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Abstract

Ultrasound is increasingly used in neurological rehabilitation, most visibly to improve the
accuracy and safety of botulinum toxin (BoNT) and phenol administration for spasticity.
However, its potential to contribute to wider clinical decision-making remains underde-
veloped, particularly through characterisation of structural muscle-tendon unit (MTU)
changes that may help clinicians interpret the relative neural and structural contributors
to stiffness and contracture. This position paper argues that ultrasound should be con-
ceptualised not only as a procedural adjunct but also as a clinical decision-support tool.
We synthesise current evidence supporting muscle ultrasound for tissue characterisation
and intervention guidance, outline barriers to implementation, and distinguish established
procedural applications from the emerging use of ultrasound for tissue-informed clinical
decision support. The modified Heckmatt scale is presented as one feasible method for
tissue characterisation within this broader ultrasound toolkit, while recognising that vali-
dated thresholds linking ultrasound findings to specific treatment decisions have not yet
been established. Further methodological standardisation, competency development and
prospective evaluation are required before these emerging applications can be incorporated
consistently into routine clinical pathways.

Keywords: spasticity; contracture; ultrasound

1. Introduction

Stroke and other forms of acquired brain injury (ABI) can result in neurological and
musculoskeletal impairments that affect motor control and muscle structure [1,2]. Following
injury to the central nervous system, disruption of descending motor pathways reduces
voluntary motor activation and contributes to muscle disuse, triggering structural and
functional changes within the muscle-tendon unit (MTU) [2,3]. Muscle atrophy develops
as a consequence of reduced muscle activation and inactivity, while progressive alterations
in the extracellular matrix contribute to fibrosis and reduced tissue elasticity [4]. Fatty
infiltration may replace contractile tissue and further impair muscle quality [5]. Post-stroke
adaptations in muscle architecture and mechanical properties, including alterations in
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fascicle length and muscle stiffness, have also been documented [6,7]. Collectively, these
neurological and musculoskeletal changes contribute to impairments in motor function,
mobility and activity following stroke [8,9].

These structural adaptations contribute to the development of contracture [10,11].
Contracture refers to a loss of passive joint range of movement associated with structural
shortening or remodelling of the muscle-tendon unit and surrounding periarticular tis-
sues [11]. Throughout this paper, several terms describing increased resistance to movement
are used and should be distinguished. Spasticity is defined as disordered sensorimotor
control resulting from an upper motor neuron lesion, presenting as intermittent or sus-
tained involuntary activation of muscle [12]. Rigidity refers to an increased resistance to
passive movement that is classically considered relatively independent of movement ve-
locity and is associated predominantly with extrapyramidal disorders such as Parkinson’s
disease [13]. Stiffness is a biomechanical property describing the resistance of a tissue or
structure to deformation and is commonly expressed as the change in force relative to the
resulting change in length or displacement [14]. Although these phenomena may coexist,
they represent distinct impairments and should not be used interchangeably.

Contractures are common following moderate to severe stroke and are associated with
poorer functional outcomes. In a prospective cohort of adults admitted to hospital following
stroke, approximately half developed at least one contracture within six months [15].
Other longitudinal studies have demonstrated that contracture may develop early after
stroke and become increasingly apparent over subsequent weeks and months [16,17].
The mechanisms and sequence of events leading to contracture development remain
incompletely understood [10,11,18]. Longitudinal findings from the Care of the Arm after
STroke (CAST) study demonstrate that impairments including hypertonicity and loss
of range of movement remain clinically relevant during the first year following severe
stroke [19]. Contracture development is complex and multifactorial, involving changes to
muscles, tendons, ligaments and joint capsules [11], and is influenced by factors including
the severity of motor impairment, mobility and functional recovery [15,17,18]. Importantly,
contracture is a structural musculoskeletal complication that may occur across a range of
neurological conditions, irrespective of whether increased muscle tone is characterised
by spasticity or rigidity. Although spasticity and contracture frequently coexist following
stroke, they are distinct clinical entities and should not be considered synonymous [18,20].
Distinguishing neural and structural contributors to impaired movement is therefore
important for appropriately targeted management [11,21].

The clinical and economic burden associated with contractures is considerable. Among
individuals with acquired brain injury receiving specialist inpatient rehabilitation, those with
contractures remained in hospital for an average of 31 days longer than those without con-
tractures, with an additional mean episode cost of £25,588 [22]. Despite this burden, evidence
supporting effective prevention and management of contractures remains limited [23,24].

Against this background, ultrasound is becoming increasingly accessible within neuro-
logical rehabilitation and is established for selected applications, particularly image-guided
interventions for spasticity management [25]. Its use for tissue characterisation and clin-
ical decision support is less established. An important clinical challenge in stroke and
ABI is that increased resistance to passive movement may be attributed predominantly
to spasticity despite reflecting a combination of neural hyperexcitability and non-neural
musculoskeletal changes, including muscle shortening, altered tissue composition and
established contracture [11,20,21]. Failure to recognise the relative contribution of these
mechanisms may result in interventions being poorly aligned with the underlying impair-
ment. For example, where structural muscle-tendon changes contribute substantially to
passive stiffness, interventions addressing muscle length, tissue extensibility or orthopaedic
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management may need to be considered alongside those targeting neural overactivity. Im-
proving understanding of the relative neural and structural contributions is therefore
important for appropriately targeted clinical decision-making.

This position paper considers the role of ultrasound across the continuum from estab-
lished procedural guidance to the emerging use of tissue characterisation in clinical decision
support for spasticity and contracture management. It examines how ultrasound-derived
information about muscle structure and composition may complement clinical assessment,
while recognising that these applications are at different stages of evidence development
and implementation. The modified Heckmatt (mHeckmatt) scale (Table 1) is presented as
one potential approach to tissue characterisation within this broader ultrasound toolkit,
alongside qualitative visual assessment, quantitative echogenicity analysis and, where
available, elastography [26,27]. The paper subsequently considers the evidence supporting
these applications, their implications for clinical reasoning, and the training, governance
and research requirements necessary for their safe and reproducible implementation.

Table 1. Comparison of the Heckmatt and mHeckmatt Scales.

Grade Original Heckmatt Scale Modified Heckmatt Scale
1 Normal Normal echogenicity in more than 90% of the muscle
that is distinct from bone echogenicity.
5 Increased muscle echogenicity intensity Increased muscle echogenicity in 10-50% of tissue with
with distinct bone echogenicity. reduced distinction of bone echogenicity from muscle.
. . . Marked increased in muscle echogenicity between 50%
Marked increase in muscle echogenicity o ) . T
3 : .. and 90% of tissue with a reduced distinction of bone
with a reduced bone echogenicity. .
echogenicity from muscle.
. Very strong muscle echogenicity with near complete
4 Very strong muscle echogenicity and loss of distinct bone echogenicity from muscle in >90%

complete loss of bone echogenicity.

of tissue.

2. Ultrasound in Spasticity and Contracture Management: From
Procedural Guidance to Clinical Reasoning

Muscle ultrasound is an established method for assessing muscle structure and can
provide information regarding muscle thickness, architecture and tissue composition at the
point of care [26,28]. Broadly, ultrasound may contribute to neurological rehabilitation in
three ways: (1) identifying muscles and adjacent neurovascular structures during image-
guided interventions; (2) characterising structural muscle changes, including changes in
echogenicity, muscle composition and architecture; and (3) monitoring tissue response to
interventions over time. These applications span, but should not be conflated with, the
formal scopes of ultrasound practice discussed in Section 4. While ultrasound guidance for
interventions is well established within spasticity services, its role in tissue characterisa-
tion and clinical decision support is less developed and less consistently integrated into
routine practice.

Assessment of muscle echogenicity may provide additional information when in-
creased resistance to passive movement reflects structural muscle—tendon changes along-
side, or rather than predominantly, neural mechanisms. Echogenicity describes the bright-
ness of muscle tissue on ultrasound images and reflects the degree of sound wave reflection,
with increased echogenicity commonly associated with fibrosis, fatty infiltration and muscle
degeneration. The modified Heckmatt (mHeckmatt) scale provides a clinically feasible
method for grading muscle echogenicity in individuals with spasticity, bridging qualitative
visual assessment and more technically demanding quantitative grayscale analysis [29,30].
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The scale uses a four-point ordinal grading system ranging from Grade 1 (normal echogenic-
ity) to Grade 4 (severe muscle degeneration with marked hyperechogenicity), with the
modified version improving discrimination between intermediate grades by considering
the proportion of muscle demonstrating increased echogenicity [29,30] (Table 1). The
mHeckmatt scale has demonstrated good validity and reliability when compared with

quantitative grayscale analysis [30] (Figure 1).

Figure 1. Traced muscles (white arrow) demonstrating the Modified Heckmatt grades. (A) Grade
1: normal echogenicity in more than 90% of the muscle that is distinct from bone echo. (B) Grade
2: increased muscle echogenicity in 10% to 50% of tissue, but with distinct bone echo and some
areas of normal muscle echo. (C) Grade 3: marked increase in muscle echogenicity between 50%
and 90% of tissue with reduced distinction of bone echo from muscle. (D) Grade 4: very strong
muscle echogenicity, with near complete loss of distinct bone echo from muscle in more than 90%
of tissue. Moreta, Fleet, Reebye, McKernan, Berger, Farag, Munin. Reliability and Validity of the
Modified Heckmatt Scale in Evaluating Muscle Changes With Ultrasound in Spasticity, Archives
of Rehabilitation Research and Clinical Translation 2020, 2, 4 [30]. Reproduced under a Creative
Commons license.

Importantly, ultrasound should be considered an adjunct to, rather than a replace-
ment for, comprehensive clinical assessment. Clinical examination remains essential for
evaluating neurological impairment through assessment of passive range of movement,
resistance to passive stretch at different velocities, muscle length, functional performance
and patient history. Clinical measures such as the Modified Ashworth Scale and Modified
Tardieu Scale provide information regarding increased resistance to movement but can-
not independently distinguish the relative contributions of neural hyperexcitability and
structural muscle-tendon pathology. Ultrasound may complement these assessments by
providing additional information about muscle quality, architecture and tissue composition.
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Considered alongside clinical findings, this information may contribute to a more informed
interpretation of the relative neural and structural contributors to impaired movement,
with potential implications for prognosis and treatment planning.

Beyond echogenicity assessment, ultrasound offers additional approaches to char-
acterising muscle mechanical properties. Shear wave elastography estimates tissue stiff-
ness by measuring the propagation speed of mechanically induced shear waves through
muscle. Studies in post-stroke upper limb muscles have demonstrated that elastography-
derived measures can be obtained reliably and are associated with clinical measures of
spasticity and functional performance [31]. A systematic review similarly concluded that
elastography provides useful quantitative information regarding the mechanical proper-
ties of spastic muscle, although further methodological standardisation is required before
widespread clinical implementation [32,33]. Campanella et al. demonstrated changes in
elastography-derived measures associated with spastic dystonia and response to botulinum
toxin treatment [34]. In the same study, mHeckmatt grades were positively associated with
elastography-derived muscle stiffness in shortened muscles, suggesting that echogenicity
and elastography may provide complementary information regarding MTU characteris-
tics [34]. Moreta et al. similarly demonstrated excellent inter- and intra-rater reliability of
the mHeckmatt scale and a strong relationship between qualitative grading and quantitative
grayscale analysis [30]. Together, these findings support the potential utility of complemen-
tary qualitative and quantitative ultrasound approaches for tissue characterisation, while
highlighting the need for further methodological and clinical validation [30,32,35].

However, evidence supporting the measurement properties of the mHeckmatt scale
should be distinguished from evidence supporting its use as a clinical decision tool. At
present, validated thresholds linking individual mHeckmatt grades to specific interventions
or predicting treatment response have not been established. The scale should therefore
be used as an adjunct to comprehensive clinical assessment rather than as a stand-alone
determinant of treatment selection. Establishing clinically meaningful thresholds and
prospectively evaluating whether and how ultrasound-derived measures contribute to
treatment decision-making represents an important priority for future research.

Collectively, these approaches support an emerging role for ultrasound that extends
beyond procedural guidance towards tissue characterisation and clinical decision support.
Ultrasound-derived information about muscle quality and MTU characteristics may com-
plement clinical examination and contribute to clinical reasoning, goal setting, intervention
planning and monitoring. However, evidence demonstrating that incorporation of these
measures into clinical pathways improves treatment selection or patient outcomes remains
limited. Further validation is therefore required to establish how ultrasound-derived
information should most appropriately contribute to clinical decisions.

3. Ultrasound-Guided Interventions: Established Procedural Applications

Ultrasound guidance for botulinum toxin (BoNT) injection has the strongest evidence
base and is the most widely adopted application of ultrasound within spasticity manage-
ment. The rationale is straightforward: if the intended muscle is not accurately targeted,
treatment efficacy may be reduced and unintended weakness of adjacent muscles may
compromise function. Multiple studies have demonstrated that ultrasound guidance
improves localisation accuracy compared with anatomical landmark-based approaches,
particularly when targeting smaller or deeper muscles and anatomically complex regions.
Ko et al. reported markedly higher injection accuracy with ultrasound guidance than with
non-guided techniques, with particularly large differences observed in more challenging
muscle groups [36]. Earlier work on forearm muscles similarly demonstrated improved
localisation while reducing the risk of inadvertent injection into adjacent vascular or neural
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structures [37]. More recent evidence continues to support improved procedural accuracy
with ultrasound guidance, even following relatively limited training [38].

Beyond BoNT, ultrasound also supports other interventional procedures used in neu-
rological rehabilitation. Phenol neurolysis remains an important option for focal spasticity
management, particularly when longer-lasting denervation is required or when response to
BoNT is limited. Matsumoto et al. demonstrated that combining ultrasound with electrical
stimulation improved targeting during musculocutaneous nerve phenol neurolysis for
elbow flexor spasticity [39], while ultrasound-guided phenol neurolysis has also been
reported to be both feasible and safe in people with spinal cord injury [40]. Similarly,
ultrasound, commonly combined with electrical nerve stimulation, has been used to guide
cryoneurolysis by facilitating localisation of peripheral nerves and motor branches. Emerg-
ing observational studies and case series have reported favourable outcomes including
reductions in spasticity, improvements in range of movement and goal attainment, although
controlled evidence remains limited [41-43]. Collectively, these studies support ultrasound
as an important procedural tool for interventions where precision and safety are essential.

Although ultrasound guidance consistently improves procedural accuracy, improve-
ments in targeting precision do not necessarily translate into proportional gains in clinical
or functional outcomes. Santamato et al. reported improved clinical outcomes following
ultrasound-guided BoNT injections compared with anatomically guided injections [44],
and a clinical discussion paper argued that accumulating evidence supports routine ul-
trasound guidance within spasticity services, particularly when targeting muscles where
anatomical landmark accuracy is limited [45]. However, treatment response is influenced
by numerous factors beyond injection accuracy, including patient selection, chronicity of
impairment, the severity of underlying muscle-tendon structural change, rehabilitation
intensity and functional goals [46,47]. Ultrasound guidance should therefore be regarded
as an important component of optimising intervention delivery rather than a guarantee of
superior clinical effectiveness.

Importantly, procedural accuracy addresses only one component of clinical decision-
making. Ultrasound-guided injection can confirm identification of the intended target and
support safe needle placement but does not, in isolation, establish the relative contribution
of neural hyperexcitability and structural muscle-tendon changes to increased resistance
to movement. As discussed in Section 2, ultrasound assessment of muscle architecture,
echogenicity, thickness and other tissue characteristics may provide complementary in-
formation about MTU status, although the clinical interpretation and application of these
measures remain less well established than procedural ultrasound guidance.

This distinction between established procedural guidance and the emerging use of
ultrasound for tissue characterisation has important implications for scope of practice,
training and governance. The following section therefore considers ultrasound practice
according to defined clinical scopes, distinguishing the competencies and governance
requirements associated with procedural applications from those required for tissue char-
acterisation and clinical decision support.

4. Scope of Practice, Competency, and Governance: Aligning Ultrasound
Use to Clinical Risk and Purpose

As ultrasound becomes increasingly portable and more widely used by clinicians
outside radiology, clearly defined scopes of practice are essential to support patient safety,
appropriate interpretation and consistent clinical standards. The term ultrasound use en-
compasses a spectrum of activities associated with different levels of complexity, training
requirements and clinical risk. The point-of-care ultrasound (PoCUS) literature consistently
emphasises the importance of formal education, competency assessment and appropriate
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governance structures, as confidence without competence may lead to image misinterpreta-
tion and inappropriate clinical decision-making [25,48].

An international Delphi study linked to the development of the UK National Frame-
work for Ultrasound Practice proposed a structured framework describing three progressive
scopes of ultrasound practice within spasticity management [25] (Table 2). The first two
scopes relate primarily to ultrasound-guided interventions, while the third extends ultra-
sound into evaluation of muscle structure and composition to support clinical assessment
and decision-making. Although originally developed in the context of spasticity interven-
tions, the underlying principles of competency, governance and clinical responsibility have
wider relevance to neurological rehabilitation.

Table 2. Scope of practice statements for ultrasound use within spasticity management.

Scope of Practice Statements

1. Visualization and identification of target muscle and neighbouring tissues (including
neurovascular structures). Visualization of needle passage and subsequent localization
of botulinum toxin into target muscle; avoiding at risk structures.

The first scope is procedural guidance for BONT injection: this requires image optimisation,
accurate identification of muscle boundaries, real-time needle visualisation, and safety awareness
around neurovascular structures.

2. Visualization and identification of target muscle or nerve; and neighbouring tissues.
Visualization of needle passage and subsequent localization of injectate such as phenol
(or cryoneurolysis) * into target tissue; avoiding at risk structures.

The second scope is procedural guidance for phenol neurolysis: in addition to needle guidance,
clinicians must reliably identify nerves and understand target relationships, which may require
additional training and governance

3. Evaluation of muscle structure, thickness, and composition to aid clinical assessment
and decision making.

The third scope extends ultrasound beyond procedures into tissue characterisation and decision
support—such as echogenicity grading (e.g., mHeckmatt), architectural assessment, and (where
available) elastography—to provide additional information about MTU structure and
composition that may contribute to interpretation of the relative neural and structural
components of impairment and multidisciplinary treatment planning

* An addition since the original publication of the statements.

Importantly, these scopes are at different stages of evidence development and clinical
implementation. Ultrasound-guided procedural practice has a comparatively established
evidence base, whereas the use of ultrasound-derived tissue characteristics to directly
inform treatment selection remains an emerging area. Evidence supporting individual
measures such as echogenicity, muscle architecture and elastography varies in study design,
population and outcome, and validated thresholds linking these measures to specific clinical
decisions have not yet been established. The evidence and governance requirements for
each scope should therefore be considered in relation to its clinical purpose and maturity.

For the procedural scopes (Scopes 1 and 2), the principles established within the
original framework have subsequently been translated into practice recommendations and
an applied governance framework. Ashford et al. [48] describe implementation of ultra-
sound image-guided BoNT injection in clinical practice, including training, competency
development, governance, documentation and quality assurance. Since publication of the
original framework, ultrasound-guided cryoneurolysis has also emerged as an intervention
consistent with the procedural principles represented within Scope 2. Readers are directed
to Ashford et al. [48] and the existing framework [25] for detailed operational guidance
relating to procedural ultrasound practice; the present paper does not seek to duplicate
these recommendations.
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Scope 3 represents a less developed extension of ultrasound practice. It moves beyond
procedural guidance towards tissue characterisation and the potential use of ultrasound-
derived information to support clinical reasoning. Assessment of muscle echogenicity,
architecture and, where available, elastography may provide additional insight into the
structural status of the MTU. However, direct evidence which demonstrates that incor-
porating these measures into clinical pathways improves treatment selection or patient
outcomes, remains limited. Furthermore, operational standards for image acquisition
and interpretation, competency requirements and clinically meaningful thresholds are
less well established than for procedural ultrasound. Table 3 therefore summarises the
current evidence supporting the principal applications within Scope 3, together with their
limitations and priorities for further development.

The potential contribution of Scope 3 can be illustrated through clinical reasoning. Two
patients may present with similar resistance to passive elbow extension on clinical examina-
tion, while ultrasound demonstrates different structural characteristics of the target muscle.
One may show relatively preserved architecture and low echogenicity, whereas another
may demonstrate marked hyperechogenicity, reduced muscle thickness and shortened
fascicles. These findings should not be interpreted as stand-alone indicators for particular
interventions; rather, they provide additional information that can be considered alongside
passive range of movement, resistance to passive stretch, pain, function, patient goals and
other clinical findings. In this way, ultrasound may contribute to consideration of the rela-
tive neural and structural components of impairment and to multidisciplinary treatment
planning (Figure 2). Neural and structural impairments frequently coexist, and ultrasound
should therefore complement, rather than replace, comprehensive clinical assessment.

Ultrasound-Guided Injection for Spasticity

Management
( ™
Ultrasound Indicators
e Echogenicity Grade —> ‘g/ [
Injection
Clinical
—»| Decision
Making
| Muscle Stretch
Grade 3 Grade 4 ) ’

Vs

Surgical
Intervention

Figure 2. Conceptual integration of muscle ultrasound findings within multidisciplinary clinical
decision-making. This figure represents a conceptual framework rather than a validated clinical decision
algorithm. No validated mHeckmatt thresholds currently exist for directing specific treatment choices. Image
created using Microsoft Copilot 2026.
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Table 3. Ultrasound evaluation of muscle structure, thickness, and composition to aid clinical assessment and decision making in spasticity and contracture management.

Ultrasound Method What Is Measured g?;::j ;}ﬂ:éi gsm Potential Clinical Relevance Advantages Limitations
Semi-quantitative visual ?r/?grril;c\igier:d:rlctlliinarlnuscle
grading of muscle Higher grades indicate uality and thegextentgo ¢
echogenicity (Grade 1-4) increased muscle (s]truc tl};ral chanee that can be Subjective; dependent on
based on muscle brightness  echogenicity, which has considered alor% side clinical operator experience and
and visibility of deeper been associated with fatty assessment whei establishin ultrasound settings.
Modified Heckmatt structures. infiltration, fibrosis and treatment woals and plannin & Rapid, inexpensive, Validated operational
Scale (mHS) After Rasch evaluation other chronic structural interventi ogns Tt rolg in & clinically feasible, good thresholds and a
[30,49-51] (original version) a muscle changes. Increased rodictin reé onsiveness to reliability and validity.  decision-making
restructured scale has been  echogenicity is common IEONT or ign for?nin treatment framework to guide
recommended rescoring toa  after upper motor neuron selection has not get been implementation
3-point scale, with response  lesions and chronic established pros };c tivel are needed.
categories then consistently  spasticity. ,1eC PToSp -
completed [49] No definitive trials of decision
p ' making have been delivered.
Provides information about
muscle morphology and
structural adaptation that may
. contribute to interpretation of
. . Reduced mgscle thickness, the relative neural and .
Architectural Muscle thickness, fascicle shorter fascicle length, structural components of Measurement techniques
Assessment (B-mode length, pennation angle, altered pennation angle, and impairment wllzen considered Direct visualization of ~ require standardization;
Ultrasound) cross-sectional architecture, muscle atrophy may occur aloIr)1 side clinical assessment muscle morphology; some parameters have
and muscle volume following stroke, cerebral &°! L * widely available. moderate inter-rater
[35,52,53] Potential applications include

estimates.

palsy, spinal cord injury, and
other spasticity conditions.

treatment planning,
longitudinal monitoring and
evaluation of structural change.
No definitive trials of decision
making have been delivered.

reliability.
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Table 3. Cont.
Ultrasound Method What Is Measured Typlc;.al Findings in Potential Clinical Relevance Advantages Limitations
Spastic Muscle
Provides quantitative
information about tissue
Spastic muscles generally mechanical properties and may
. support monitoring of muscle
demonstrate increased . . .
" . . changes over time or following Lack of standardized
Quantitative assessment of  stiffness compared with . : .
Elastography (Shear . . intervention. Its potential - - protocols; measurements
: tissue stiffness through contralateral or healthy o . . Objective, quantitative,
Wave or Strain i contribution to interpreting o affected by muscle
measurement of shear-wave muscles. Significant sensitive to o .
Elastography) neural and non-neural position, loading,

velocity or elasticity

[31,32,54-56] modulus.

differences have been
demonstrated in biceps
brachii and gastrocnemius
muscles.

components of increased
resistance to movement
requires further clinical
validation.

No definitive trials of decision
making have been delivered.

biomechanical changes. .
equipment, and operator

technique.

Computer-assisted analysis
of pixel intensity within a
selected region of interest,
usually reported as mean
grayscale value.

Quantitative Grayscale
Analysis (Echogenicity
Analysis)

[30,35,57,58]

Increased grayscale values
indicate greater
echogenicity associated with
fibrosis, fatty infiltration,
and loss of muscle quality.
Quantitative grayscale
correlates strongly with
Modified Heckmatt scores.

Provides an objective measure
of muscle echogenicity that
may complement qualitative
assessment and support
longitudinal evaluation of
muscle quality. Its value in
predicting treatment response
or informing selection for focal
interventions remains to be
established.

No definitive trials of decision
making have been delivered.

Dependent on operator
experience, ultrasound
settings and appropriate
equipment.

More objective than
visual grading
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Evidence supporting this broader role is emerging. Moreta et al. demonstrated that
the modified Heckmatt scale provides a reliable method of evaluating pathological muscle
changes and correlates with quantitative grayscale analysis [30]. Campanella et al. and
Heckmatt et al. demonstrated relationships between muscle echogenicity and ultrasound-
derived measures of tissue characteristics, supporting the potential complementary use
of qualitative and quantitative approaches [29,34]. However, as outlined in Section 2 and
Table 3, evidence demonstrating that these measures can be translated into validated treat-
ment thresholds or decision rules remains limited. Ashford et al. [25] proposed structured
spasticity pathways in which ultrasound findings are integrated with clinical assessment
and treatment planning rather than interpreted as an isolated assessment. Figure 2 builds
on this principle by illustrating the conceptual integration of muscle ultrasound within mul-
tidisciplinary clinical reasoning; though is not a validated clinical decision algorithm yet.

The differing maturity and clinical purpose of the three scopes also have implications
for governance. For procedural ultrasound, established frameworks provide a basis for
training, competency assessment and quality assurance [25]. For Scope 3, governance
must evolve alongside the evidence base and should encompass not only competency
in image acquisition but also appropriate interpretation, documentation, reporting and
integration of ultrasound findings with comprehensive clinical assessment. Development
of reproducible acquisition methods, competency standards and validated approaches
to clinical interpretation therefore represents an important priority before Scope 3 can be
implemented consistently across services.

5. Barriers to Implementation: Why Adoption Remains Uneven
Despite Availability

Despite increasing availability of ultrasound devices, implementation barriers remain
across spasticity and neurological rehabilitation services. In a Canadian survey of rehabilita-
tion physicians, limited familiarity with point-of-care ultrasound (PoCUS) and uncertainty
regarding its clinical value were identified as key obstacles to integrating ultrasound into
routine spasticity management [59]. These findings mirror broader evidence surround-
ing implementation within stroke rehabilitation, where organisational and clinician-level
barriers—including limited time and resources, knowledge and skills gaps, and scepticism
regarding new approaches—continue to impede the adoption of evidence-based prac-
tice [60]. Ultrasound implementation is particularly vulnerable to these challenges because
successful integration requires not only access to equipment but also appropriate technical
standards, sustained education, supervised clinical experience and robust governance.

An additional challenge, particularly for Scope 3 practice, is the lack of sufficiently
standardised acquisition, analysis and reporting protocols across muscle ultrasound appli-
cations. Measures of echogenicity, muscle architecture and elastography may be influenced
by factors including probe orientation and pressure, anatomical site, machine settings,
device characteristics and image-processing procedures. Although methodological recom-
mendations exist for individual techniques, consensus minimum standards specifically for
their application within neurological clinical decision-making have not yet been established.
This variability has implications for reproducibility, interpretation and comparison of find-
ings between clinicians and services. Development and validation of pragmatic standards
for image acquisition, analysis and reporting are therefore important prerequisites for con-
sistent implementation of tissue characterisation within routine neurological rehabilitation.

Workforce and training requirements present a further barrier. Evidence from the
wider PoCUS literature indicates that clinicians commonly report insufficient education,
limited opportunities for supervised practice and a lack of clearly defined competency
and credentialling pathways, even where ultrasound technology is readily available [61].
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Although medical education programmes demonstrate that ultrasound skills can be suc-
cessfully taught, national surveys continue to report considerable variability in curriculum
provision, inconsistent competency standards and limited faculty expertise [62]. These
challenges are particularly relevant when ultrasound practice extends beyond procedural
guidance into tissue characterisation and clinical decision support, where clinicians must
develop competency not only in image acquisition but also in interpretation and integration
of findings with the wider clinical assessment.

A further challenge is demonstrating clinical value. The benefits of ultrasound-guided
interventions are relatively easy to appreciate because improvements in procedural safety
and targeting accuracy are immediately observable. By contrast, the value of ultrasound-
based tissue characterisation is less tangible because its principal contribution lies in
supporting clinical reasoning rather than directly delivering treatment. Ultrasound has
the potential to improve differentiation between neural and structural contributors to
movement impairment and thereby support more appropriate treatment selection; how-
ever, robust evidence demonstrating improved patient outcomes, cost-effectiveness or
healthcare savings remains limited. Even where tools such as the modified Heckmatt scale
demonstrate good measurement properties, clinicians may remain uncertain about how
ultrasound findings should influence treatment selection, intervention timing or escalation
of care [30]. This may create a cycle in which limited clinical adoption generates relatively
little real-world evidence of impact, which in turn reinforces uncertainty regarding its value
and further limits implementation.

6. Overcoming Barriers: Strengthening Pathways, Training and
Quality Systems

Successful implementation of ultrasound within neurological rehabilitation requires a
coordinated strategy combining pathway integration, education, competency development
and governance. Structured protocols and standardised documentation have been associ-
ated with improved uptake of point-of-care ultrasound (PoCUS) in clinical practice, with
studies of ultrasound competency programmes demonstrating sustained improvements in
use following the introduction of structured training and quality assurance systems [63].
Within spasticity and neurological rehabilitation services, ultrasound should therefore be
incorporated into existing assessment and treatment pathways rather than introduced as
a standalone investigation. Routine documentation could integrate conventional clinical
measures, including passive range of movement, resistance to passive movement, pain
and functional goals, with relevant ultrasound findings such as modified Heckmatt grade,
muscle thickness, echogenicity and other indicators of tissue quality. Importantly, docu-
mentation should record not only the ultrasound findings themselves but also how these
findings contribute to clinical interpretation and subsequent treatment planning. This
would support a shift from ultrasound as an isolated imaging procedure towards its use as
a component of structured clinical decision-making.

Education and training should be aligned with the defined scope of practice. Expand-
ing PoCUS within neurological rehabilitation requires clinicians to develop competencies
appropriate to their intended application, ranging from ultrasound-guided interventions to
muscle assessment, image interpretation and integration of findings into clinical reasoning.
Evidence indicates that structured ultrasound education can improve competency and
promote sustained clinical use. Clinicians undertaking formal ultrasound training have
continued to incorporate PoCUS into practice several years after training, highlighting
the importance of supervised learning and ongoing clinical exposure in maintaining com-
petence [64]. Similarly, longitudinal integration of ultrasound training within medical
curricula has been shown to support skill retention and routine clinical use more effectively
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than isolated short courses [65]. Within spasticity management, Ashford et al. have also
highlighted the value of structured training packages in improving clinician confidence and
consistency in assessment and treatment planning [25]. A staged approach to ultrasound
competency development, incorporating theoretical education, supervised clinical practice,
formal competency assessment and continuing professional development, is therefore
likely to be necessary to support safe and effective implementation.

Implementation must also be supported by an appropriate workplace culture and
quality assurance infrastructure. Evidence from implementation research highlights the im-
portance of local clinical champions, integration into established workflows and continuous
quality improvement in sustaining new clinical practices [66]. Within ultrasound services,
regular audit, peer review and quality assurance processes can support consistency, ac-
curacy and continuing professional development [67]. For neurological rehabilitation
services, this could include periodic review of ultrasound-guided intervention practice,
peer review of tissue characterisation findings and audit of how ultrasound findings are
incorporated into documented clinical reasoning and treatment pathways. Linking ultra-
sound findings with subsequent interventions and patient outcomes would additionally
provide services with opportunities to evaluate whether implementation is meaningfully
influencing clinical practice.

Emerging technologies may further support implementation. Artificial intelligence
(Al)-assisted ultrasound tools have the potential to support image acquisition and inter-
pretation and reduce operator variability [68]. Although these technologies cannot replace
clinical reasoning, professional judgement, appropriate training or governance, they may
help facilitate wider adoption by supporting more consistent acquisition and interpretation,
particularly where access to specialist ultrasound expertise is limited. Their role within
neurological rehabilitation will nevertheless require appropriate validation and evaluation
before routine implementation.

Future evaluation of Scope 3 should extend beyond technical validity and reliability to
determine whether ultrasound-informed assessment changes clinical decision-making and,
ultimately, improves patient outcomes. Relevant outcomes may include agreement and
reproducibility of ultrasound findings; changes in treatment selection, timing or escalation;
goal attainment; passive and active function; pain; range of movement; and the feasibility
and acceptability of ultrasound-informed pathways. Service-level outcomes, including
assessment time, pathway utilisation and resource requirements, should also be consid-
ered. Economic evaluation will be necessary before claims regarding cost-effectiveness or
healthcare savings can be substantiated. These outcomes should be evaluated prospectively
as Scope 3 pathways, standardised protocols and competency frameworks are developed
and implemented.

Ultimately, successful implementation will depend not simply on wider availability
of ultrasound technology, but on establishing the clinical infrastructure required to use it
meaningfully. Standardised acquisition and reporting, scope-specific competency, appro-
priate governance and explicit integration of ultrasound findings into clinical reasoning
will all be necessary if ultrasound is to progress beyond procedural guidance towards a
broader role in neurological rehabilitation. Ultrasound should therefore be viewed as an
adjunct to comprehensive neurological and musculoskeletal assessment that can provide
additional information to support, rather than replace, clinical judgement.

7. Summary and Position Statement

To date, the principal clinical application of ultrasound within spasticity manage-
ment has been procedural, improving the accuracy and safety of interventions including
botulinum toxin, phenol neurolysis and cryoneurolysis. However, ultrasound also pro-
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vides clinically relevant information about the structural and mechanical properties of the
muscle-tendon unit, including muscle echogenicity [30], tissue stiffness [31,33] and changes
following intervention [34]. These capabilities provide a rationale for extending ultrasound
beyond procedural guidance towards a broader role in supporting clinical assessment and
decision-making within neurological rehabilitation.

Consistent with Ashford et al. [25], this position paper proposes that ultrasound should
be incorporated within structured clinical reasoning frameworks and care pathways, sup-
ported by clearly defined scopes of practice, competency standards and governance systems.
Within this framework, tools such as the modified Heckmatt scale should be considered
one component of a broader ultrasound toolkit rather than standalone diagnostic measures.
When interpreted alongside clinical examination, patient history and functional goals,
ultrasound findings may provide additional information to help clinicians distinguish the
relative contribution of neural and structural factors to movement impairment and inform
treatment planning.

The evidence base supporting this role differs across the proposed scopes of practice.
Ultrasound-guided interventions have a comparatively established evidence base, whereas
the use of ultrasound tissue characterisation to directly inform treatment selection remains
an emerging area. Before widespread adoption of Scope 3 practice, further work is required
to establish standardised acquisition and reporting protocols, appropriate competency
frameworks and, importantly, whether ultrasound-informed assessment meaningfully
changes clinical decisions and improves patient outcomes.

Our position is therefore not that ultrasound should replace established clinical as-
sessment, nor that individual ultrasound findings should determine treatment in isolation.
Rather, ultrasound should be developed as an adjunct to comprehensive neurological and
musculoskeletal assessment, providing additional information about MTU structure and
mechanical properties that may strengthen clinical reasoning. With appropriate standardis-
ation, training, governance and prospective evaluation, this broader application has the
potential to support more individualised, mechanism-informed management of spasticity
and contracture across neurological rehabilitation.
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