Sturge-Weber syndrome 
11 Brain neoplasms 49 Intracranial hemorrhage, hypertensive 87 Subarachnoid hemorrhage 
12 Bulbar palsy, progressive 50 exp Intracranial hemorrhage, traumatic 88 Subdural effusion 
13 Canavan disease 51 Intracranial hemorrhages 89 Tauopathies 
14 exp Central nervous system cysts 52 Intracranial hypertension 90 Thalamic diseases 
15 Central nervous system diseases 53 Intracranial hypotension 91 or/1-90
16 exp Central nervous system infections 54 Isaacs syndrome 92 Activities of daily living
17 Central nervous system neoplasms 55 Kluver-Bucy syndrome 93 Biofeedback, psychology
18 exp CNS vascular malformations 56 Leukoencephalopathy, progr. multifocal 94 Breathing exercises
19 exp Cerebellar diseases 57 exp Meningeal neoplasms 95 Drainage, postural
20 exp Cerebral arterial diseases 58 Meningitis 96 Early ambulation
21 exp Cerebral hemorrhage 59 Motor neuron disease 97 Exercise
22 exp Cerebrovascular accident 60 exp Movement disorders 98 Exercise movement techniques
23 exp Cerebrovascular disorders 61 MPTP poisoning 99 exp Exercise therapy
24 Craniocerebral trauma 62 exp Multiple sclerosis 100 Hydrotherapy
25 Dandy-Walker syndrome 63 Multiple system atrophy 101 Occupational therapy
26 Dementia 64 Muscular atrophy, spinal 102 exp Orthopedic equipment
27 exp Demyel. autoimmune dis., CNS 65 Myelinolysis, central pontine 103 exp Physical therapy modalities
28 Diffuse cerebral sclerosis of Schidler 66 exp Myelitis 104 Rehabilitation
29 Dyskinesia, drug-induced 67 Nervous system diseases 105 Relaxation
30 Dystonia musculorum deformans 68 exp Neural tube defects 106 Relaxation techniques
31 exp Encephalitis 69 Neuroaxonal dystrophies 107 exp Self-help devices
32 Encephalomalacia 70 Neuroleptic malignant Syndrome 108 Splints
33 Encephalomyelitis 71 Neuromuscular diseases 109 Transcutaneous electric nerve 

stim.
34 Epilepsy 72 Neurotoxicity syndromes 110 Vibration
35 Gerstmann-Straussler-Scheinker dis. 73 Ocular motility disorders 111 Walking
36 Hallervorden-Spatz syndrome 74 Olivopontocerebellar atrophies 112 or/92-111
37 Headache disorders 75 Paraneoplastic syndromes 113 91 and 112
38 Heavy metal poisoning , nervous sys-

tem
76 exp Parkinsonian disorders 114 113 and [adult]/lim
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ently from the pathology for which they were 
originally reported. 

In order to answer this question, we carried 
out an analysis of the scientific literature on neu-
rological physiotherapy aimed at: 1) showing the 
development and trends of neurological physi-
otherapy over the years; 2) verifying whether 
similar treatments are used for same outcomes in 
subjects with different pathologies. 

Materials and methods

Research strategy

MEDLINE and EMBASE databases were 
consulted from their earliest date to December 
2007, combining the MeSH terms of central 
nervous system (CNS) diseases with MeSH terms 
of physiotherapy treatments, such as physical 
exercises, application of physical therapies, aids 
and orthosis, occupational therapy. These MeSH 
terms were selected for each database by two ex-
pert physical therapists. The research was limited 
to studies including adult participants using the 
MeSH term adult. Ninety MeSH terms related to 
CNS pathologies and 20 terms concerning physi-
otherapy were found in Medline (Table I) while 

30 and 17, respectively, were found in EMBASE 
(Table II). Once the research was completed, two 
authors (MS, SV) carried out an independent se-
lection of the articles with respect to the follow-
ing inclusion and exclusion criteria: studies on the 
efficacy of physiotherapy on adult subjects (over 
18 years of age) affected by CNS damage were in-
cluded, efficacy studies of therapies not strictly be-
longing to the professional-technical knowledge 
of the physical therapist (for instance: transcranial 
magnetic stimulation or acupuncture) and effi-
cacy studies of neuropsychological rehabilitation 
were excluded. The selection was made by reading 
the title and the abstract. A third author (EG) was 
consulted in case of disagreement. 

Cataloguing

All the selected articles were listed into an 
Excel spreadsheet with respect to: a) the article’s 
progressive number; b) title; c) authors; d) jour-
nal; e) year of publication; f ) publication type; g) 
pathology of participants included in the study. 

We assembled the articles according to the 
following categories of study design: case report, 
uncontrolled (clinical trial without a control 
group); controlled (clinical trial with a control 

Table II.—�Bibliographic research strategy on Embase database.

1 Axonal injury 18 exp Meninx disorder 35 exp General medical aids 
2 exp Brain disease 19 Minamata disease 36 Hydrotherapy
3 exp Brain infection 20 exp Motor neuron disease 37 exp Kinesiotherapy 
4 exp Brain injury 21 exp Myelitis 38 Low level laser therapy performance
5 exp Brain malformation 22 exp Nervous system inflammation 39 Muscle relaxation
6 exp Brain tumor 23 Nervous system injury 40 Muscle stretching
7 exp Central nervous system disease 24 Neurologic disease 41 exp Orthopedic equipment 
8 exp Central nervous system infection 25 exp Spinal cord disease 42 exp Physical activity capacity 
9 exp Central nervous system malforma-

tion
26 exp Spinal cord infection 43 exp Physical medicine 

10 exp Central nervous system tumor 27 exp Spinal cord injury    44 exp Rehabilitation
11 exp Cerebellum disease 28 exp Spinal cord malformation 45 Robotics
12 exp Cerebrovascular disease 29 exp Spinal cord tumor 46 Transcutaneous nerve stimulation
13 exp Demyelinating disease 30 exp Spinal cord vascular disease   47 exp Vibration
14 exp Encephalitis 31 OR/1-30 48 exp Walking 
15 exp Extrapyramidal syndrome 32 Bed rest 49 OR/32-48
16 exp Head injury 33 exp Exercise 50 31 AND 49
17 exp Meningitis 34 exp Feedback system 51 50 AND ([adult]/lim OR [aged]/

lim)
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Trials which enrolled subjects suffering from 
different pathologies were called mix (miscel-
laneous) and those with no specified pathology 
were called n.d. (not definable).

Classification

Once the cataloguing was completed, we pro-
ceeded with the analysis in order to verify how 
many times and in how many articles a treat-
ment was used for the same objective in sub-
jects suffering from different pathologies. For 
this purpose we selected out of the catalogued 
studies only the controlled clinical trials which 
included patients affected by the four most fre-
quently studied neurological diseases: stroke, 
spinal cord injury (SCI), multiple sclerosis (MS) 
and Parkinson’s disease (PD). Each article was 
classified according to the disease, the treat-
ment and the outcomes considered. Because of 
the high number of outcomes and rehabilita-
tion treatments considered in the articles (about 

group: randomised/non randomized, crossover/
parallel groups design) and review (systematic 
reviews, surveys, metanalysis). The articles that 
did not fall into these four categories were called 
other (for example, editor’s letters, editorials or 
comments), while the articles without a clear ti-
tle and abstract were called n.d. (not definable).

For the cataloguing according to the pathol-
ogy we looked at the disease/s of the subjects 
enrolled in the study. These diseases were then 
organized into the following pathology groups: 

—� brain pathologies (e.g.: stroke, traumatic 
brain injuries, brain cancers, hydrocephalia, coma);

—� combined syndromes (e.g.: motoneuron 
syndromes, demyelinating diseases);

—� myelopathies (e.g.: myelolesions, compres-
sive myelopathies, syringomyelia, poliomiyeli-
tis);

—� movement disorders (e.g.:Parkinson’s dis-
ease, Huntington’s disease, dystonia, tremor);

—� cerebellar pathologies (e.g.: Friedreich’s 
ataxia, cerebellar stroke).

Table III—�List of 20 outcomes and 37 treatments selected for the classification of the studies.

Outcomes Treatments

1 Upper limb 1 Cardiovasc. training 21 Muscle strengthening
2 Lower limb 2 Pneumatic compression 22 Robotics
3 Trunk 3 Cycle 23 Sport therapy
4 Gait 4 ES antalgic 24 Magnetic stimulation
5 Balance 5 ES excitatory 25 Attentive input
6 Independence 6 ES sensorial 26 External sensorial input
7 Mobility 7 Ballistic exercises 27 Stretching
8 Pelvic floor 8 Bilateral exercises 28 Task oriented
9 wheelchair 9 Exercises with drugs 29 Neurophysiological approach
10 ROM 10 Feedback 30 Occupational therapy
11 Spasticity 11 FKT aspecific 31 Gait training
12 Sensitivity 12 Forced use 32 Wheelchair training
13 Strength 13 Hydrotherapy 33 Balance training
14 Oedema 14 Mental training 34 Relaxing training
15 Pain 15 Passive joint mob. 35 Sensibility training
16 Tremor 16 Motor relearning 36 Ultrasound
17 Fatigue 17 Repetitive movement 37 Vibration
18 Biologic P 18 Posture
19 Muscle activ P 19 Problem oriented w.m.
20 Cardioresp P 20 Cooling

Biologic P.: biological parameters; Muscle activ. P.: muscle activity parameters; Cardioresp. P.: cardiorespiratory parameters; Cardiovasc. training: 
cardiovascular training; Pneumatic compr.: pneumatic compression; ES: electrical stimulation; FKT: physiotherapy; Passive joint mob.: Passive 
joint mobilization; Problem oriented W. T.: Problem oriented willed movement;
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Figure 1.—�The table shows which pathologies are studied for each association between outcome (column) and intervention (line). 
The pathologies are indicated by grey boxes within the cells (from 0 to 4 for each cell), containing the initial letter of the studied pa-
thology. S: stroke; M: multiple sclerosis; C: spinal cord injury; P: Parkinson’s disease. Muscle a.p.: muscle activity parameters; Car-
dioresp. P.: cardiorespiratory parameters; ROM: range of motion; Upper l.: upper limb; Biologic. P.: biological parameter; Lower l.: 
lower limb; Cardio. fitness: cardiovascular fitness; P. compression: pneumatic compression; Exercise + drugs: exercises with drugs; 
Repet. movement: repetetive movement; POWT: problem oriented willed movement; M. strengthening: muscle strengthening; 
External sens. input: external sensorial input; Neurophys. a.: neurophysiological approach; Occup. therapy: occupational therapy.



MAIOCCHI EFFICACY STUDIES IN NEUROLOGICAL PHYSIOTHERAPY

32 iTALIAN JOURNAL OF PHYSIOTHERAPY March 2011

ies concerning the efficacy of neurological physi-
otherapy and the number of journals where these 
studies have been published. 

The average and the range of the number of 
studies and of their related journals were, respec-
tively: 4.4 (0-19) and 3.6 (0-14) from 1950 to 
1980; 41.1 (18-85) and 25.5 (14-43) from 1981 
to1990; 84.1 (51-145) and 46.1 (32-75) from 
1991 to 2000; 239 (162-356) and 98.2 (75-135) 
from 2001 to 2007 (Figure 2).

A different trend was observed for the vari-
ous publication types: case reports and reviews 
remained less than 20 studies per year until 
2006, reaching respectively 25 and 61 studies in 
2007. The highest number of publications were 
reached by controlled and uncontrolled trials 
which showed a similar trend: a slight increase 
until the early 90s (less than 20 studies per year), 
a moderate increase between 1993 and 1998 
(from 20 to 35 studies per year respectively), and 
a sharp increase from 1999 till 2007 (from 45 to 
110 studies per year respectively). 

The increase in the number of studies con-
cerned all pathology groups, but especially re-

220 and 350, respectively), they were grouped 
in categories according to similar content. So, 
20 outcomes and 37 treatments categories were 
identified (Table III). 

By reading the abstract two of the authors 
(SV, MS) selected the studies and assigned 
them to categories of outcome and rehabilita-
tion treatment. In case of disagreement a third 
author was consulted (EG). Once the classifica-
tion was completed (Figure 1), it was counted, 
for each treatment, how many objectives it was 
studied for in subjects suffering from different 
pathologies, in subjects suffering from the same 
pathology, and finally how many objectives it 
was never used for. Moreover we calculated the 
corresponding number of articles.

Results

Cataloguing 

From the bibliographic research more than 
21 500 studies were found. Considering the in-
clusion and exclusion criteria 3065 studies were 
selected for the cataloguing. The number of 
journals in which these articles were published 
was 589.

Among the 3 065 studies, 1 144 (38%) were 
uncontrolled trials, 944 (31%) trials with a con-
trol group, 259 (8%) case reports, 184 (6%) re-
views, 123 (4%) other, and 411 (13%) n.d. 

In 96.8% of the cases (2  969 articles) the 
studies considered subjects affected by the same 
pathology: brain pathologies (1  709 studies, 
55.7%), myelopathies (783, 25.5%), movement 
disorders (260, 8.4%), combined syndromes 
(202, 6.6%), cerebellar pathologies (15, 0.4%). 

In 2.3% of the cases (72 articles) subjects with 
different pathologies (mix group) were included 
and 24 studies (0.8 %) were n.d.. 

The most studied pathologies were stroke 
with 1 304 articles (42.5%), SCI with 644 arti-
cles (21%), PD with 230 (7.5%) and MS with 
175 (5,7%).

Literature trend and development 

Over the considered period, there has been a 
progressive increase of both the number of stud-
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Figure 2.—�The graph shows the trend through years of 
number of articles concerning the efficacy of the rehabilitation 
intervention in subjects with SNC lesions (dotted line), and 
the number of related journals (black line).
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A first observation can be made by looking at 
the outcomes: only 3 out of 20 were studied on 
a single pathology. In particular, the wheelchair 
outcome was studied in SCI , while the edema 
and sensibility outcomes was studied in stroke. 
The remaining 17 outcomes are common for 
several pathologies: 11 outcomes for 4 patholo-
gies, 3 outcomes for 3 pathologies and 3 out-
comes for 2 pathologies.

The observation of the 740 (37x20) possible 
associations among interventions and outcomes 
leads to an interesting remark: 174 of them are 
studied on a single pathology and 69 on more 
pathologies (43 times on 2 pathologies, 20 times 
on 3 pathologies, 6 times on 4 pathologies). The 
174 detected associations on a single pathology 
are studied in a total of 333 articles, whereas the 
69 associations applied on more than one pa-
thology are studied in 549 articles (that is the 
largest part of the considered studies:62.2%).

Discussion

The analysis of efficacy studies in neurological 
physiotherapy shows a gradual increase through 
years both in the number of published studies 
and in the number of journals in which they are 
published. This increase reveals that rehabilita-
tion is a growing science, as well as  other bio-
medical disciplines. 

The analysis of the experimental designs re-
veals a similarity between the number of con-
trolled and uncontrolled trials and this ratio 
does not change through years: the increase in 
the total number of publications does not match 
an increase in the percentage of controlled tri-
als, although these are more helpful to evaluate 
the efficacy of the therapeutic intervention. This 
finding could depend on the aforementioned dif-
ficulties to conduct a RCT in the rehabilitation 
area, as the difficulty to find financial resources, 
to enrol large samples or to define standard in-
terventions.2, 5-7

Another information which emerges from the 
cataloguing is that the research is concentrated on 
few pathological conditions: indeed, out of the 
3 065 selected articles, 1 304 considered stroke, 
644 SCI, 230 PD, 175 SM. This might depend 
on the relevance of these diseases for the health-

garded cerebral pathologies, which show a sharp-
ly increased from the late 90s: from 50 to 100 
studies in the period 1999-2002 rising from 100 
to 227 in the 2003-2007 period (Figure 3).

Classification

Among the 3  065 catalogued studies, 560 
controlled trials were conducted on subjects with 
stroke (322, 58%), SCI (114, 20%), PD (69, 
12%) and MS (55, 10%). The mean number of 
outcomes considered in each study was approxi-
mately 1.65 (range 1-6) and the mean number 
of treatments was 1.04 (range1-3). We remem-
ber, indeed, that each article could consider one 
or more treatment and outcome.

Figure 1 shows whether a treatment was stud-
ied for the same outcome for more than one dis-
ease. The figure shows the possible associations 
among the 20 outcomes and the 37 treatments, 
and points out how many pathologies, among the 
four considered, were studied for each association.
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Figure 3.—�The graph shows the trend through the years of the 
number of studies for each group of pathology: brain patholo-
gies (black thick line), myelopathies (dotted thick line), move-
ment disorders (dotted-point thick line), combined syndromes 
(black thin line), cerebellar pathologies (dotted-point thin 
line), mix (dotted thin line).
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fying whether the same rehabilitative treatments 
are used to obtain the same objectives in differ-
ent pathologies. 

From the analysis of the rehabilitation in-
terventions it can be observed that they can be 
placed in the  following categories: 1) exercis-
es aimed at improving motor functions (e.g.: 
balance training, wheelchair training, muscle 
strengthening); 2) use of exercise instruments 
like robotics or cycle, 3) neurophysiological 
based exercises (e.g.: facilitation techniques). 
A definition of neurological physiotherapy, as 
it emerges from the literature, might be the 
following: a discipline which aims at improv-
ing motor functions, when necessary using a 
variety of tools, following a physiological ra-
tionale. 

The fact that most of the outcomes (17 out of 
20) are studied on more pathologies, shows that 
different pathologies could cause the same mo-
tor disorder. The outcomes measured in only one 
disease were: wheelchair (studied in SCI), edema 
and sensibility (studied in stroke). Undoubtedly 
the first is especially relevant for subjects with 
SCI, whereas the other two may be important 
also in patients affected by other pathologies 
than stroke, such as MS or SCI. The finding 
that this outcome is measured only in the lit-
erature on stroke rehabilitation is likely due to 
the higher number of studies on stroke than on 
other pathologies.

Almost all the researches present in the medi-
cal literature were conducted on samples of sub-
jects affected by the same disease, but the results 
of our classification reveal that 69 times the 
same treatment was applied for the same objec-
tive in studies including participants with differ-
ent pathologies. This suggests that rehabilitation 
interventions often concentrate on the motor 
impairment and not on the specific features of 
the pathology. This finding becomes even more 
important if we do not consider the association 
between the outcome and the intervention but 
the total number of studies. Indeed, the studies 
dealing with the same intervention for the same 
outcome in different pathologies are more fre-
quent than those with treatment applied to only 
one disease.

Finally, it is interesting to observe that this 

care system due to both their high incidence 
and the presence of a potential for functional 
recovery . Stroke, the most studied disease in 
neurological physiotherapy literature, records 
an annual incidence rate of 1.5 per 1000, in-
creasing progressively with age.13 Among the 
myelopathies, myelolesions are the most stud-
ied , with an incidence range from 11.5 to 57.8 
cases per a million people 14, 15 according to the 
country. PD is a progressive and disabling de-
generative disorder. The rise in incidence and 
prevalence of the PD (related to growing eld-
erly population and reduction in other causes 
of mortality) and the limited efficacy of medi-
cal therapy, may explain the growing interest 
of neurological physiotherapy toward this pa-
thology. Both incidence and prevalence of PD 
increase with advancing age and go from 4.9 
to 23.8 per 100 000 (incidence) and from 31 
to 138 per 100  000 (prevalence).17 The com-
bined syndromes most studied is MS, that is 
the most common demyelinating pathology. Its 
prevalence, related to the latitude, is relatively 
high in Northern Europe, North America and 
Southern Australia (30-80 cases per 100 000), 
moderate in Southern Europe and in the USA 
(5-30 cases per 100 000), and low in Asia and 
Africa (less than 5 cases per 100 000).13

As in all other biomedical disciplines, almost 
all the studies (97.7%) included participants af-
fected by the same pathology. This procedure 
might have been selected for methodological 
reasons since considering a homogeneous group 
of subjects can reduce the selection bias.9 Fur-
thermore, this might be due to organisational 
reasons, as the healthcare services are usually 
branched into pathological areas. Finally, there 
might be a cultural reason: the target of medi-
cal and pharmaceutical interventions is the pa-
thology itself; as a consequence, in these fields 
clinical trials on single pathologies are usually 
conducted. We suggest that this model has been 
embraced by physical therapy researchers with-
out considering that rehabilitation focus on the 
motor impairment, that might be the same al-
though caused by different pathological condi-
tions.

The second part of this work presents the re-
sults of an analysis of the literature aimed at veri-
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tendency does not concern only a few outcomes, 
but almost all of them.

The main limits of the present study are re-
lated to the need to assemble the great number 
of assessment tools (about 220) and treatments 
(about 350) used in groups of outcomes and 
treatments. 

This implies that objectives or treatments also 
quite different could be included in a single cat-
egory. Furthermore, because of the originality 
of this study, no pre-existing classifications were 
available. The categories were reviewed several 
times by the authors during the research and 
four expert physiotherapists found an agreement 
based on their personal experience. 

Conclusions

The results of this study show a trend in neu-
rological physiotherapy literature: treatment is 
focussed on motor deficit even when trials en-
rol participants suffering from a specific disease. 
This fact could lead to a new way to approach 
scientific literature in neurological rehabilita-
tion, suggesting the need to correlate the find-
ings to the motor impairment rather than to the 
disease which caused it.

This consciousness could help clinicians to 
translate EBM into EBP, improving the number 
of available rehabilitative treatments.
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Dear	Editor,

In	the	1950s	at	least	10	my	articles,	written	in	collabora-
tion	with	students	of	the	newborn	Physiotherapy	school	of	
Milan,	 were	 published	 on	 scientific	 journals.	 This	 proves	
how	much	I	have	always	believed	in	the	need	for	physio-
therapists	to	be	involved	in	the	research.	Many	of	the	Reha-
bilitation	Medicine	pioneers	were	physiotherapists:	Guth-
rie	Smith,	Brunnstromm	(an	excellent	kinesiologist),	Berta	
Bobath,	 Knott	 and	Voss	 (Kabat	 method),	 Jaroslava	 Jarka	
(Vojta	method),	Feldenkreis	(he	also	was	a	physicist),	Mille	
Mézières,	Mc	Kenzie.

Later	on,	I	have	always	tried	to	involve	physiotherapists	
in	the	research.	This	became	easier	as	research	became	nec-
essary	 for	 centers	 engaged	 in	 physiopathology	 of	 motor	
function,	as	for	example	the	Don	Gnocchi	Bioengineering	
Center	of	Milan	or	the	Polytechnic	of	Milan.	I	like	to	un-
derline	that	data	acquisition	in	these	laboratories	has	always	
been	 handled	 by	 physiotherapists,	 that	 I	 thank	 for	 their	
precious	 help.	 Among	 the	 elected	 members	 of	 the	 SIA-
MOC	(Italian	Society	of	the	Clinical	Movement	Analysis),	
Scientific	Society	of	which	I	am	honorary	chairman,	there	
have	always	been	physiotherapists.	I	hope	that	one	of	these	
physiotherapists	will	soon	become	President	of	the	Society.	

For	 these	 reasons	 I	 appreciated	 and	 accepted	 the	 invi-
tation	 to	write	 on	 the	first	 issue	of	 the	 Italian	 Journal	 of	
Physiotherapy.	

I	have	always	believed	that	even	in	Rehabilitation	Medi-
cine	 the	 terms	 are	 decisive	 and	 a	 consensus	 on	 their	 sig-
nificance	is	necessary	for	the	affirmation	of	this	discipline.	
In	this	field	two	words	need	to	be	specified:	“science”	and	
“research”.	I	attended	elementary	and	middle	school	in	an	
atmosphere	of	 rivalry	between	 the	 two	cultures	 identified	
by	 Baron	 Snow,	 and	 I	 preferred	 humanities	 over	 science.	
For	 a	physician	of	 the	1950’s	 it	 seemed	more	 relevant	 to	
understand	the	many	terms	of	Greek	origin	rather	than	to	
know	the	Newton’s	laws.	For	example,	I	was	told	that	“the	
sciences”	do	not	exist,	there	is	only	one	science:	the	physics.	
Therefore,	it	was	not	difficult	for	me	to	believe	that	a	reha-
bilitation	 science	 does	 not	 exist.	 Rehabilitation	 Medicine	
is	a	discipline	based	on	other	scientific	disciplines,	such	as	

functional	 anatomy,	 physiology,	 biomechanics,	 neuropa-
thology,	the	study	of	behavior	and	so	on.	I	learned	that,	in	
this	discipline,	scientific	means	precise,	accurate,	systematic	
and	methodical.	In	other	words,	honest.	

With	regards	to	the	term	“research”,	I	remind	the	Luigi	
Tesio’s	presentation	held	in	Pavia	in	2007	during	a	meeting	
on	 the	 specificity	of	 the	 research	 in	Rehabilitation	Medi-
cine.	 He	 states	 that	 Rehabilitation	 Medicine	 differ	 from	
other	medical	disciplines.	 In	 fact,	 its	purpose	 is	primarily	
behavioral	and	some	factors	such	as	independence,	fatigue,	
and	risk	of	fall	cannot	be	extrapolated	from	the	convention-
al	physiochemical	measures.	Rehabilitation	Medicine	con-
cern	with	 the	phenomenon	and	not	with	 the	cause,	with	
taking	care	rather	than	healing.	It	seems	closer	to	other	spe-
cialties	 such	 as	Preventive	Medicine	 or	 disciplines	 related	
to	 the	patients’	age	 such	as	Pediatrics	and	Geriatrics.	The	
outcome,	the	result	perceived	by	the	patient,	is	evaluated	by	
item-response	questionnaires	rather	than	by	numeric	data.	

Moreover,	 counting	 is	 not	 measuring,	 and	 measuring	
does	not	implicate	a	decision.	For	a	patient	there	are	only	
two	possibilities:	either	an	event	occurs	or	it	does	not,	and	
we	can	measure	 this	probability.	The	question	 is	whether	
the	event	we	are	studying,	for	example	recovery,	is	due	to	
chance.	Many	variables,	related	to	the	person,	can	influence	
the	results	of	a	treatment.	These	variables	include	autono-
my,	pain,	balance,	quality	of	live,	manual	skills,	fatigue	and	
mental	retardation.	Moreover,	the	interactions	between	the	
therapist	and	the	patient	are	decisive	in	a	teaching-learning	
paradigm.	For	 an	old	post-stroke	patient	 it	 can	be	deter-
minant	to	meet	a	young	well	trained	physiotherapist,	even	
better	 if	 a	 young	 nice	 lady.	 The	 wise	 Milani	 Comparetti	
warned	 us:	 “do	 not	 give	 the	 child	 a	 therapy,	 give	 him	 a	
physiotherapist”.

The	intervention	program,	must	be	tailored	on	the	pa-
tients’	necessities	and	must	be	multi-component.	For	every	
single	patient	 there	 is	a	different	cocktail	of	 interventions	
that	 has	 to	 be	 prepared	 using	 reliable	 interventions.	 Fur-
ther,	it	has	to	be	centered	on	the	bee	with	the	aim	to	adjust	
the	estimates	of	the	means	to	the	person	(who	is	the	object	
of	our	interest):	the	beehive. I	like	to	think	that	the	beehive	
represents	 the	 patient’s	 physical	 and	 social	 environment,	

Physiotherapists	and	research
S.	BOCCARDI
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which	must	be	taken	in	great	consideration	when	a	reha-
bilitation	program	is	planned.

About	the	statistical	analysis,	it	is	important	to	remem-
ber	that	specific	variables,	specific	measuring	methods	and	
specific	statistical	techniques	are	requested.	Therefore,	spe-
cific	 experimental	 designs	 should	 also	 exist.	 Much	 of	 the	
published	work	concludes	with	expressions	 like:	 “In	 such	
patients	it	is	likely	that...”,	“We	seem	to	be	able	to	conclude	
..”,	“The	heterogeneity	of	the	results	...”,	“The	small	number	
of	cases	does	not	allow	us	to	conclude	...”,	“Further	inves-
tigation	is	necessary	...”.	Rarely	these	further	investigations	
are	then	carried	out.	

Thirty	years	ago	Cochrane	told	me	(I	was	the	President	
of	 the	 International	Rehabilitation	Medicine	Association)	
about	 the	 difficulty	 of	 demonstrating	 the	 effectiveness	 of	
most	rehabilitation	techniques.	On	the	other	hand,	it	has	
often	been	said	that	“‘until	these	therapies	are	sound-based,	
skepticism	and	criticism	are	 inevitable”	and	every	day	we	
have	to	face	others’	skepticism	and	criticism	and	our	own	
doubts.	

What	is	the	best	approach	to	strengthen	the	muscles	of	
a	subject	after	a	stroke?	In	this	case	is	a	measure	of	strength	
appropriate?	 Is	 it	 effective	 to	 restrain	 the	 healthy	 upper	
limb?	 Is	 it	 possible	 to	 increase	 the	 length	 of	 contracted	
hamstrings	by	stretching?	Is	there	a	difference	in	the	cardio-
vascular	responses	during	isotonic	and	isokinetic	exercises?	
I	fear	that	for	many	of	these	(and	many	others)	questions	
there	still	are	not	the	final	answers.

Moreover,	 how	 should	 exercise	 dosage	 be	 evaluated?	
This	is	a	fundamental	aspect	in	the	research	on	the	effective-
ness	of	a	therapy.	It	is	possible	to	measure	the	duration	of	a	
standard	session,	for	example	one	hour	four	times	a	week,	
but	it	is	less	easy	to	measure	the	intensity	and	the	duration	
of	an	individual	muscle	contraction	or	the	interference	of	
training	 and	 fatigue	on	 the	motor	 results.	And	 so	on	 for	
dozens	of	other	parameters.

Taken	these	difficulties	into	account,	we	must	not	“give	
up”	the	research.	

The	physiotherapists’	contribution	is	fundamental	in	or-
der	to:	verify	the	validity	of	the	theories	underlying	the	re-
habilitation	techniques,	select	and	apply	the	techniques	on	
a	large	and	homogeneous	sample	and	to	guarantee	a	correct	
management	of	the	treatments.	

In	the	time	that	is	left	to	me,	I	would	like	to	avoid	read-
ing	statements	like	‘the	sample	is	not	sufficient’	or	‘further	
research	is	needed’’.	In	this	case	it	is	better	not	to	publish,	
unless	the	singularity	of	the	cases	justifies	the	publication.

Multicenter	 studies	 which	 involve	 the	 collaboration	 of	
different	 teams	 have	 to	 be	 facilitated.	 In	 a	 recent	 and	 ac-
curate	meta-analysis	(Corbetta	D.	Eur	J	Rehab	Med,	2011)	
about	the	effectiveness	of	the	constraint	induced	movement	
therapy	for	upper	limb	recovery	after	stroke,	the	authors	un-
derline	the	need	of	methodologically	well-done	studies,	with	
adequate	sample	sizes.	In	particular,	the	authors	consider	that	
the	results	of	a	large	multicenter	study	is	more	reliable	than	
those	of	a	meta-analysis	conducted	on	many	small	studies.

The	physiotherapist	can	also	be	 involved	 in	the	choice	
of	the	evaluation	criteria,	for	example	in	selecting	the	most	
appropriate	and	reliable	measure.	Also	on	the	feasibility	and	
interest	in	the	use	of	new	instrumental	techniques	the	phys-
iotherapist	can	offer	expertise.	For	example,	as	already	men-
tioned,	in	the	evaluation	of	motion	analysis	techniques.

The	physiotherapist	is	the	practitioner	that	better	is	able	
to	appreciate,	not	only	 the	patient’s	 tolerance/compliance	
to	the	treatment,	but	also	the	treatment’s	ecological	effect.	
I	mean	what	the	patient	is	really	able	to	do	during	his	ev-
eryday	life.	

I	have	often	recalled	the	Popper	concept:	“also	a	small	
but	reliable	contribution	can	be	useful	for	the	advancement	
of	knowledge”.	

So,	get	busy.
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