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Abstract

Background/Objectives: Clinical reasoning is an essential competency for all healthcare
practitioners, particularly in the context of neurological rehabilitation, where patient management is
complex and multifactorial. This paper proposes a unified framework for clinical reasoning in
neurological physiotherapy, integrating the aspects of physical function with the World Health
Organization’s International Classification of Functioning, Disability, and Health (ICF). Methods:
The proposed framework incorporates a biopsychosocial approach, focusing on a patient-centred and
goal-oriented methodology that allows for a comprehensive evaluation of the patient’s needs across
multiple domains, including body functions, activities, and participation. By integrating clinical
reasoning theories from various disciplines, this framework seeks to enhance the decision-making
process and improve communication among healthcare professionals. Results: The model provides
a systematic approach to assessing and addressing deficits in motor control, sensory functions, and
other aspects of neurological rehabilitation. This work highlights the importance of interdisciplinary
collaboration and emphasizes the role of physiotherapists in managing neurological impairments.
Conclusions: The Biopsychosocial Reasoning Approach In Neurophysiotherapy (BRAIN)
framework aims to improve functional outcomes by offering a more adaptable, multidisciplinary,
and evidence-based approach to clinical reasoning in neurological physiotherapy.

Keywords: clinical reasoning; neurological rehabilitation; physiotherapy; ICF; biopsychosocial
model; motor control; BRAIN framework

1. Introduction

Clinical reasoning is often regarded as the backbone of clinical practice [1]. Several authors have
described it as a multidimensional construct, emphasizing its complexity and integration of various
domains [2]. It is considered one of the essential competencies for healthcare professionals and has
been extensively studied by different healthcare professionals [2,3]. Its definition changes based on
the discipline, being more focused on diagnosis when adopted by physicians or on the decision-
making process when used by psychologists, physiotherapists or occupational therapists [4].
However, clinical reasoning can be defined as “the mental process that happens when a healthcare
professional encounters a patient and is expected to draw a conclusion about (a) the nature and
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possible causes of complaints or abnormal conditions of the patient, (b) a likely diagnosis, and (c)
patient management actions to be taken” [5].

The clinical reasoning process encompasses a variety of interacting factors, including the patient,
the clinician, and the clinical environment. It can generally be categorized into two primary types:
inductive (or forward) reasoning and deductive (or backwards) reasoning [6,7]. Inductive reasoning
comprises two subsystems: the first relies on pattern recognition, predominantly driven by the
clinician’s expertise and experiential knowledge; the second involves a slower, more effortful
analytical thinking process [8]. These two systems lie on a cognitive continuum, ranging from
immediate, intuitive recognition to deliberate and prolonged analytical reasoning [8,9]. Conversely,
deductive clinical reasoning involves constructing a mental model, or a set of models, derived from
general knowledge, established theoretical principles, and clinical guidelines. These models are used
to generate hypotheses regarding the patient’s presentation and possible outcomes. Clinicians then
systematically evaluate these hypotheses by collecting and analyzing evidence to confirm or refute
them. When no disconfirming evidence is found during clinical assessment, the initial mental models
are reinforced, thereby supporting valid clinical conclusions and facilitating sound clinical decision-
making [10].

Clinical reasoning is an essential competency for physiotherapists. It must be an ongoing process
that evolves along the continuum of the patient’s rehabilitation, carried out in a multidisciplinary
manner, integrating cognitive, psychomotor and affective skills [4,11]. When focusing on neurologic
physiotherapy, we can observe an evolution in the decision-making process, from initial theories that,
from a neurophysiological point of view, aimed to achieve better rehabilitation outcomes based on
personal experiences [12], to more scientific approaches within the biopsychosocial model [13,14].

However, these last clinical reasoning models are not fully explained and have not yet been
applied in clinical settings, as they are not adapted to physiotherapy and most of them are derived
from Neurodevelopmental Therapies (NDT) [15], which have failed to demonstrate their efficacy in
improving functional outcomes in people with neurological deficits [16,17]. The primary aim of this
study is to present an updated and operational model of clinical reasoning specific to neurological
physiotherapy, which facilitates decision-making, improves interdisciplinary communication, and
optimizes patients’ functional outcomes.

2. Foundations and Development of Clinical Reasoning Models in
Physiotherapy

In 1970, Brunnstrom published her book “Movement Therapy in Hemiplegia: A
Neurophysiological Approach”, basing her hypotheses on experiments carried out on animals at the
beginning of the 20th century [18]. These studies provide the fundamental bases for recovery after
brain damage, where authors such as Sherrington began to observe the phenotypes of spasticity
based on the location and severity of the lesion [19-21].

The fundamental scientific principle behind Brunnstrom’s therapeutic approach is that the
synergies observed in patients are essentially the same as the stereotypical reflexes found in healthy
individuals [22]. However, due to the stroke, these reflexes are no longer regulated by higher centers,
leading Brunnstrom to view the CNS as reverting to an earlier developmental stage [22]. Similar to
Twitchell, Brunnstrom emphasizes spasticity as a key feature of the paresis phenotype, without
differentiating between hypertonia and hyperreflexia at rest and the synergies observed during
movement [22]. Based on this premise, she argues that spasticity must be resolved before normal
movement can be restored; however, several authors have questioned this statement [22,23]. Different
studies also suggest that physiotherapy has little to no effect on spasticity with various treatments or
approaches; however, that is a debated topic with mixed evidence [24-26].

Aligned with this perspective, NDT emerged, with the Bobath concept being particularly
prominent among them. This concept is currently defined as a problem-solving framework for
assessing and treating individuals with impairments in function, movement, and muscle tone
resulting from central nervous system lesions, utilizing key points of handling and reflex patterns to
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facilitate the performance of specific movements and exercises [27,28]. Since its inception, this
approach has been characterized as complex, multidimensional, and response-based to the
individual, focusing on “how” a task is completed avoiding compensatory movements [29].

Therefore, the clinical reasoning behind the Bobath concept is based on neurophysiological
grounds that aim to achieve ‘normal movement’ in individuals with brain damage through the
facilitation of movement to enhance motor learning [30]. Therefore, motor control is the main axis of
the reasoning, understood as the continuous interaction between the individual, the task, and the
environment, looking for movement through the motor, cognitive, and sensory systems, with special
emphasis on the latter [31,32]. Its lack of reproducibility, due to the absence of a clearly defined
framework, has supposed a significant barrier to its definition and research [15,30]. Moreover, recent
evidence does not support its implementation in clinical settings due to its lack of effectiveness and
because its theoretical foundations contradict the latest trends in motor learning and recovery for
patients with neurological deficits [33]. Current approaches emphasize increasing the dose and
intensity of treatments while allowing patients to experience some errors, thereby facilitating the
acquisition of competencies needed to achieve greater functionality and independence [33-36].

In 2001, the International Classification of Functioning, Disability and Health (ICF) was
approved by the World Health Organization, following a global collaboration that provided a
comprehensive conceptualization of disability [37,38]. ICF was a step forward in decision-making
based on the biopsychosocial model in physiotherapy [39,40]. The ICF model classifies disability
based on health status, considered as the disease or disorders that affect the patient, body functions
and body structures; which refers to the physiological functions of body systems (including
psychological functions) for the first term and anatomical parts of the body such as organs, limbs and
their components for the lasts, activity; ability to complete an action or a task and participation, which
implies patient’s involvement in social situations [22,38] (Figure 1), emphasizing activity and
participation as the core concepts of rehabilitation [41].

‘ HEALTH CONDITION ’

E

| ! |
BODY FUNCTION AND I ‘
‘ STRUCTURES ACTIVITY H PARTICIPATION ’

EXTERNAL FACTORS PERSONAL FACTORS

Figure 1. International Classification of Functioning.

This tool has promoted the use of a common language among professionals in the field of
neurological rehabilitation. In this area, collaborative work across disciplines (multidisciplinary,
interdisciplinary, or transdisciplinary) is particularly important due to the complexity of the patients
[13,33]. Thus, ICF was introduced as a significant element of clinical reasoning in neurological
rehabilitation, thereby giving rise to the patient-centred approach [42].

To focus therapy on the patient, goal-oriented approaches have emerged. Goal planning is the
collaborative process in which a healthcare professional and the service user define and commit to
achieving a specific behavioral objective within a set timeframe [43]. This approach leads to SMART
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objectives, which consider that the goals set with patients must be “specific”, “measurable”,
“achievable/attainable”, “realistic/relevant”, and “timed” [44]. To quantify these objectives and
transfer this methodology to the research, the Goal Attainment Scale (GAS) was developed [45]. GAS
establishes a 5-point Likert scale to assess the achievement of the proposed objectives with the patient,
where 0 represents the expected outcome after intervention, +1 represents a +2 represents a much
greater than expected outcome, -1 represents a less than expected outcome, and -2 represents a much
less than expected outcome [46].

Furthermore, the American Physical Therapy Association (APTA) developed a physiotherapy
practice guideline in 1995 [47], setting out the principles that must be integrated into a model of
clinical reasoning specifically oriented to physiotherapy and physiotherapists [48]. The classical
APTA clinical reasoning proposal encompasses patient management based on the following stages:
examination, evaluation, diagnosis, prognosis, intervention, and outcomes (Figure 2) [49]. Within this
model, the examination comprises the assessment of different spheres related to the patient’s
disability in order to approach the multidimensional aspects of physical function mentioned by
Kisner and Colby [50]: neuromuscular control/coordination; muscle performance;
cardiopulmonary/endurance; mobility/flexibility; balance/postural equilibrium; stability, (Figure 3)
[49].

‘ EXAMINATION ’

!

‘ EVALUATION |

PROGNOSIS

INTERVENTION

OUTCOMES

Figure 2. Patient managing stages by American Physical Therapy Association.
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Figure 3. Interrelated aspects of function.

3. Actual Framework for Clinical Reasoning in Physiotherapy

The clinical reasoning approach presented in this article aims to unify the classical model of
clinical reasoning in physiotherapy promoted by the APTA [49] and WHO decision-making models
driven by the ICF [38], adapting them to neurological physiotherapy by incorporating the interrelated
aspects of function mentioned by Kisner and Colby [50]. To propose a useful clinical reasoning model
applicable to this branch of physiotherapy, it is essential to incorporate the function model within the
ICF, so that physiotherapy is included as one of the health professions involved in the
multidisciplinary rehabilitation approach for neurological patients.

According to this paradigm, the interrelated aspects of function (Figure 3) should be assessed
during the examination phase of the classical model and must be included in the ‘body function’
section of the ICF, which refers to deficits in the physiological functions of body systems. This implies
modifying the ICF classical scheme, following its own separation of sections that is reflected within
itself, and adapting it to our proposal, as shown in Figure 4.

It is essential to emphasize that the classical model refers to the “neuromusculoskeletal and
movement-related functions.” Therefore, the remaining health professionals should assess the
patient’s deficits in all other categories belonging to the body functions section (i.e., mental functions,
voice and speech functions). Due to the competences of physiotherapists, it may be of interest to carry
out an adaptation of the classical model proposed by Kisner and Colby, including sensory functions
within it, and changing neuromuscular coordination to motor control what will be discussed below,
thus obtaining the modified model of Kisner and Colby adapted to neurophysiotherapy reflected in
Figure 5.
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Figure 4. Multidimensional aspects of physical functions integrated into body functions section of ICF and

adapted to patients with neurological conditions.
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Figure 5. Modified ICF scheme.

Considering this approach, the physiotherapist must conduct a neurological examination by
assessing the proposed domains. Muscle performance, defined as the capacity of muscle to produce
tension and do physical work, integrating strength, power, and muscular endurance [49,50], should
be assessed through a muscle balance scale or by using a dynamometer [51,52];
cardiopulmonary/endurance, that refers to the process of oxygen intake, oxygen consumption and
energy conversion [53], must be assessed with submaximal exercise test such as submaximal
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treadmill test or submaximal cycle ergometer test, obtaining a value of VO2max [54];
mobility/flexibility, that comprehends the ability of the patient to get full range of motion on his joints
due to the influence of muscle, tendons and bones, and it's measured with a goniometer or electro
goniometer [55-57]. It is important to note that in neurological patients, hyperresistance would be
included in mobility/flexibility, being essential to distinguish between the types of hyperresistance
that may be present in the neurological patient, neural hyperresistance (spasticity or spastic dystonia
[58]), and non-neural hyperresistance [59]. Furthermore, the presence of hyperresistance can have an
impact on other body function domains such as strength or balance [60,61]. Balance, known as the
ability, to distribute the body mass during functions [62], must be assessed by an optimal
posturography [63]; stability, defined as the state of a joint remaining or promptly returning to proper
alignment through an equalization of forces [64], could be assessed through different orthopedic tests
[65,66]. Sensory functions are related to the functions of the senses, which, in physiotherapy, would
be related to proprioceptive function, touch function, and pain sensation [38]. According to our
approach, proprioceptive function could be measured through the Fugl-Meyer Assessment
proprioception subscale, which involves a leg/arm movement mirror-matching test [67,68], while
touch function must be measured with Semmes-Weinstein monofilaments to assess the mechanical
detection threshold [69]. Sensory components of pain, on the other hand, could be assessed through
pain detection threshold, that can include both thermal and mechanical thresholds, as well as the
intensity of pain, which can be measured using a visual analogue scale [70,71]. However, if pain is
the main problem or limits a patient’s participation, it must be continually assessed through an
anamnesis of the pain, a classification of the pathophysiological mechanisms of pain, and an
evaluation of the contributing factors from a biopsychosocial perspective [72].

Finally, before discussing neuromuscular control/coordination, it is important to note that
Kisner and Colby define it as “the interaction of the sensory and motor systems that enables
synergists, agonists and antagonists, as well as stabilizers and neutralizers to anticipate or respond
to proprioceptive and kinesthetic information and, subsequently, to work in the correct sequence to
create coordinated movement” [50,73]. Neuromuscular control/coordination is also referred to by
different terms in the literature, particularly in neurology-related articles, which often use the term
“motor control” [74]. Other definitions of motor control describe it as “how the nervous system
interacts with other body parts and the environment to produce purposeful, coordinated actions”
[75]. This perspective emphasizes that, following the ideation of an action, the final movement results
from a decision-making process involving sensorimotor and cognitive areas, which is in line with the
earlier statement about neuromuscular control/coordination [76]. However, according to that
definition, motor control should be allocated in the “activity” section of the ICF.

To establish a more specific clinical reasoning for patients with neurological impairment, the
term ‘motor control” should be included in the section “body functions” and should be defined as
“the ability to move a single joint isolated”. This definition aligns with the pathological sign that
occurs due to brain damage and suggests that individuals with central nervous system disorders
often move with synergies [77,78]. The term “synergy” refers to either systematic
coupling/coarticulation across different joints or to a fixed pattern of coactivation of muscles related
to the time domain of the activity due to an injury in the corticospinal tract and a possible
hyperexcitability of the reticulospinal tract, and an activation of the non-damaged corticospinal tract
[79-81]. Therefore, considering this definition, motor control could be assessed using the Fugl-Meyer
scale, although kinematics and muscle activations could also be used for testing it [22,82,83].

On the other hand, physiotherapy should specifically assess the domain d4 mobility of ICF.
Other domains must be evaluated in different areas, such as neuropsychology, occupational therapy,
and speech therapy, working together with a transdisciplinary, multidisciplinary, or interdisciplinary
methodology to have a significant impact on patients’ lives. People with neurological deficits
represent a highly heterogeneous group, making the assessment of their functional capacity crucial
for classifying their ability to perform various activities [84-87]. Functional Ambulation Category
(FAC), enables clinicians to classify patients in six different categories based on how they are able to
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walk; 0, nonfunctional ambulator, the patient is not able to walk at all or needs the help of two
therapists; 1, ambulator dependent on physical assistance (level II), the patient requires continuous
manual contact to support body weight as well as to maintain balance or to assist coordination; 2,
ambulator dependent on physical assistance (level I), the patient requires intermittent or continuous
light touch to assist balance or coordination; 3, ambulator, dependent on supervision, the patient can
ambulate on lever surface without manual contact of another person but requires standby guarding
of one person either for safety or for verbal cueing; 4, ambulator, independent, lever surface only, the
patient can ambulate independently on lever surface but requires supervision to negotiate (e.g. stairs,
inclines, nonlevel surfaces); 5, ambulator, independent, the patient can walk everywhere
independently, including stairs [88,89]. Thus, the selection of tests to assess the patient’s activity
depends on the patient’s functional capacity and must be conducted according to the
recommendations made by the APTA and the Academy of Neurologic Physical Therapy [90] as
reflected in Figure 6. Following this guideline recommendations, activities assessed by the
physiotherapist are: balance during functional activities (Berg Balance Scale) [91-94]; walking balance
(Functional Gait Assessment) [93,95]; balance confidence (Activities-specific Balance Confidence
Scale) [96-98]; walking speed (10 Meter Walk Test) [99]; walking distance (6 Minutes Walking Test)
[100-102]; and transfers (5 Times Sit-to-Stand) [103].

)
* FAC 4
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=

||J =

Figure 6. Activity assessments related to gait.
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It's important to note that this classification system is considered for lower limb activities, so
other assessments must be applied to evaluate upper limb activity. Instruments like the Action
Research Arm Test [104,105], the Box and Block Test [106,107] or the Nine-Hole Peg Test [108-110],
are indicated for assessing upper limb activity in patients with neurologic deficits, as long as their
functional capabilities allow for the administration of the test.

Finally, participation is usually assessed through questionnaires like Stroke Impact Scale [111]
or Canadian Occupational Performance Measure [112], but other scales can be used for assessing the
perceived participation of the patient in different activities of daily living such as the Motor Activity
Log by its Amount of Use subscale, both in its upper and lower limb versions [113].

Making this decision-making process evaluation provides the physical therapist with a clear
picture of the patient’s deficits. However, neurologic patients’ management is complex, and it’s
nearly impossible to approach all these deficits at the same time without losing the effectiveness of
the treatment. That's the reason why this framework makes much more sense within the
biopsychosocial paradigm and goal-oriented approach. Therefore, the decision-making process must
initially be based on an analysis of the patient’s deficits in body functions, activities and participation
in a general context, to subsequently select the body functions that prevent the patient from achieving
their goal based on their impairments in activities. This requires adapting the classical APTA model
to suit the specific needs of physiotherapists treating patients with neurological impairments.

Thus, carrying out the first clinical reasoning, potential deficits could be identified that need to
be addressed at an early stage, even if they do not interfere with the objective, in order to reduce
secondary complications that may arise. However, if these deficits do not imply a long-term issue,
the physiotherapist should focus on addressing the problems that prevent the patient from achieving
their goals to improve their participation and quality of life [43].

The Biopsychosocial Reasoning Approach In Neurophysiotherapy (BRAIN) framework
provides a structured, multidimensional model for clinical reasoning in neurophysiotherapy.
Grounded in the biopsychosocial paradigm, this approach integrates the ICF, a modified clinical
decision-making process proposed by the APTA, and the interrelated physical function domains
described by Kisner and Colby, adapted for neurophysiotherapy. Its goal-oriented structure
enhances patient-centred care, supporting physiotherapists in making consistent, evidence-based
decisions throughout the neurological rehabilitation process, as is reflected in Figure 7.

While other concepts have attempted to incorporate similar frameworks that are related to the
biopsychosocial model [114], the lack of effectiveness of this paradigm involves a gap in the literature
that needs to be filled to improve the effectiveness of physiotherapy treatments in care facilities.

[—

Figure 7. Biopsychosocial Reasoning Approach in Neurophysiotherapy (BRAIN) framework.
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4. Limitations

Although the proposed framework offers a comprehensive approach to clinical reasoning in
neurological physiotherapy, several limitations must be considered. Firstly, the integration of the
Kisner and Colby aspects of physical function and the ICF framework may require significant
adaptation for use in diverse clinical settings, particularly in regions with varying healthcare
infrastructures or limited access to resources. The application of the framework could be challenging
in settings where multidisciplinary collaboration is less established, and physiotherapists may have
limited interaction with other healthcare professionals, despite it being mandatory to include this
type of approach in neurological patient management.

Additionally, it is important to note that the proposed model is theoretical and conceptual in
nature. Although it is based on a comprehensive review of the scientific literature and previously
validated frameworks such as the ICF, the classical APTA model and the interrelated aspects of
physical function according to Kisner and Colby, it has not yet undergone a systematic process of
empirical validation. Therefore, although it offers a coherent structure aligned with current trends in
neurological rehabilitation, its practical applicability may vary depending on the clinical context and
the degree of training of the professionals.

Likewise, it is recognized that studies are needed to validate and refine this model. In this sense,
future research could include the application of consensus methods such as the Delphi technique
with experts in neurological physical therapy, as well as pilot studies of progressive implementation
in real clinical settings. These strategies would not only make it possible to assess the feasibility and
acceptance of the model in clinical practice, but also to optimize its structure and operationalization
according to the needs detected in interdisciplinary work.

Further empirical studies and clinical trials are needed to validate the framework’s effectiveness
and its potential impact on neurological rehabilitation outcomes across different patient populations
and healthcare settings.

On the other hand, all figures included in this manuscript have been designed using the viridis
color palette, a perceptually uniform scale that optimizes visual accessibility. This palette has several
advantages over other traditional scales, as it maintains a progressive luminance and is suitable for
people with color vision deficiencies, including color blindness [109]. Its use has been recommended
in scientific visualization to enhance interpretive clarity, particularly in academic or clinical contexts
where visual accuracy is crucial.

5. Conclusions

In conclusion, this work presents a comprehensive framework for clinical reasoning in
neurological physiotherapy, integrating the Kisner and Colby interrelated aspects of physical
function within the classical APTA proposal and the ICF framework to create a more adaptable and
patient-centred approach. By emphasizing the biopsychosocial model and goal-oriented strategies,
the BRAIN framework enables physiotherapists to address the unique challenges of managing
neurological patients, with a focus on enhancing patient participation and quality of life. This unified
model encourages effective interdisciplinary collaboration and offers a clear pathway for improving
rehabilitation outcomes, thereby addressing an existing gap in current clinical practice.
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Abbreviations

The following abbreviations are used in this manuscript:

APTA American Physical Therapy Association

ARAT Action Research Arm Test

ABC Activities-specific Balance Confidence Scale

BRAIN Biopsychosocial Reasoning Approach In Neurophysiotherapy
CNS Central Nervous System

ESO European Stroke Organization

FAC Functional Ambulation Category

GAS Goal Attainment Scale

ICF International Classification of Functioning, Disability and Health
MAL Motor Activity Log

NDT Neurodevelopmental Therapies

QST Quantitative Sensory Testing

SMART Specific, Measurable, Achievable/Attainable, Realistic/Relevant, Timed
VO;max Maximum Oxygen Consumption

WHO World Health Organisation
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