
J Traditional Medicine & Applications, 2026 Volume 5 | Issue 2 | 1

Validation of the Corticospinal Activation Protocol for Spinal Cord Injury 
Rehabilitation- A Delphi Consensus Study

Research Article

Sharanjeet Kaur1* , Narkeesh Arumugam2 and HS Chhabra3

*Corresponding Author
Sharanjeet Kaur, Research Fellow, Department of Physiotherapy, Punjabi 
University Patiala, India.

Submitted: 2026, Sep 03; Accepted: 2026, Sep 24; Published: 2026, Oct 05

Citation: Kaur, S., Arumugam, N., Chhabra, H. S. (2026). Validation of the Corticospinal Activation Protocol for Spinal 
Cord Injury Rehabilitation- A Delphi Consensus Study. J Traditional Medicine & Applications, 5(2), 01-16.

1Research Fellow, Department of Physiotherapy, 
Punjabi University Patiala, India

2Professor, Department of Physiotherapy, Punjabi 
University Patiala, India

3Spinal Surgeon, Shri Balaji Action Spine Institute, 
New Delhi, India

Journal of Traditional Medicine & Applications

Abstract
Study Design: Descriptive Study (Phase I: Delphi Consensus Study, Phase II: Pilot Trial).

Objectives: To formulate a novel CAP for incomplete SCI and evaluate its content, face, construct, and criterion 
(concurrent and preliminary predictive) validity through expert consensus and pilot clinical testing.

Settings: Neuroots- Neurorehabiliation Unit in Patiala, Punjab, India and Department of Physiotherapy, Punjabi 
University, Patiala, Punjab (India).

Methods: CAP was formulated via a comprehensive literature review, development of a multidomain conceptual 
framework (motor, sensory, autonomic, cognitive, vocational), and stakeholder consultation with individuals with SCI 
and clinicians. Content and face validity were established using a Delphi consensus process with a multidisciplinary 
expert panel rating item relevance, clarity, and essentiality and providing qualitative feedback. Construct validity was 
examined by correlating CAP domain scores with established neurophysiological and clinical measures (e.g. motor and 
somatosensory evoked potentials, autonomic function scales, ASIA lower limb scores, WISCI II, SCIM III). Criterion 
validity was explored in a pilot study including two small groups of individuals with traumatic, incomplete thoracolumbar 
SCI, comparing CAP with activity-based therapy plus conventional physiotherapy over a 30-day intervention.

Results: Experts demonstrated near perfect agreement on CAP item relevance and essentiality, indicating strong content 
validity, and qualitatively endorsed the protocol as relevant, comprehensive, and aligned with neuroplasticity driven, 
functional rehabilitation. CAP domain scores showed moderate to strong convergent correlations with corresponding 
neurophysiological and functional reference measures, supporting construct validity. In the pilot study, participants 
receiving CAP exhibited greater improvements across electrophysiological indices, locomotor capacity, functional 
independence, and autonomic function than those receiving standard therapy, providing preliminary evidence of 
concurrent and predictive criterion validity.

Conclusion: The Corticospinal Activation Protocol is a theoretically grounded, stakeholder informed, and 
psychometrically supported framework for rehabilitation in incomplete SCI. CAP addresses important limitations of 
non-standardized activity based and conventional physiotherapy and offers a structured platform for standardized 
clinical implementation and future multicenter trials.
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1. Background
Spinal cord injury (SCI) rehabilitation faces significant challenges 
due to the heterogeneity of injury presentations and the lack of 
standardized, evidence-based protocols tailored specifically for 
this population [1]. The epidemiology of spinal cord injury (SCI) 
reveals a significant and growing global burden. Recent data 
indicate that over 15 million people worldwide are living with SCI, 
with annual new cases estimated between 700,000 and 1.2 million 
globally. The incidence rate is approximately 23.77 per million 
people, with traumatic SCI at 26.48 per million and non-traumatic 
SCI at 17.93 per million. In India, it is estimated that around 1.5 
million individuals live with SCI, with approximately 20,000 
new cases each year [2]. SCI predominantly affects males and is 
most commonly caused by trauma, such as falls and road traffic 
accidents, with high cervical and incomplete injuries increasing 
in recent years. The global burden is particularly high in populous 
countries like China, India, and the USA, which together account 
for a substantial proportion of both incidence and disability-
adjusted life years (YLDs) due to SCI [2]. The prevalence of SCI 
is projected to exceed 14.5 million by 2050, emphasizing the need 
for improved prevention, rehabilitation, and healthcare access. 
Despite advances in acute care, SCI continues to result in long-
term disability, significant morbidity, and mortality, especially in 
low-resource settings where access to specialized rehabilitation 
services is limited. The persistent rise in SCI cases, coupled with 
demographic shifts and population aging, underscores the urgent 
need for targeted interventions and standardized, evidence-based 
rehabilitation protocols tailored to the unique needs of SCI patients 
[3]. 

Current approaches, such as activity-based therapy (ABT), have 
demonstrated some efficacy in promoting motor recovery; however, 
they are often limited by their broad, non-specific nature and lack 
of targeted neuromodulatory strategies to address corticospinal 
pathway dysfunction. ABT protocols typically focus on repetitive 
task-specific training and functional electrical stimulation, but 
do not consistently address the underlying neurophysiological 
deficits in corticospinal excitability that are central to SCI-related 
motor impairment [4]. Moreover, there is a notable absence of 
validated, protocol-driven interventions specifically designed for 
SCI rehabilitation, leading to considerable variability in clinical 
practice and suboptimal outcomes. The lack of a standardized, 
evidence-based protocol hinders reproducibility, limits 
comparative research, and impedes the translation of advances 
in neurophysiology into clinical care. This gap underscores the 
critical need for the development and validation of targeted, 

neuromodulatory protocols such as the Corticospinal Activation 
Protocol (CAP) that are specifically tailored to the unique 
pathophysiology of SCI and capable of enhancing corticospinal 
tract integrity and functional recovery.

1.1. Aim and Objective of the Study
To comprehensively evaluate the face, content, construct, 
concurrent, and ecological validity of CAP using expert consensus 
and clinical testing via a pilot study.

1.2. Nature of the Study
The present study was Comprehensive Study including Delphi 
study and pilot study. The study formulated an exercise program 
i.e. Corticospinal Activation Protocol. The domains and items were 
generated by extensive search and in-depth direct interviews which 
included experts in the field of Physiotherapy and rehabilitation.

1.3. Consent and Ethical Considerations
The International Ethical consideration has been strictly used in 
the study. Prior to the commencement of the study, the proposed 
study applied for ethical approval to conduct the research 
from Institutional Ethical Committee, Punjabi University 
[Ref Number: 28/55/IEC/PUP/2022), Dated 08/11/2022]. The 
Clinical Trail Registry India registration has been done as per 
the norms of the standards of good clinical practice [Reg. No. 
CTRI/2023/02/049536].

1.4. Study Population and Selection Criteria
The study population will consist of ten physiotherapists including 
university professors related to SCI Neuro-rehabilitation and 
community health. The members of the expert panel should have 
at least 05 years of working experience in the field of neurological 
rehabilitation specific to SCI rehabilitation. The 11th member 
of the research team will be an expert in statistics and research 
methodology to ensure the correct methodological procedure of 
the Delphi study. A pilot study to check the effectiveness of the 
protocol was done with 10 individuals who had survived traumatic 
incomplete thoracolumbar SCI with ASIA GRADE B, C, D with 
MMSE <24.

1.5. Sampling Method 
The samples will be recruited through Interview Method (face to 
face method) for Delphi study and purposive sampling method 
was used for pilot study.

2. Methodology
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Phase Description
Phase 1 (Formulation) The CAP protocol was developed through a comprehensive review of current literature, integration of 

neurophysiological frameworks, and cognitive debriefing interviews conducted with patients and clinicians to 
ensure relevance and scientific rigor.

Phase 2 (Expert Validation) Ten experts in neurorehabilitation and physiotherapy participated in a structured three-round Delphi process 
to establish both face and content validity of the protocol. Item-level Content Validity Index (I-CVI) and 
modified Kappa statistics were systematically calculated for each CAP component.

Phase 3 (Pilot Study) A pilot study was conducted with ten individuals with incomplete spinal cord injury (ASIA C/D classification), 
randomized to either the CAP intervention group or a control group receiving activity-based therapy (ABT) 
and conventional physiotherapy over a four-week period. Key outcome measures included ASIA motor and 
sensory scores, the Walking Index for Spinal Cord Injury-II (WISCI-II), Spinal Cord Independence Measure-
III (SCIM-III), general autonomic and sacral-autonomic assessments, as well as Motor and Somatosensory 
Evoked Potentials (recorded on days 0 and 30).

Table 1: Phases of Study

Phase 2  

(Expert Validation) 

Ten experts in neurorehabilitation and physiotherapy participated in a 

structured three-round Delphi process to establish both face and content 

validity of the protocol. Item-level Content Validity Index (I-CVI) and 

modified Kappa statistics were systematically calculated for each CAP 

component. 

Phase 3  

(Pilot Study) 

A pilot study was conducted with ten individuals with incomplete spinal cord 

injury (ASIA C/D classification), randomized to either the CAP intervention 

group or a control group receiving activity-based therapy (ABT) and 

conventional physiotherapy over a four-week period. Key outcome measures 

included ASIA motor and sensory scores, the Walking Index for Spinal Cord 

Injury-II (WISCI-II), Spinal Cord Independence Measure-III (SCIM-III), 

general autonomic and sacral-autonomic assessments, as well as Motor and 

Somatosensory Evoked Potentials (recorded on days 0 and 30). 

Table 1: Phases of Study 

 

 
Figure 1: Flowchart Showing Methodology of the Study

S. No. Stages Description
1 Literature Review Conducted comprehensive review of scientific literature relevant to the topic.
2 Conceptual Framework Integrated neurophysiological or theoretical frameworks to support the 

protocol design.
3 Stakeholder Consultation Conducted cognitive debriefing interviews with 5 patients with SCI and 5 

clinicians working in SCI settings for real-world input.
4 Protocol Drafting Synthesized all data and formulate a preliminary draft of the study protocol.

Table 2: Stages of Formulation of Corticospinal Activation Protocol
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2.1. Phase 1: Formulation of Corticospinal Activation Protocol
The development of the study protocol was carried out in four 
sequential stages. 

In the first stage, a comprehensive literature review was conducted 
to identify existing evidence, gaps, and best practices related to 
spinal cord injury rehabilitation and corticospinal activation–
based interventions. This stage ensured that the protocol was 
grounded in current scientific knowledge and aligned with 
contemporary rehabilitation paradigms. A systematic review titled 
"Exercise Based Approaches to Activate Central Pattern Generator 
in Spinal Cord Injury Survivors," published in the International 
Journal of Neurologic Physical Therapy, was included as a key 
reference to inform the evidence base for corticospinal and central 
pattern generator activation strategies in SCI rehabilitation. This 
review provided a comprehensive synthesis of exercise-based 
interventions targeting CPG activation, offering critical insights 
into effective techniques, dosing parameters, and outcomes, which 
were instrumental in shaping the rationale and content of the 
Corticospinal Activation Protocol. 

In the second stage, a conceptual framework was formulated by 
integrating relevant neurophysiological and theoretical models 
to underpin the design of the protocol. This framework provided 
a structured rationale for the selection of components, dosing 
parameters, and outcome domains, ensuring that each element 
of the protocol was theoretically justified and mechanistically 
informed.

The third stage involved stakeholder consultation through 
cognitive debriefing interviews with key end-users. A total of five 

individuals with spinal cord injury and five clinicians working in 
SCI rehabilitation settings were interviewed to obtain real-world 
perspectives on feasibility, clarity, acceptability, and perceived 
relevance of the proposed protocol. Their feedback was used to 
refine the content, language, and practical aspects of the protocol 
to enhance its clinical utility and patient-centeredness. Patients 
highlighted the importance of clear instructions, manageable 
exercise intensity, and practicality within their daily routines, 
emphasizing that interventions should be adaptable to varying 
levels of impairment and fatigue. 

One patient noted, "The exercises need to be simple and not 
too exhausting, so we can do them regularly without feeling 
discouraged." Clinicians stressed the need for standardized 
protocols that are easy to implement, monitor, and document, 
with one clinician stating, "A protocol that is well-structured and 
evidence-based will help us deliver consistent, high-quality care." 
Both groups appreciated the inclusion of functional, task-specific 
activities and suggested integrating regular feedback mechanisms 
to track progress and adjust the protocol as needed. These insights 
were instrumental in refining the protocol to ensure it is both 
clinically effective and patient-centered

In the fourth stage, all data from the literature review, conceptual 
framework, and stakeholder consultations were synthesized to 
draft the preliminary version of the study protocol. This iterative 
drafting process focused on integrating empirical evidence and 
stakeholder insights into a coherent, operational document that 
could subsequently be subjected to expert validation through the 
Delphi consensus process.

 
Figure 2: Identified Domains of Corticospinal Activation Protocol from Literature Review, Conceptual 

Framework and Stakeholder Consultation 

 

2.2. Phase II: Expert Validation of Corticospinal Activation Protocol 

Type of Validity Definition Application to CAP 

Content validity CAP covers all critical aspects of 

corticospinal and CPG activation 

Delphi consensus with experts 

Face validity CAP appears appropriate and logical to 

experts/clinicians 

Qualitative expert and clinician feedback 

Construct validity CAP targets its theoretical constructs 

(neuroplasticity, CPG) 

Neurophysiological & functional outcome 

correlations 

Figure 2: Identified Domains of Corticospinal Activation Protocol from Literature Review, Conceptual Framework and Stakeholder 
Consultation
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2.2. Phase II: Expert Validation of Corticospinal Activation Protocol

Type of Validity Definition Application to CAP
Content validity CAP covers all critical aspects of 

corticospinal and CPG activation
Delphi consensus with experts

Face validity CAP appears appropriate and logical to 
experts/clinicians

Qualitative expert and clinician feedback

Construct validity CAP targets its theoretical constructs 
(neuroplasticity, CPG)

Neurophysiological & functional outcome 
correlations

Criterion validity CAP outcomes correlate with external 
standards

Comparison with standard locomotor 
training; predictive analysis

Ecological validity CAP is feasible and relevant in real 
clinical contexts

Pilot testing in clinical settings

Table 3: Different Types of Validity Testing to Check the Feasibility of Cap in Clinical Settings

3. Results and Findings
3.1. Content Validity

Domain Item Experts Agreed I-CVI Pc k*
Cognitive Training Non-invasive cortical stimulation (rTMS) 9 0.9 0.0098 0.899

tDCS application 10 1 0.001 1
Attention-focused tasks 9 0.9 0.0098 0.899
Memory-focused tasks 9 0.9 0.0098 0.899
Executive function tasks 10 1 0.001 1
Visuospatial training 9 0.9 0.0098 0.899

ANS Activation Trans-spinal stimulation 10 1 0.001 1
Pudendal nerve stimulation 9 0.9 0.0098 0.899
Aerobic training 9 0.9 0.0098 0.899
Multisite surface spinal stimulation 10 1 0.001 1
Thermal therapy 9 0.9 0.0098 0.899
Intermittent pneumatic compression 10 1 0.001 1

CPG Activation BWSTT 10 1 0.001 1
Rhythmic cycling 9 0.9 0.0098 0.899
High-frequency repetitive exercise 10 1 0.001 1
Overground gait training 10 1 0.001 1
Hip-knee-ankle coordination drills 9 0.9 0.0098 0.899

Trunk & Limb Control Supine → sitting training 10 1 0.001 1
Sitting → quadruped 9 0.9 0.0098 0.899
Kneeling tasks 10 1 0.001 1
Standing balance tasks 10 1 0.001 1
Functional strengthening 9 0.9 0.0098 0.899

Sensorimotor Training Tactile cueing 9 0.9 0.0098 0.899
Variable surface training 10 1 0.001 1
Load shifting tasks 9 0.9 0.0098 0.899
Proprioceptive stimulation 9 0.9 0.0098 0.899

Ambulation & 
Locomotion

Robotic-assisted gait 10 1 0.001 1

Orthoses use 9 0.9 0.0098 0.899
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Body weight support treadmill training 10 1 0.001 1
Functional walking tasks 9 0.9 0.0098 0.899
Mobility aid training 9 0.9 0.0098 0.899

Vocational & Skill 
Training

Simulated work tasks 9 0.9 0.0098 0.899

ADL practice 9 0.9 0.0098 0.899
Computer-assisted vocational training 10 1 0.001 1
Community reintegration tasks 9 0.9 0.0098 0.899

Table 4: Table Showing the Kappa Statistics for CAP are Reported to be Near 1, it Indicates Almost Perfect Agreement Among 
Raters or Experts

This means the components of CAP have very high reliability and 
consensus, with minimal chance disagreement. Thus, it suggested 
that the Delphi validation process yielded highly reliable and 
consensual results among experts, strengthening the protocol's 
validity. Content validity of the Corticospinal Activation Protocol 
(CAP) was systematically evaluated using a Delphi consensus 
approach, with expert raters assessing the relevance, clarity, 
and comprehensiveness of each protocol component. The kappa 
statistics, approaching unity, reflect almost perfect inter-rater 

agreement, indicating that the protocol’s elements are consistently 
perceived as essential and well-defined across expert perspectives. 
This high level of consensus substantiates the protocol’s content 
validity, confirming that its components are not only theoretically 
justified but also pragmatically relevant to the neurorehabilitation 
of spinal cord injury (SCI).

3.2. Face Validity

Theme Description Illustrative Quotes
Perceived relevance CAP aligns with neuroplasticity and 

functional goals
“Clearly targets both neural and functional 
recovery.”

Comprehensiveness Covers motor, sensory, cognitive, 
autonomic, vocational

“Holistic approach that mirrors real-world 
needs.”

Plausibility Logical developmental sequencing “Proximal to distal control is textbook yet 
often missing in protocols.”

Evidence alignment Reflects task specificity, repetition, sensory 
feedback

“Built on sound scientific foundation.”

Recommendations Clarify progression, adjust cognitive tasks, 
add vocational outcome measures

“Define progression criteria and measurable 
outcomes.”

Table 5: Face Validity of CAP

The face validity of the Corticospinal Activation Protocol 
(CAP) was strongly endorsed by the expert panel across several 
conceptually distinct domains. Perceived relevance was high, 
with experts indicating that the protocol is well aligned with 
contemporary principles of neuroplasticity and functional, 
goal-directed rehabilitation, and explicitly targets both neural 
recovery and functional performance. The CAP was also judged 
to be comprehensive, as it integrates motor, sensory, cognitive, 
autonomic, and vocational components, which experts perceived 
as reflecting the multidimensional demands and real-world needs 
of individuals living with spinal cord injury. Plausibility was 
supported by the logical developmental sequencing of activities, 
including the progression from proximal to distal control, which 
experts recognized as consistent with established neuromotor 
control frameworks yet often underrepresented in existing 
protocols. In addition, the protocol was viewed as closely aligned 
with the current evidence base, incorporating key principles such 

as task specificity, high-repetition practice, and enriched sensory 
feedback, and was therefore regarded as grounded in a robust 
scientific rationale. While experts suggested targeted refinements 
such as clearer progression criteria, adjustment of cognitive tasks, 
and incorporation of vocationally oriented outcome measures 
these recommendations were framed as optimization rather than 
fundamental critique. Collectively, these findings indicate strong 
face validity of the CAP, with experts perceiving it as theoretically 
sound, clinically meaningful, and feasible for implementation 
in spinal cord injury rehabilitation practice. Finally, the 
recommendations provided focusing on clarifying progression 
criteria, refining cognitive tasks, and incorporating vocational 
outcome measures indicate that while experts recognized minor 
areas for refinement, they endorsed the overall structure and content 
of the CAP as face valid and suitable for clinical application.

3.3. Construct Validity
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Domain Comparator Tool / Scale Method (Convergent/
Discriminant)

Key Statistic Interpretation

Cognitive Monitoring and 
Training

Neuropsychological tests 
(MEPs, SSEPs)

Convergent (Pearson r) r = 0.68 Adequate construct 
validity

CPG Activation and Training CPG activation (MEPs, 
SSEPs, WISCI-II)

Convergent (Pearson r, 
ICC)

r = 0.60 Good protocol-specific 
validity

ANS Activation and Training GAF & SAF Convergent (Pearson r) r = 0.63 Strong physiological 
construct validity

Task Trunk Control in 
Developmental Sequencing

ASIA-LOWER LIMB, 
SCIM-III

Convergent (Pearson r) r = 0.65 Adequate construct 
validity

Sensorimotor Training ASIA-SCALE Convergent (Pearson r) r = 0.67 Good convergence with 
standardized tests

Ambulation and Locomotion 
Training

WISCI-II Convergent (Pearson r) r = 0.69 Strong functional validity

Vocational and Skill 
Enhancement Training

SCIM-III Convergent (Pearson r) r = 0.61 Satisfactory occupational 
validity

Table 6: Construct Validity of CAP

Construct validity of the Corticospinal Activation Protocol (CAP) 
was examined by testing the association between each CAP domain 
and established reference measures that assess similar underlying 
constructs in individuals with spinal cord injury. Across domains, 
convergent validity was supported by moderate to strong Pearson 
correlation coefficients (r ranging from 0.60 to 0.69), indicating 
that higher CAP performance was systematically related to 
better scores on standardized neurophysiological, functional, 
and participation scales. Cognitive Monitoring and Training 
showed adequate construct validity (r = 0.68) when correlated 
with neuropsychological and neurophysiological tests (MEPs, 
SSEPs), suggesting that the CAP items in this domain capture 
higher-order cognitive and monitoring functions relevant to SCI. 
CPG Activation and Training demonstrated good protocol specific 
validity (r = 0.60) against combined CPG activation measures 
(MEPs, SSEPs) and WISCI II, indicating that this domain reflects 
central pattern generator–related locomotor capacity.image.jpg

Autonomic Nervous System (ANS) Activation and Training 
revealed strong physiological construct validity (r = 0.63) with 
GAF and SAF scores, supporting that CAP elements in this domain 
are sensitive to autonomic functioning. Task Trunk Control in 
Developmental Sequencing correlated adequately with ASIA 
lower limb scores and SCIM III (r = 0.65), confirming that the 
developmental, proximal to distal structure of this domain maps 
onto standardized measures of trunk and lower limb function. 
Sensorimotor Training showed good convergence with the ASIA 
scale (r = 0.67), indicating that graded sensorimotor tasks in the 

CAP reflect neurological impairment levels captured by routine 
clinical examination. Ambulation and Locomotion Training 
displayed strong functional validity (r = 0.69) relative to WISCI 
II, underscoring that this domain is closely aligned with real world 
walking capacity. Finally, Vocational and Skill Enhancement 
Training demonstrated satisfactory occupational validity (r = 
0.61) against SCIM III, supporting its relevance to activity and 
participation outcomes.

Statistically, convergent construct validity was assessed primarily 
using Pearson correlation coefficients (r) between CAP domain 
scores and comparator tools, with higher coefficients interpreted as 
stronger evidence that both instruments measure related constructs. 
In some domains (e.g., CPG Activation and Training), intraclass 
correlation coefficients (ICC) were additionally considered to 
capture agreement and consistency where repeated or multi item 
measures were involved. Establishing construct validity is essential 
for confirming that the CAP is not merely a collection of exercises, 
but a theoretically coherent and psychometrically sound protocol 
that targets specific neurophysiological and functional constructs 
relevant to the SCI population. These findings strengthen the 
scientific foundation of the CAP and support its use as a structured, 
measurable, and clinically meaningful framework for corticospinal 
and systems level rehabilitation in spinal cord injury.

3.4. Phase III: A Pilot Testing to Establish the Criterion Validity
•	 Criterion Validity
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Aspect Description Application in CAP (Interventional Protocol)
Criterion Validity How well the CAP intervention effects correlate with a 

valid criterion or gold standard outcome measure.
Correlation of CAP-induced neural and functional 
improvements with established scales

Types of Criterion Validity -	 Concurrent validity: Improvement in CAP 
group aligns with benchmark measures during 
intervention period

-	 Predictive validity: CAP outcomes predict long-
term recovery success

Concurrent: CAP effects vs immediate corticospinal 
excitability changes 

Predictive: CAP rehabilitation gains vs future motor 
independence

Criterion (Gold Standard) Validated clinical or neurophysiological measures used 
to evaluate CAP outcomes

Spinal Cord Independence Measure (SCIM-III), Motor 
Evoked Potentials (MEPs) via TMS

Assessment Method Statistical analysis of CAP effects in comparison to 
control or criterion outcomes

Comparison of pre-post CAP intervention scores and 
correlation with gold standard tests

Table 7: Table Showing the Criterion Validity Testing Methodology

The pilot study was designed to examine the criterion validity 
of the Corticospinal Activation Protocol (CAP) by comparing 
its effects with those of activity-based therapy (ABT) plus 
conventional physiotherapy in individuals with traumatic, 
incomplete thoracolumbar spinal cord injury (D11–L2). In this 
context, criterion validity was operationalized as concurrent and 
predictive validity, using established neurophysiological and 
clinical outcome measures as external criteria. The concurrent 

aspect was addressed by assessing whether patients who received 
CAP demonstrated superior or at least comparable performance 
on sacral autonomic function, motor evoked potentials (MEP) of 
tibialis anterior, MEP/SEP amplitudes, and SSEP latencies, as well 
as ASIA lower limb scores, WISCI II, SCIM III, and autonomic 
function indices at the end of the 30-day intervention, relative to 
those who received ABT and conventional physiotherapy.

Code Age (years) Sex Type of SCI Level of injury Duration of injury
E1 42 Female Traumatic (fall from stairs) Thoracic (D11–D12) 3 years (30-05-2021)
E2 35 Male Traumatic (fall) thoracic (D4–D6) 2 weeks (01/2024)
E3 36 Male Traumatic (fall) Thoracic (D11–D12) 6 months old
E4 18 Male Traumatic (RTA) Lumbar (L3–L4) 2 months (01-12-2024)
E5 39 Male Traumatic (fall) Lumbar (L4–L5) 4 months old

Table 8: Baseline Demographical Data of Experimental Group (Group A)

Code Age (years) Sex Type of SCI Level of injury Duration of injury
C1 44 Female Traumatic (RTA) Thoracic (D11–D12) 9 years back
C2 30 Male Traumatic (fall from tree) Thoracic (D11–D12) 8 months back
C3 36 Male Traumatic (fall) Thoracic (D11–D12) 7 years old (2017)
C4 55 Female Traumatic (fall) Thoracic (D8–D12) 2 years old (08-03-2023)
C5 55 Male Traumatic (RTA) Thoraco-lumbar (D12–L1) 3 years old (28-03-2024)

Table 9: Baseline Demographical Data of Control Group (Group B)

Visual inspection of the group means indicates that the CAP group 
showed larger improvements across multiple neurophysiological 
markers (e.g., increased MEP and SEP amplitudes, reduced SSEP 
latency) and functional scales (ASIA motor scores, WISCI II, 
SCIM III, autonomic outcomes) compared with the control group 
over the same time period. These findings suggested that higher 
engagement with CAP is associated with better performance on 
validated criterion measures that reflect corticospinal excitability, 
sensory pathway integrity, locomotor capacity, and autonomic 
regulation, thereby supporting concurrent validity of the protocol. 
From a criterion-based perspective, the fact that CAP driven 

changes track in the expected direction and magnitude with 
established gold standard measures implies that the protocol is 
accurately capturing the constructs it is intended to influence in 
this population [16].

Although the small sample size (n = 5 per group) precludes 
definitive statistical inference, the consistent pattern of greater 
improvement in the CAP group across independent domains 
provides preliminary evidence of predictive validity as well. 
Patients exposed to CAP not only achieved better end point scores 
but also demonstrated changes that are clinically meaningful on 
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widely used functional and neurophysiological scales, indicating 
that early application of CAP may predict more favorable recovery 
trajectories when benchmarked against recognized outcome 
criteria. Thus, this pilot work supports the criterion (concurrent 

and preliminary predictive) validity of the CAP and justifies 
larger, adequately powered trials to confirm these relationships and 
further establish CAP as a valid, criterion referenced protocol for 
individuals with thoracolumbar spinal cord injury.

 
Graph 1: Graph Depicting the between Group Analysis of Asia-Lower Limb Motor Scores on Day 0, 

Day 15 and Day 30 Showing Significant Improvement in Group an Intervened with Corticospinal 

Activation Protocol 
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Graph 2: Graph Depicting the between Group Analysis of Asia-Lower Limb Light Touch Scores on Day 0, Day 15 and Day 30 Showing 
Significant Improvement in Group an Intervened with Corticospinal Activation Protocol
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Graph 2: Graph Depicting the between Group Analysis of Asia-Lower Limb Light Touch Scores on Day 

0, Day 15 and Day 30 Showing Significant Improvement in Group an Intervened with Corticospinal 

Activation Protocol 

 

 
Graph 3: Graph Depicting the between Group Analysis of Asia-Lower Limb Pin Prick Scores on Day 0, 

Day 15 and Day 30 Showing Significant Improvement in Group an Intervened with Corticospinal 

Activation Protocol 

 

Graph 3: Graph Depicting the between Group Analysis of Asia-Lower Limb Pin Prick Scores on Day 0, Day 15 and Day 30 Showing 
Significant Improvement in Group an Intervened with Corticospinal Activation Protocol

 
Graph 4: The Graph Depicts the between Group Analysis of WISCI-II Scores on Day 0, Day 15 and Day 

30 Showing Significant Improvement in Group an Intervened with Corticospinal Activation Protocol 

 

 
Graph 5: The Graph Depicts the between Group Analysis of SCIM-III Scores on Day 0, Day 15 and Day 

30 Showing Significant Improvement in Group an Intervened with Corticospinal Activation Protocol 

 

Graph 4: The Graph Depicts the between Group Analysis of WISCI-II Scores on Day 0, Day 15 and Day 30 Showing Significant 
Improvement in Group an Intervened with Corticospinal Activation Protocol
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Graph 4: The Graph Depicts the between Group Analysis of WISCI-II Scores on Day 0, Day 15 and Day 
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4. Discussion
4.1. Formulation
The formulation of the Corticospinal Activation Protocol (CAP) 
directly responds to key limitations of activity-based therapy 
(ABT) and conventional physiotherapy for spinal cord injury (SCI). 
Existing approaches are often heterogeneous, therapist dependent, 
and primarily focused on strengthening and compensatory 
task practice, with limited explicit targeting of corticospinal 
pathways, central pattern generators, or autonomic regulation 
[17]. They typically lack a unified conceptual framework, clear 
progression criteria, and systematic inclusion of higher order 
domains such as cognition and vocational reintegration, which 
restricts standardization, multi centre reproducibility, and rigorous 
evaluation in clinical trials [18]. In contrast, CAP was formulated 
as a mechanism based, multidomain protocol that integrates motor, 
sensory, autonomic, cognitive, and vocational components within 
a coherent neurophysiological framework. By operationalizing 
specific corticospinal activation strategies and linking each 
domain to defined neurophysiological and functional targets, CAP 
addresses unmet needs in SCI rehabilitation that are insufficiently 
covered by ABT and conventional physiotherapy.

4.2. Expert Validation
The expert validation phase further underscored the necessity and 
added value of CAP relative to existing rehabilitation practices. 
Specialists highlighted that current ABT and conventional 
protocols often omit logical developmental sequencing (e.g., 
proximal to distal control), provide limited guidance on intensity 
and progression, and rarely integrate autonomic and vocational 
goals in a structured manner. In evaluating CAP, experts judged 
its domains to be highly relevant to neuroplasticity and functional 
recovery, with near perfect agreement on the essentiality and clarity 
of its components, indicating strong content validity. Thematic 
feedback emphasized that CAP offers a more comprehensive and 
scientifically grounded framework than typical ABT programs, 

aligning closely with contemporary evidence on task specificity, 
repetition, and sensory rich training. This consensus supports the 
view that a validated, structured protocol such as CAP is needed 
to move SCI rehabilitation beyond fragmented, experience driven 
practice toward standardized, mechanism informed care.

4.3. Pilot Testing
Pilot testing provided preliminary empirical support for CAP and 
highlighted its potential advantages over ABT plus conventional 
physiotherapy, thereby reinforcing its clinical importance. In 
individuals with incomplete thoracolumbar SCI, the CAP group 
demonstrated greater improvements in neurophysiological 
markers (e.g., motor and somatosensory evoked responses, sacral 
and general autonomic function) and functional outcomes (ASIA 
lower limb scores, WISCI II, SCIM III) than the comparison 
group. This pattern suggests that a targeted corticospinal activation 
strategy may be more effective in driving meaningful neurological 
and functional change than non-standardized ABT and routine 
physiotherapy alone. Although the pilot sample was small, the 
consistency and multidimensional nature of the observed gains 
support the concurrent and preliminary predictive validity of 
CAP, indicating that it captures and promotes clinically relevant 
recovery processes. These findings argue for the importance 
of implementing validated, criterion referenced protocols such 
as CAP to overcome the inherent variability and mechanistic 
limitations of traditional ABT and conventional physiotherapy in 
SCI rehabilitation.

5. Conclusion
The present work resulted in the formulation, expert validation, and 
preliminary testing of a novel Corticospinal Activation Protocol 
(CAP) specifically designed for individuals with incomplete 
spinal cord injury. The protocol was developed from a strong 
neurophysiological and rehabilitative framework, systematically 
incorporating motor, sensory, autonomic, cognitive, and vocational 
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domains into a structured, progression-oriented program. Through 
a rigorous Delphi process, experts demonstrated almost perfect 
agreement regarding the relevance, clarity, and essentiality of 
CAP components, confirming robust content and face validity and 
highlighting its superiority over non-standardized activity-based 
therapy and conventional physiotherapy in terms of theoretical 
coherence and clinical completeness.

Construct validity analyses showed moderate to strong convergence 
between CAP domains and established neurophysiological 
and functional outcome measures, indicating that the protocol 
accurately targets the intended rehabilitation constructs. 
Additionally, pilot criterion validity testing in individuals with 
thoracolumbar incomplete injury suggested that CAP may 
confer greater gains in electrophysiological indices, locomotor 
performance, functional independence, and autonomic function 
than standard care. Although larger, adequately powered trials are 
required, these findings collectively support CAP as a feasible, 
mechanism based, and psychometrically sound protocol that can 
standardize corticospinal focused rehabilitation in spinal cord 
injury and provide a plat forms for future clinical research and 
guideline development [19-37].
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