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Early Mobilization for the Patient submitted to invasive Mechanical Ventilation

Abstract
Objective: to evaluate the effectiveness of an early joint mobilization program that includes the implementation of therapeutic exercises of joint mobilization to maintain or
improve the articular range of the person undergoing invasive mechanical ventilation
subject to long periods of immobility and bedrest.
Method: a quantitative, descriptive and cross-sectional pilot study, applied to people undergoing mechanical ventilation, with an accidental sample of three people. The manual
goniometry method was used to evaluate joint amplitude. Descriptive statistics were used
to analyze the results obtained.
Results: the maintenance or improvement of joint amplitude of all the joints selected for
the early joint mobilization program of all people included in the sample was conﬁrmed.
Conclusion: the effectiveness of the early joint mobilization program for the person submitted to invasive mechanical ventilation is demonstrated. It was concluded that the
joint mobilization therapeutic exercises contribute to the prevention of joint contractures associated with immobility and prolonged rest in the bed of the person undergoing mechanical ventilation. However, due to the small sample size, further studies are
suggested to conﬁrm the effectiveness of these interventions in this population.
Keywords: Rehabilitation Nursing; early mobilization; mechanical ventilation.

Introduction
In the last decades there has been a signiﬁcant increase in the number of people admitted to intensive care units in Portugal (1) . The vast majority of these people experience a
critical situation of greater or lesser criticality, with frequent and severe instability,
which requires surveillance, monitoring and intensive treatment, evidencing invasive
mechanical ventilation as one of the most frequently used treatment modalities. Thanks
to the latest technological and scientiﬁc advances in the ﬁeld of intensive medicine, especially in improving the capacity to support vital functions and increasing the effectiveness of new treatments, there is an increase in survival in this population (1,2) , even
in people in critical situations with high complexity pathological situations (3) . Nevertheless, after the experience of invasive mechanical ventilation, especially when accompanied by prolonged rest periods in the bed and of circumstantial or induced immobility,
an increase in the physical and psychological morbidity in this population is recognized(4-6).
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The negative effects of bed rest and immobility for motor function are well documented, especially for the musculoskeletal system, with some authors pointing to the beginning of the development of pathophysiological mechanisms that lead to a decrease in
joint amplitude of the person in a critical situation in the ﬁrst four days of immobility,
in the context of admission to an intensive care unit (7-9) . In a review article that sought
to understand the impact of prolonged bed rest on the musculoskeletal system in critically ill people, the authors concluded that bedrest, when associated with immobility,
induces rapid muscle and bone density loss and other adverse effects such as decreased
joint amplitude in the ﬁrst week of intensive care hospitalization (2) . In general, the reduction of joint amplitude is advocated as a consequence of immobility during the ﬁrst
two weeks after admission to intensive care (10,11) . However, for a number of reasons, it is
still permissible for the person undergoing invasive mechanical ventilation to be subjected to long periods of immobility (3,6,7,12) .
Joint contractures, a term often used to describe the decrease in joint amplitude of the
movable joints, are a common adverse effect of prolonged bed rest and immobility, which
may result from decreased joint extensibility and/or increased tissue stiffness that constitute it, such as periarticular structures or muscles (10,13) . The person undergoing invasive mechanical ventilation, subject to prolonged rest periods in the bed and immobility,
is predisposed to decrease the amplitude of their joints, especially of the mobile joints (10) .
However, in addition to the deleterious effects to the musculoskeletal system associated
with the development of joint contractures in critically ill people, such as motor function changes, some studies point to an increase in mortality associated with the development of joint contractures in this population (14) . The most vulnerable joints for the
development of contractures in the critically ill person undergoing invasive mechanical
ventilation are the shoulder, hip, knee and ankle joints (8) .
Rehabilitation is a multidisciplinary specialty aimed at improving functional potential,
promoting independence and maximizing a person's satisfaction and self-esteem, with
acute or chronic illness (15) . The specialist nurse in rehabilitation nursing is a professional endowed with skills that enable the design, implementation, monitoring and evaluation of differentiated rehabilitation nursing plans, namely in the area of motor functional reeducation (15) . Thanks to this body of knowledge and speciﬁc procedures, the
specialist nurse in rehabilitation nursing can develop their interventions in most of the
contexts of care practice, namely in intensive care units, and implement them in people
in critical situations submitted to invasive mechanical ventilation and subjected to prolonged bedrest periods, with risk of impaired motor functionalities (15) .
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Objective
To evaluate the effectiveness of a precocious joint mobilization program, which includes
the implementation of therapeutic joint mobilization exercises, to maintain or improve
the articular range of the person undergoing invasive mechanical ventilation subject to
long periods of immobility and bedrest.

Method
A pilot study involving the use of a quantitative, descriptive and cross-sectional case
study methodology carried out in a Multipurpose Intensive Care Unit of a health institution in the south of Portugal between November 2016 and January 2017.
The sample included individuals submitted to invasive mechanical ventilation and subjected to long periods of immobility and bedrest. The following inclusion criteria were
used to integrate this sample: invasive mechanical ventilation for a minimum period of
fourteen days; length of hospitalization that enables the implementation of an early articulation mobilization program by a nurse specialist in rehabilitation nursing from the
ﬁrst forty-eight hours after admission up to fourteen days of hospitalization.
An accidental sample was used that, in light of the eight-week temporal limitations for
the development of this project, and of meeting the inclusion criteria, it includes only
three people. The sample is made up of two female and one male person, aged between
forty-eight and seventy-ﬁve years of age. All participants were submitted to invasive mechanical ventilation from the ﬁrst forty-eight hours after admission to intensive care
until the 14 days of hospitalization.
The early joint mobilization program involved the implementation of joint mobilization
exercises from the ﬁrst forty-eight hours until two weeks of admission (fourteen days of
hospitalization) and included the following procedures:
1 .Evaluation of the person focused on the following parameters: assessment of the
state of consciousness; assessment of vital parameters; assessment of the sedationagitation level; evaluation of the range of neck movements, shoulder, elbow, wrist,
hip, knee and ankle joints, in all possible amplitudes, prior to the implementation
of the joint mobilization program.
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2 .Joint mobilization program consisting of the early implementation of joint mobilization therapeutic exercises (passive mobilization exercises, active mobilization
exercises and active-assisted mobilization exercises) in the selected joints. During
the implementation of the program the number of exercises in each joint movement was gradually increased, from a series of eight mobilizations to the three series of twelve mobilizations.
3 .Assessment of articular joint range in all possible ranges, after the implementation
of the joint mobilization program.
The instruments used were the Glasgow Coma Scale, the Richmond Agitation and Sedation Scale, for assessing the state of consciousness and the level of sedation-agitation,
and the manual goniometry for joint amplitude assessment.
In order to assess joint amplitude, an instrument was used to record the data obtained,
which was submitted to two judges. They examined the data collection instrument and
evaluated whether each item reported to the domain under study. The opinions were
convergent and both considered that the items to assess articular amplitude applied in
full to the content under study (16) , from which it was concluded that this instrument offered guarantees, in terms of content validity.
The obtained data was recorded in tables and analyzed using descriptive statistics to obtain the difference between the joint amplitude evaluated before the implementation of
the early joint mobilization and the joint amplitude program, evaluated after the implementation of the program. Prior to the completion of this study, efforts were made with
the institution and participants and their families to ensure respect for ethical principles. In this sense, the Board of Directors of the health institution involved was asked
for authorization, as well as the opinion of the ethics committee of the University of
Évora, in the area of health and well-being approved and whose document is registered
with number 17004. For in addition, the participants or their relatives, having been
duly informed and given conﬁdentiality and anonymity, have signed a declaration of informed consent in accordance with the provisions of the Declaration of Helsinki and
the Oviedo Convention.
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Results
At the end of the study, the complete implementation of the early joint mobilization
program was conﬁrmed for the selected sample, which corresponded to a total of fortyone sessions of the early joint mobilization program.
The articular range evaluation of the therapeutic exercise's target articulations of articular mobilization, before and after the daily realization of the early articular mobilization program, made the comparison of the results of the joint amplitude evaluation of
each joint possible, in each person after the development of the program. This comparison of results enabled conﬁrming the maintenance or improvement of joint amplitude
in all possible joint movements of all the selected joints for the program, and there was
no decrease in amplitude in any of the joint movements.
During the study, there were some difﬁculties in assessing joint amplitude and in the
implementation of joint mobilization therapeutic exercises in some joint movements,
namely:
1 .Person 1: neck (extension);
2 .Person 2: neck (extension), right shoulder (extension), left shoulder (extension),
right hip (ﬂexion, extension, adduction, adduction, medial rotation, lateral rotation), right knee (ﬂexion, extension);
3 .Person 3: neck (ﬂexion, extension, right axial rotation, left axial rotation, right tilt,
left tilt), right hip (extension).
These difﬁculties, justiﬁed by safety precautions, were needed by the clinical condition
of the persons included in the sample.
The joint mobilization therapeutic exercises that were implemented in the three individuals included in the sample only included passive mobilization exercises. The selection of this type of exercises was made due to the integration capacity of the person in
the early joint mobilization program, which in all subjects included in the study, conﬁrmed the need to implement exercises in which the movement is produced solely by an
external force, in this case by the specialist nurse in rehabilitation nursing, and in which
the movement is restricted to the range of movements. This integration capacity was
evaluated using the Glasgow Coma Scale for assessing the level of consciousness and
the Richmond Agitation and Sedation Scale for assessing the level of sedation and restlessness. At the start of the program the female participants presented the lowest levels of
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consciousness and sedation and restlessness, and the male participant, although presenting adequate levels of consciousness and sedation and restlessness, presented a change
in the motor function which made it impossible for the autonomous execution of therapeutic exercises.
During the implementation of the joint mobilization therapeutic exercise's sessions, the
gradual increase of the number of exercises was carried out, that is to say, a series of
eight mobilizations up to three series of twelve mobilizations.
The time required for the implementation of the motor functional re-education program
ranged from sixty to ninety minutes, which corresponded to an average time of approximately seventy-seven minutes.
In all early joint mobilization sessions implemented during the study, the only adverse
event identiﬁed was the change in arterial curve morphology during the implementation of exercises in the wrist joint, the joint closest to the arterial catheter insertion site.
It should be noted, however, that this adverse event was always self-limiting, since
whenever the wrist mobilizations were suspended, the arterial curve recovered its normal morphology.

Discussion
With this study, it was possible to conﬁrm that in all the study's participants the maintenance or increase of the amplitude in all the possible joint movements for the target
joints was veriﬁed. It should be noted that, in most joints, joint amplitude increased. The
only two joint movements in which joint amplitude was maintained were the elongation
movements of the elbow and knee joints, which in all evaluations presented an amplitude equal to the maximum articular amplitude described for these articular amplitudes,
considering a range maximum for elbow extension of 150 degrees and maximum amplitude for knee extension from zero to -5 degrees (17) .
The results obtained with this study are in line with the results of other studies and demonstrate that rehabilitation and therapeutic exercises of joint mobilization prevent the
installation of joint contractures (7,18,19) , that is, maintain or improve the articular amplitude of the person submitted to invasive mechanical ventilation, directly contributing
to the prevention of the deleterious effects of prolonged immobility and prolonged bedrest (13,18,20) .
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As with other authors, because of the absence of adverse events, the results obtained in
this study conﬁrm that the implementation of the joint mobilization therapeutic exercises, by the specialist nurse in rehabilitation nursing, to the person undergoing invasive mechanical ventilation is a feasible and safe intervention (1,5,6,13,20-24) .
The accomplishment of this study certiﬁes that the early rehabilitation of the person
submitted to invasive mechanical ventilation, immediately after the beginning of this
ventilator support, improves the results (4,12) and conﬁrms that passive mobilization exercises contribute to the reduction and prevention of complications associated with immobility, especially adhesions or joint contractures, maintaining the mobility of the mobile
joints (18,19) . However, despite the results obtained with this study, considering the conclusions of some recent publications, which conclude that the evidence of the beneﬁts
of passive mobilization exercises for the prevention of joint contractures is unclear (13,25) ,
it is suggested that one carries out further investigations proving the efﬁcacy of these
interventions for the maintenance or improvement of the joint range, namely of the person undergoing invasive mechanical ventilation subject to prolonged periods of immobility and bedrest.

Conclusions
This study conﬁrms the effectiveness of the early joint mobilization program for the
person undergoing invasive mechanical ventilation. However, this study also certiﬁes
that the early implementation of joint mobilization therapeutic exercises is an achievable and beneﬁcial intervention that contributes directly to the prevention of complications associated with immobility and prolonged bedrest, namely to prevent the reduction of joint amplitude.
It is assumed that the consistency of the results obtained is limited, given the limitations of the study, namely the temporal conditioning that led to a reduced sample, with
implications on the external validity of the study. It is suggested that one carries out
further studies on the implementation of joint mobilization therapeutic exercises to the
person undergoing invasive mechanical ventilation, not only to evaluate the effectiveness of the implementation of these interventions to prevent the reduction of joint amplitude, but also to recognize the duration, intensity and frequency with which these
interventions should be implemented in this speciﬁc population.
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