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Abstract

STUDY DESIGN: Psychometric study.

OBJECTIVES: To introduce a novel, simple, tele-assessment tool designed to report the
level and severity of spinal cord injury (SCI) and to assess its reliability and validity.
SETTING: Two academic-affiliated rehabilitation facilities in Thailand.

METHODS: The Tele-Neurological Assessment for the level, severity, and completeness
of Spinal Cord Injury (TNASCI) was designed to assess the SCI level and severity
according to the International Standards for Neurological Classification of Spinal Cord
Injury (ISNCSCI) using telecommunication. This study comprised three phases: (1) the
development process involving three experts using the Delphi method, (2) a face validity
examination of each TNASCI item's comprehension and suitability, and (3) an evaluation
of the concurrent validity, intra-rater reliability, and inter-rater reliability using data from
40 participants with chronic SCI (>12 months post-injury).

RESULTS: The Thai version of TNASCI, was developed to contain four sections,
including sensory, motor, anorectal function, and summary sections to determine the SCI
level and severity grade. The assessment tool exhibited good face validity. When compared
with the ISNCSCI, the TNASCI showed good to excellent inter-rater and intra-rater
reliability, with an intraclass correlation coefficient (ICC) (2,1) of 0.791-0.941 and an ICC
(3,1) of 0.785-1.00, and good to excellent validity in almost all sections except for the
sensory-related components (r=0.764—0.986).

CONCLUSIONS: Our TNASCI tool, which was assessed by trained clinicians,
demonstrated acceptable inter-rater and intra-rater reliability, face validity, and concurrent

validity. It serves as an alternative tool to evaluate the SCI level and severity predominantly
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in people with chronic, motor-complete SCI who cannot be evaluated using the hands-on
ISNCSCI in person. However, this study is an initial step in validating a novel tele-
assessment tool, with future studies needed to confirm its utility in other conditions and

settings.

Keywords: Spinal cord injury, Assessment tool, Reliability, Validity, Telehealth
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Introduction

Spinal cord injury (SCI) is a life-altering condition with significant physical,
emotional, and social challenges. The consequences of SCI can be profound, ranging from
partial to complete loss of motor and sensory function below the injury level. Individuals
with an SCI may face mobility impairments, chronic pain, and numerous secondary
complications such as respiratory issues, bladder and bowel dysfunction, and pressure
injuries. Regular medical check-ups are essential for monitoring changes in the level and
severity of injury, managing complications, and adjusting treatment plans accordingly.
However, access to consistent medical care can be challenging for many individuals with an
SCI, especially those living in rural areas of countries with limited resources.

The International Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI) examination is universally acknowledged as the standardized tool for evaluating
spinal cord related neurological impairments and classifying the level and severity of the SCI
[1,2]. The ISNCSCI encompasses motor, sensory, and anorectal components and utilizes the
results of all components to determine the neurological level of injury (NLI) and the
American Spinal Injury Association (ASIA) Impairment Scale (AIS), as representative of the
SCI severity. However, the ISNCSCI is performed through a hands-on physical examination,
requiring variable time commitment dependent upon the patient clinical presentation. In
addition, this examination process is intricate and must be conducted by clinicians possessing
specialized training in the field [3]. Although alternative approaches have been suggested to
alleviate the burden associated with the ISNCSCI examination, they still require a trained

examiner [4].
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Telehealth, which has become widespread in recent years, has facilitated broad access
to health services for individuals with chronic disease, including SCI. This includes various
clinical applications, such as telemedicine, telerehabilitation, and tele-assessment [5]. The
term "tele-assessment" commonly refers to a practice of remotely conducted assessments,
evaluations, or examinations using telecommunication technology [6]. This approach
provides significant benefits for health services, including removing physical barriers for
individuals in remote areas, those with limited mobility, or those facing accessibility
challenges in reaching assessment centers and eliminating the need for travel time and
expenses. Additionally, healthcare practitioners can deliver their services at their
convenience, ensuring uninterrupted and seamless continuity of assessment services [5, 7, §].

To remove barriers regarding the requirement for a physical examination, many
studies have developed and applied self-reporting tools and questionnaires as an alternative
method to obtain data related to the spasticity and anorectal functions in people with an SCI
[9-13]. However, data collected by most self-reported measures do not align with the
ISNCSCI because they only categorize injuries in a binary manner, e.g., paraplegia vs
tetraplegia or complete vs incomplete injuries. Additionally, the accuracy of self-reported
injury levels and severity has been found to be low, the measures may not have sufficient
sensitivity to detect changes in the characteristics of SCI, and recalling specific details may
be difficult for the examinees [14]. Despite these challenges, self-reporting is a valuable
method to collect data from large groups with fewer resources than those required for the
ISNCSCI examination.

In this study, we present the initial development and validation of the Tele-

Neurological Assessment for the level, severity, and completeness of Spinal Cord Injury
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(TNASCI), designed to serve as a practical and accessible tele-assessment tool. Given the
growing need for remote clinical evaluations, especially in resource-limited or
geographically dispersed settings, this foundational study serves as a first step in a broader
research agenda aimed at refining and validating the TNASCI. Therefore, it is timely to
develop a self-reported tool to determine the level and severity of SCI according to the
ISNCSCI by designing a pre-specified set of validated questions rather than solely relying
on self-reporting [14]. This assessment tool could be used for tele-assessment because it can
remove the physical barriers of people with SCI who have mobility limitations. Therefore,
this study aimed to design, develop, and assess the reliability and validity of our tele-
assessment tool, the TNASCI, by comparing it with data obtained from a same-day clinical

(ISNCSCI) examination.

Methods

This study was approved by the Human Research Ethics Committee of Chulabhorn
Research Institute (No. 129/2564) and Research Ethics Committee Panel 5, Faculty of
Medicine, Chiang Mai University, Thailand (No. 391/2022). The principles of the
Declaration of Helsinki were followed in this study. All participants in each phase received
a comprehensive explanation of the study's purpose and procedures and provided informed
consent by signing a consent form.

This study comprised three phases. Phase I involved the TNASCI development
process. Phase II examined the face validity of the TNASCI. Phase III examined the

concurrent validity, intra-rater reliability, and inter-rater reliability of the TNASCI.
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Phase I: development of the TNASCI
This phase aimed to develop the TNASCI tool by gathering items related to the level
and severity of SCI. It consisted of three methods:
1. Literature search: This was performed to select suitable sensory and motor
items from the standard clinical (ISNCSCI) examination [1, 2] and an

interview version of the anorectal portion of the ISNCSCI [9].

2. Adaptation: After selecting items from existing assessments, the researchers
brainstormed to identify and adapt potential items that were practical for use
in tele-assessment. The first version of the TNASCI was developed in this

phase.

3. The first version of the TNASCI was reviewed and assessed for its content
validity by three experts, using the Delphi method [15]. The Delphi method,
a structured communication technique, is widely used in health sciences
research to identify priorities, establish clinical guidelines, and reach
consensus on critical issues. It is particularly effective in addressing

fundamental healthcare questions through expert opinion [16].

All three experts completed the ASIA International Standards Training e-
Learning Program (InSTeP) and reviewed the updated ISNCSCI 2019 version
prior to participating in the study. The experts independently reviewed the
TNASCI, and their responses were collected and summarized by a researcher.
The summarized feedback, stripped of individual identifiers, was shared with

the experts, allowing them to revise their responses based on the group’s

10
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input. This iterative process continued for two rounds until consensus was
achieved. The definition of ‘expert’ in this context was rigorous [17, 18],
referring to rehabilitation physicians with over a decade of experience in SCI,
up-to-date knowledge of ISNCSCI, and daily clinical practice implementing
these standards in a manner consistent with lab proficiency, ensuring accurate

application.

Phase II: face validity of the first version of the TNASCI

This phase aimed to assess the face validity of the first version of the TNASCI,
focusing on the comprehension and suitability of each item within the assessment tool.
Participants

Forty eligible participants with traumatic and non-traumatic SCI were recruited to
participate in this study phase. The inclusion criteria stipulated participants be over 18 years
old and diagnosed with an SCI for more than 12 months (chronic SCI). The exclusion criteria
encompassed cognitive, speech, or language impairments hindering verbal communication
and comprehension, as well as a history of spine surgery within the past 3 months.
Procedures

The Phase II study was performed between January 2023 and ended in June 2023.
Participants were invited to participate in this phase and were provided with information
about the study's purpose and procedures. They were asked to complete the TNASCI
developed in phase I (first version) through tele-assessment. This involved utilizing a
freeware app designed for real-time electronic communication, enabling both audio calls and

transmission of assessment-related images. Participants were examined by researchers who

11
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were physical therapist with a completed InSTeP training certificate. During the assessment,
the researcher guided the patient through the questions, clarified any points if the patient
appeared confused, and recorded the participant's scores. Participants were required to assess
the level of understanding of each item using a scoring system: +1 indicated clear
understanding and suitability for measurement, 0 indicated unclear understanding, and —1
indicated a lack of understanding and unsuitability for measurement. If participants rated an
item as 0 or —1, they were asked to identify the problems and propose solutions.

After completing phase II, the final version of the TNASCI was developed, which
consisted of four sections:

1. The sensory section comprised an illustration of the anatomical locations on the
body illustrating each dermatomal (C2 to S4-5) segment and items collecting
participants' sensory data with corresponding explanations. In this section, the
researchers described specific body areas and explained the sensory rating system
(normal, abnormal, or absence of feeling) to the participant. Participants were
asked about their sensation and to identify the transition points between “normal
and abnormal sensation”, “abnormal and absence of feeling”, or “normal and
absence of feeling” in relation to the illustration of the body on both the left and
right sides. The researchers then inquired about the sensation in areas above and
below the segments to confirm the participants' responses on each side. The
researcher also asked whether the sensation in the testing area felt similar to what
participants typically experience on both sides of their cheeks, as well as their
ability to distinguish between sharp and dull stimuli or light touch when their skin

was touched. Normal sensory function was reported if the sensation felt similar to

12
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what they normally experience on both sides of their cheeks, and they were able to
distinguish between sharp and dull stimuli or light touch. Abnormal sensory
function was reported if the sensation felt stronger or weaker than usual on both
sides of their cheeks, or if participants were unable to differentiate between sharp
and dull stimuli or light touch. Although information on light touch and sharp/dull
discrimination was collected, it was not directly applied in the current design.
Instead, these responses were used to validate participants' perceptions of sensory
transitions, categorized as "normal," "abnormal," or "absent," at key dermatomal

points. The specific injury level on both sides was summarized by researchers.

2. The motor section of the TNASCI included a detailed description of the muscle
strength grading system, ranging from 0 to 5 (0 = no muscle contraction; 1 = flicker
of contraction or partial range of motion with gravity eliminated; 2 = full range of
motion with gravity eliminated; 3 = full range of motion against gravity; 4 = full
range of motion against gravity with moderate resistance; 5 = full range of motion
against gravity with maximum resistance). Additionally, an illustration depicted the
specific movements associated with each myotome (C5-T1 and L2—S1).
Participants were asked to review the illustration and rate their muscle strength in

each myotome on both sides.

The motor assessment began by asking participants if they could recall performing
the specified movement with full range of motion against gravity (grade 3). If
participants confirmed this, they were then asked to imagine performing the

movement against partial resistance (grade 4) or maximal resistance (grade 5). If
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participants reported an inability to perform grade 3, the researcher would guide
them to imagine performing the movement horizontally (grade 2) or check for a

flicker of muscle contraction in the specific area of interest (grade 1).

Given that the initial inquiry for each motor test started at grade 3, the lower limb
illustrations were presented in a vertical plane to enhance participants'
comprehension. Descriptions for grades 1 and 2 were specifically emphasized to

ensure participants could accurately recall and assess their motor function.

The use of vertical plane illustrations for lower limbs aligns with the rapid
screening approach adopted from the Expedited ASIA ISNCSCI Exam (E-
ISNCSCI) [19], which allows testing in a sitting position if necessary. Similarly,
since TNASCI utilizes a remote, interview-based method, participants were
allowed to engage from a convenient position (sitting or supine lying). Their
responses relied on their recollection and interpretation of their motor function,

without the need for physical demonstration during the interview.

3. The anorectal section comprised three questions related to anorectal function:

a. QI: Do you feel any touch sense around your anus?

b. Q2: Do you feel any internal sensation in your rectum when a finger or object

1s inserted for bowel care?

c. Q3: In your daily activities, are you able to consciously tighten the muscles

around your anus to control passing gas or prevent leakage of stool?

14
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This section was reported solely by the participants, without any input from the
researchers, ensuring that the data was based entirely on the participants' self-

assessment of their anorectal function.

4. The summary section comprised tasks to be completed by the assessor,
encompassing condensed details about the neurological level of sensory and motor
function on both sides, a single NLI, completeness, AIS, and the zone of partial

preservation for sensory and motor function on both sides.

Phase IlI: concurrent validity, intra-rater reliability, and inter-rater reliability of the
TNASCI
Participants

Forty eligible participants with traumatic and non-traumatic SCI, who were not
included during Phase II, were conveniently recruited from Maharaj Nakorn Chiang Mai
Hospital, Chiang Mai, Thailand, to participate in this phase of the study. Participants with
SCI were included and excluded according to the criteria described in phase II.
Procedure

Phase III of the study was conducted between December 2023 and March 2024.
Participants were approached and invited to participate in this phase. They were informed of
the objective and details of the research and asked to provide informed consent upon
agreement to participate. In this phase, participants were asked to complete a self-
administered questionnaire for demographic data, i.e. age, sex, marital status, education level,
work status, income, living conditions, causes of injury, and use of assistive devices. Then,

they were asked to undertake the ISNCSCI and TNASCI examinations in a random order.
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Participants were assigned to the ISNCSCI and TNASCI assessments using a simple
randomization method based on enrollment sequence. Specifically, individuals with odd-
numbered enrollment codes were allocated to the ISNCSCI assessment first, followed by the
TNASCI tele-assessment, while those with even-numbered codes were assigned to the
TNASCI assessment first, followed by the ISNCSCI assessment. This approach ensured an
unbiased and evenly distributed allocation across the two groups and was designed to
minimize potential assessment bias related to the order in which evaluations were conducted.
For the ISNCSCI, participants underwent examination by a neurological rehabilitation
physician with over 10 years of experience in SCI rehabilitation and who had completed the
asynchronous online InSTeP training. The examiner was blinded to self-reported data
throughout the study. For the TNASCI, participants were instructed to undertake the
TNASCI developed in phase II (final version), which was administered by the first and
second researchers through tele-assessment, with a minimum 3-hour rest period between
trials to avoid potential recall bias. Then, the first researcher completed the tele-assessment
(TNASCI) using the same protocol 1 week later. Each of the raters performed the assessment

independently and was blind to the scores of the other raters.

Statistical Analysis

Analysis was conducted using SPSS (Version 27.0, IBM Corp., Armonk, NY, USA).
Descriptive data are presented as frequencies and percentages for categorical variables and
as medians and ranges or means and standard deviations for continuous variables as

appropriate.
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For phase II, the index of item objective congruence (I0OC) was used for face validity
analysis. An IOC value higher than 0.5 was considered acceptable validity [20].

For phase III, the inter-rater and intra-rater reliability were assessed using the
interclass correlation coefficient (ICC). The ICC model (2,1) is used in studies aiming to
assess generalizable reliability across different raters and was applied to measure inter-rater
reliability. In contrast, the ICC model (3,1) is intended for evaluating reliability among
specific, non-generalizable raters and was utilized to assess intra-rater reliability. ICC values
below 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90 indicate poor,
moderate, good, and excellent reliability, respectively [21, 22]. The concurrent validity
between the TNASCI and ISNCSCI examinations was determined using Spearman’s
correlation coefficient. The difference of scores between the TNASCI and the ISNCSCI were
calculated for accuracy. To compare the neurological levels of injury between the TNASCI

99 ¢¢

and ISNCSCI assessments, we categorized the differences as “higher,” “equal,” or “lower.”
A result was considered “higher” if the neurological level identified by the ISNCSCI was
one or more levels above (i.e., more rostral than) the level identified by the TNASCI. For
example, if the ISNCSCI determined the motor level at T2 and the TNASCI determined it at
T4, this would be classified as “higher.”. “Equal” indicated that both assessments identified

the same neurological level. “Lower” was used when the ISNCSCI identified a level one or

more segments below (i.e., more caudal than) the level identified by the TNASCI.
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Ethical considerations

The study was approved by the Human Research Ethics Committee of Chulabhorn
Research Institute (No. 129/2564) and Research Ethics Committee Panel 5, Faculty of
Medicine, Chiang Mai University, Thailand (No. 391/2022). Each participant was informed
of the purpose, procedure, risks, and study details and consequently signed an informed
consent form. We certify that all applicable institutional and governmental regulations

concerning ethics were followed during course of this research.
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Results
Phase I: TNASCI development process

The first version of the TNASCI was developed and reviewed in accordance with the
Delphi method guidelines. During the first Delphi round, three experts reviewed the TNASCI
items and provided feedback and suggestions. The primary recommendations of the three experts
included adding detailed descriptions and explanations for specific items. Additionally, editing
images to illustrate movements to assess muscle strength was suggested to enhance user clarity.
After incorporating revisions based on the collective feedback, a consensus was achieved during
the second Delphi round. As a result, the pre-final version of the TNASCI was developed.
Phase II: face validity of the pre-final version of the TNASCI

Forty individuals participated in this study phase. Participants completed the assessment
through tele-assessment using their electronic devices (smartphones and tablets). For all 51 items,
face validity for the developed assessment reached an IOC of 0.937 (range 0.80—1.00), which
indicated excellent validity. The pre-final version of the TNASCI was revised to include clearer
instructions and an enhanced interface design to address participants' confusion in locating specific
landmarks to identify key sensory points. Additionally, the language was simplified to improve
accessibility for individuals with limited literacy. These changes were incorporated into the final
version of the TNASCI. The finalized English-translated version of the TNASCI and its instruction
for assessor is presented in Appendix A and the English version of user interface for visual
integration is provided in Appendix B.
Phase III: concurrent validity, intra-rater reliability, and inter-rater reliability of the TNASCI

A total of 40 participants completed the final version of the assessment, with 62.5% male

participants and a mean age of 44.52+10.2 years. The mean SCI duration was 15.6 years. Most
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participants (75.0%) had education levels at or above upper secondary school, and 67.5% of
participants had injuries at the thoracic and lumbar spine level. Moreover, most participants
(97.5%) had SCI from traumatic etiologies. The TNASCI assessment took no more than 15
minutes to complete during tele-assessment sessions, regardless of their group assignment or
whether it was conducted before or after the ISNCSCI assessment. This 15-minute duration
includes the full process, including the time participants spent reviewing the preparatory materials

before the session. Table 1 shows the characteristics of participants with spinal cord injury.

Inter-rater reliability, intra-rater reliability, and concurrent validity of the TNASCI

Regarding intra-rater reliability, the ICC (3,1) value of the final version of the TNASCI
ranged between 0.785 and 1.000 (P<0.001) for different components. For the inter-rater reliability,
the ICC (2,1) value of the final version of the TNASCI was 0.791-0.941 (P<0.001). Very strong
correlations were observed between the ISNCSCI examination and the final TNASCI for sensory
level, motor level, anorectal function, NLI, completeness, severity (AIS), and zone of partial
preservation (ZPP) of the sensory and motor levels (0=0.764—0.986; P<0.001). Table 2 shows the
inter-rater and intra-rater reliability and concurrent validity of the final version of the TNASCI
(n=40). Furthermore, a subgroup analysis comparing outcomes based on the assessment order
(ISNCSCI first vs. TNASCI first) revealed no significant differences across all measured

outcomes, indicating that the sequence of assessments did not influence the results.
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Accuracy of the TNASCI

The TNASCI demonstrated congruence with the ISNCSCI (+/- 1 segment level) in
approximately 80-90% (n=32-36) of cases for the NLI, motor level, and ZPP of the motor
level. Excellent accuracy was observed for anorectal function, completeness, and severity
(AIS) ranging from 90.0% to 97.5%. However, the accuracy of the TNASCI in determining
the sensory level and ZPP of the sensory level was low to moderate, ranging from 40% to 50%,

compared with that of the ISNCSCI (Table 3).

21



Development of the tele-neurological assessment for the level, severity, and
completeness of spinal cord injury (TNASCI): reliability and validity

Discussion

In the present study, we developed and evaluated the face validity and reliability of a
tele-neurological assessment for the SCI level and severity in mostly individuals with chronic,
motor-complete SCI. Additionally, we investigated the concurrent validity of the TNASCI by
comparing the results with data gathered from a standard clinical (ISNCSCI) examination.
Development of the TNASCI initially involved choosing items from existing assessments and
generating new items (user interface and descriptive guidance designed to assist participants
with SCI in recalling their sensory and motor functions) designed to obtain accurate data
through tele-assessment. Subsequently, the TNASCI was reviewed by three experts and was
revised according to their feedback. Then, the TNASCI underwent an evaluation of its face
validity, which demonstrated excellent results. The findings of this study suggest that the
TNASCI exhibited good to excellent inter- and intra-rater reliability in individuals with chronic
SCI. We found excellent correlations between the final version of the TNASCI and the
ISNCSCI examination for sensory level, motor level, anorectal function, NLI, severity, and
ZPP of the sensory and motor levels. Excellent accuracy was observed for anorectal function
and severity (AIS). Regarding the motor level and ZPP of the motor level of the TNASCI,
55.0% to 62.5% of participants selected the same level as that for the ISNCSCI. However, for
the NLI, sensory level, and ZPP of the sensory level, 40.0% to 52.5% of participants rated the
TNASCI the same as the ISNCSCI.

In the reliability analysis, the TNASCI showed good to excellent inter-rater and intra-
rater reliability. Reliability evaluates the degree to which scores remain consistent and can be
reproduced. Previous studies have indicated that SCIM III administered via interview shows
higher reliability and accuracy compared to direct observation. Moreover, they suggest that
using the original SCIM III form in interviews may offer advantages over self-reported SCIM,

although this has not yet been empirically tested for total agreement or accuracy [23, 24].
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During the TNASCI assessment, researchers conducted interviews and exchanged images of
each item to evaluate sensory and motor levels through a dedicated application. Participants
could then select the condition that best aligned with their experiences or preferences. A
previous study showed that prioritizing for visual learning has a tremendous effect on
promoting information retention and rapid recall abilities [25]. Consequently, participants can
comprehend the details of each item accurately and easily, resulting in reproducible responses.

The TNASCI demonstrated good to excellent validity in various aspects, including
sensory level, motor level, anorectal function, NLI, completeness, severity, and ZPP of the
sensory and motor levels, compared with the ISNCSCI. However, its excellent accuracy was
observed specifically for anorectal function, completeness, and severity. In this study, self-
report anorectal function was utilized to interpret the completeness and severity of the
TNASCI. Most participants demonstrated high accuracy in responding to the anorectal function
part of the TNASCI compared with that of the ISNCSCI examination. Our results are consistent
with those of a previous study, indicating that an interview-based approach to the anorectal
portion of the ISNCSCI shows substantial agreement with the standard ISNCSCI [9]. Previous
studies also showed that self-report of deep anal pressure was correct for 86% of participants,
while self-report of voluntary anal contraction was correct for 82% [14]. Participants diagnosed
with SCI in this study may have undergone the ISNCSCI examination multiple times during
post-acute rehabilitation admission, at least once a year, and additionally if any changes in
neurological status were suspected. As a result, they might recall their previous examination
experiences, which potentially introduced recall bias into the development of our assessment
tool. The participants in this study were assigned to undergo the examinations in a random
order. However, our findings indicated that more than 95% of participants' responses to the

anorectal function of the TNASCI aligned with their ISNCSCI assessments. Hence, the
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TNASCI should be valuable for evaluation of anorectal function and determining completeness
and severity in individuals with chronic SCI.

Although our findings indicated good to excellent validity for the sensory level, motor
level, NLI, and ZPP for both the sensory and motor levels, the accuracy was moderate. These
results are inconsistent with those of a previous study [ 14], in which Furbish et al. demonstrated
that only 25% of participants showed a match between self-reported specific injury level and
the clinical level determined by the standard ISNCSCI examination, indicating very low
accuracy. However, our results indicated that approximately 50% of participants provided
correct responses for the sensory level, motor level, NLI, and ZPP of the sensory and motor
levels. Additionally, 80-90% of participants reported accuracy within +/- 1 segment. This
higher correct percentage could be attributed to the TNASIC protocol. In the TNASCI, during
both sensory and motor assessments, participants were presented with images of each
assessment item and given the chance to review them before providing their responses. These
images may contribute to visual learning, significantly enhancing information retention and
facilitating rapid recall abilities [25].

Previous studies have developed various tools to assess conditions such as spasticity,
health issues, or anorectal sensation through self-reported measures [9-13]. These tools have
contributed significantly to understanding patient experiences and outcomes in SCI research.
However, our approach using the TNASCI tool represents a departure from these methods.
Unlike self-reporting tools, the TNASCI is specifically designed for use by clinicians to
facilitate and guide individuals with SCI to systematically report their sensory, motor, and
anorectal functions, combined with the clinician-evaluated level and determination of SCI
severity. The TNASCI also follows the structured guidelines outlined in the ISNCSCI.
However, according to the ISNCSCI protocol, our tele-assessment faced some limitations in

evaluating certain aspects, such as sensory assessment without tools, using the face as a
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reference, testing position. To address this, we provided detailed descriptions to the participants
in each section and included images for each assessment item, allowing them to ask for further
details and review the images before responding. This adherence ensures that assessments are
standardized and reliable across different clinical settings, enhancing the credibility and
consistency of the evaluation process. By integrating clinical oversight, the TNASCI could
minimize the subjective bias and variability that may occur with self-reported measures,
thereby providing more accurate and objective assessments of sensory and motor functions in
individuals with SCI.

Based on the findings from this initial proof-of-concept phase—particularly the
demonstrated reliability of the TNASCI tool predominantly in individuals with chronic, motor-
complete spinal cord injuries—these results provide a strong foundation for continued
development. The successful validation in this specific group strengthens our confidence in the
tool’s potential to assess spinal cord injury severity and completeness remotely. Encouraged
by these promising outcomes, the next step in our research agenda is to validate the TNASCI
in a larger, more diverse population, including individuals with acute/subacute and incomplete
SCI. This expanded validation will not only assess the tool's applicability in broader clinical
contexts but also examine its performance across various healthcare settings, with a particular
emphasis on its cross-cultural adaptation. It is crucial that the tool is refined to ensure cultural
sensitivity and relevance, which will enhance its generalizability and utility in global, resource-
limited settings. Additionally, future studies will explore the tool’s long-term reliability and its
potential to detect subtle changes in neurological status over time, which is important for
clinical follow-up and remote monitoring.

Clinical implications
The TNASCI demonstrated good to excellent reliability, particularly in individuals with

chronic, motor-complete SCI, and showed strong face, content, and concurrent validity.
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Clinical experts rated the tool as clear, relevant, and comprehensive. TNASCI may offer a
practical adjunct for re-evaluating SCI classification variables, especially in remote or
underserved settings where in-person ISNCSCI assessment is not feasible.

However, limitations must be acknowledged. Individuals with chronic SCI may
inaccurately report their neurological level or rely on outdated diagnostic information, as
highlighted in prior studies [14]. Additionally, the development of TNASCI was based on a
relatively small expert panel, which may limit generalizability. Therefore, TNASCI should be
used in conjunction with standard assessments until further validation is achieved
Future work

The development of TNASCI aims to validate the concept that screening for the level
and severity of SCI can be conducted remotely. This initial version excludes certain elements,
such as report on non-key motor functions, non-SCI conditions, non-SCI limiting impairments,
and non-testable items [2]. These all can have bearing on scoring. Future research should
incorporate these aspects to enhance the tool’s comprehensiveness and improve result
interpretation across diverse clinical settings.

Regarding research implications, further external validation of the tool is essential. This
includes testing the tool in different domains and geographic locations to ensure its
applicability across diverse populations. Additionally, translating the tool and the interview
dialogue from Thai to other languages will help assess its effectiveness in various cultural and
linguistic contexts. Such steps are necessary to confirm the tool's robustness and to refine it
based on feedback from a broader range of participants.

Limitations

This study had several methodological limitations. First, the TNASCI examination in

this study was conducted by clinicians with ISNCSCI experience. Therefore, extrapolation of

our results to examiners who have not undergone ISNCSCI training should be performed with
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caution. However, this assessment tool was originally designed for untrained examiner. Future
studies should focus on evaluating its use with examiners who have not undergone any formal
training. Second, this study recruited participants through convenience sampling, resulting in
a low number of participants with incomplete lesions. The high prevalence of participants with
complete lesions may affect the precision of the results. Future studies should strive to include
a larger cohort of participants with incomplete lesions to strengthen the reliability of the
findings. Third, this study enrolled mostly individuals with chronic, motor-complete SCI, with
an average of more than 15 years post-injury, who generally have a stable neurological status.
Therefore, further investigations to confirm the performance of the TNASCI for acute or
incomplete SCI conditions should be conducted before applying it to individuals with
acute/subacute and incomplete SCI. Moreover, the study participants were recruited from a
specialized SCI unit, which likely provided them with more comprehensive information and
care than that provided to the general SCI population. This sampling bias could limit the
generalizability of the findings to broader and more diverse patient populations. Additionally,
while data on specific sensory modalities such as light touch and sharp/dull discrimination were
collected, they were not directly incorporated into the current tool design, potentially limiting
its ability to provide detailed insights into specific sensory pathway functions. Furthermore,
both TNASCI examiners observed that some participants with cervical injury levels initially
struggled to directly focus and identify impairments in their arms during the sensory
assessment. Instead, they tended to report impairments starting from the armpit (T2 level)
downwards. This observation suggests that a guiding statement may be necessary to provide
direct support to participants with cervical injury levels, aiding in their interpretation of the
TNASCI protocol script. In addition, a significant constraint in delivering telehealth services
is its inapplicability to individuals with low technological literacy or in areas lacking internet

accessibility. Moreover, it is important to acknowledge that elderly individuals and those with
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cervical injury levels may require additional assistance to facilitate smooth communication
while participating in telehealth services. Next, in this study, the Thai version of the TNASCI
was used throughout all phases, while the English version was prepared specifically for this
manuscript. Therefore, a cross-cultural translation of the TNASCI is recommended to enable
its broader use across diverse participant groups. Moreover, during the Delphi process in Phase
I, a panel size of three was deemed appropriate due to time and financial constraints, the limited
number of Thai SCI experts, and challenges related to data collection and management [26].
Smaller panel sizes help prevent participant dropout and enhance response stability across
multiple rounds, increasing the study’s overall success. However, it is important to note that
such a small panel size may reduce stability and allow individual experts to exert a significant
influence on the outcomes [16, 27]. Furthermore, it should be noted that the reported average
assessment time of approximately 15 minutes was based on a sample composed primarily of
individuals with motor-complete SCI. In clinical settings involving individuals with motor
incomplete injuries, the assessment may require additional time due to the need for more
detailed neurological evaluation. Finally, the sequence of assessments (TNASCI and ISNCSCI
examinations) was randomized. Participants may retain a general recollection of the sensations
experienced during the ISNCSCI examination, particularly if it was conducted before the
TNASCI, thus potentially introducing recall bias. However, it is important to note that

participants were not provided with, nor were they aware of, their ISNCSCI assessment scores.

Conclusions

The TNASCI was developed as an alternative method to assess the level, severity, and
completeness of SCI, offering convenience and eliminating the necessity for travel, which is
especially beneficial for participants with SCI who face mobility challenges. This tool, which

was assessed by a trained clinician, demonstrated good to excellent inter-rater and intra-rater
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reliability across all aspects, mostly among individuals with chronic, motor-complete SCI.
Excellent validity and accuracy were found for anorectal function, completeness, and severity
(AIS). Good validity and moderate accuracy were found for the sensory level, motor level,
NLI, and ZPP for both the sensory and motor levels. The results obtained from this proof-of-
concept phase provide a strong foundation for advancing the development of the TNASCI. The
next steps involve validating the TNASCI in more diverse populations (acute/subacute and
incomplete SCI), with a focus on cross-cultural adaptation and broader clinical applicability.
These efforts will help confirm the tool’s utility in various healthcare settings and further

establish its role in remote assessment of SCI.
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Table 1: Characteristics of participants with spinal cord injury (n=40).

Characteristics N (%) Mean (SD)
Age (years) 44.52 (10.20)
Sex

Male 25 (62.5)

Female 15 (37.5)
Duration of injury (years) 15.60 (9.89)
Marital status

Single 23 (57.5)

Married 9(22.5)

Widowed 2(5.0)

Divorced 6 (15.0)
Education level

Primary school (grade 1-6) 5(12.5)

Lower secondary school (grade 7-9) 5(12.5)

Upper secondary school (grade 10-12) 17 (42.5)

Vocational Certificate 4(10.0)

Bachelor’s degree 9 (22.5)
Work status

Working 29 (72.5)

Retired 1(2.5)

Not currently working 10 (25.0)
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Income per month

<9,999 baht (<290 USD) 19 (47.5)
10,000-29,999 baht (290-872 USD) 10 (25.0)
30,000-49,999 baht (873-1454 USD) 3(7.5)
>50,000 baht (>1454 USD) 8 (20.0)

Type of community
Rural area 13 (32.5)

Urban area 27 (67.5)

Type of residence

Apartment 2(5.0)
House 35 (87.5)
Commercial building 1(2.5)
Shared room 1(2.5)
Handicap center 1(2.5)
Caregiver
Family caregiver 25 (62.5)
Professional caregiver 2(5.0)
None 13 (32.5)
Level of injury
Cervical 13 (32.5)
Thoracic and lumbar 27 (67.5)

AIS (determined by self-reported questionnaire)

AIS grade A 5(12.5)
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AIS grade B 1(2.5)
AIS grade C 2(5.0)
AIS grade D 0(0.0)
AIS grade E 0(0.0)
Not sure 32 (80.0)

AIS (determined by physician using the ISNCSCI)

AIS grade A 31(77.5)
AIS grade B 6 (15.0)
AIS grade C 2 (5.0)
AIS grade D 1(2.5)
AIS grade E 0(0.0)

Activities of daily living

Dependent 1(2.5)
Partially dependent 18 (45.0)
Independent 21 (52.5)

Causes of injury

Road-traffic related 33 (82.5)
Fall 6 (15.0)
Threatening disease 1(2.5)

Assistive devices

Powered wheelchair 8 (20.0)
Manual Wheelchair 31(77.5)
None 1(2.5)
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SD: standard deviation, AIS: American Spinal Injury Association Impairment Scale,

ISNCSCI: International Standards for Neurological Classification of Spinal Cord Injury

version 2019
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Table 2 Inter-rater and intra-rater reliability and concurrent validity of the final version of the TNASCI (n=40).

Inter-rater reliability™

Intra-rater reliability*

Concurrent validity*

Variable
ICC (2,1) 95% CI ICC (3,1) 95% CI 0

Sensory level

Right 0.808 0.667 to 0.893 0.785 0.629 to 0.880 0.809

Left 0.802 0.657 to 0.890 0.819 0.684 to 0.900 0.909
Motor level

Right 0.873 0.773 t0 0.931 0.874 0.774 t0 0.931 0911

Left 0.849 0.734 t0 0.917 0.831 0.703 to 0.907 0.986
Anorectal function

Sensation 0.823 0.688 to 0.903 1 - 0.929

Pressure perception 0.87 0.767 t0 0.929 0.933 0.876 to 0.964 0.933
Co\;frggz;y anal 0.791 0.641 to 0.884 1 - 0.806
NLI 0.865 0.760 to 0.926 0.876 0.778 t0 0.933 0.883
Completeness 0.87 0.767 t0 0.929 0.863 0.756 t0 0.925 0.933
Severity (AIS) 0.941 0.891 to 0.968 0.981 0.964 to 0.990 0.947
ZPP of sensory level

Right 0.812 0.673 to 0.895 0.942 0.893 to 0.969 0.899

Left 0.811 0.673 to 0.895 0.943 0.896 t0 0.970 0.901
ZPP of motor level

Right 0.866 0.762 to 0.927 0.957 0.920 to 0.977 0.764

Left 0.864 0.759 t0 0.926 0.954 0.9151t0 0.976 0.866
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* The p-values for all variables are <0.001, indicating a very strong statistical significance.
TNASCI: Tele-Neurological Assessment for the level, severity, and completeness of Spinal Cord Injury, CI: confidence interval, NLI:

a single neurological level of injury, AIS: American Spinal Injury Association Impairment Scale, ZPP: the zone of partial preservation
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Table 3 Accuracy of the final version of the Tele-Neurological Assessment for the level,
severity, and completeness of Spinal Cord Injury (TNASCI) vs the International Standards for

Neurological Classification of Spinal Cord Injury (ISNCSCI) examination.

Difference between the TNASCI and ISNCSCI N (%)
Sensory level
Right Higher >3 0 (0.0)
Higher 2 2(5.0)
Higher 1 8 (20.0)
Equal 20 (50.0)
Lower 1 5(12.5)
Lower 2 1(2.5)
Lower >3 4(10.0)
Left Higher >3 2 (5.0)
Higher 2 3(7.5)
Higher 1 8 (20.0)
Equal 19 (47.5)
Lower 1 5(12.5)
Lower 2 0(0.0)
Lower >3 3(7.5)
Motor level
Right Higher >3 0(0.0)
Higher 2 2 (5.0)
Higher 1 8 (20.0)
Equal 23 (57.5)
Lower 1 5(12.5)
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Lower 2 1(2.5)
Lower >3 1(2.5)
Left Higher >3 2 (5.0)
Higher 2 4(10.0)
Higher 1 6 (15.0)
Equal 22 (55.0)
Lower 1 6 (15.0)
Lower 2 0(0.0)
Lower >3 0(0.0)
Anorectal function
Sensation Equal 38 (95.0)
Pressure perception Equal 39 (97.5)
Voluntary anal contraction Equal 39 (97.5)
NLI Higher >3 0(0.0)
Higher 2 3(7.5)
Higher 1 8(20.0)
Equal 21 (52.5)
Lower 1 6 (15.0)
Lower 2 1(2.5)
Lower >3 1(2.5)
Completeness Equal 39 (97.5)
Severity (AIS) AIS grade A 30/31 (96.8)
* TNASCI / ISNCSCI AIS grade B 3/6 (50.0)
AIS grade C 2/2 (100.0)
AIS grade D 1/1 (100.0)
AIS grade E 0/0 (N/A)
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ZPP of sensory level
Right Higher >3 0(0.0)
Higher 2 0(0.0)
Higher 1 5(12.5)
Equal 20 (50.0)
Lower 1 10 (25.0)
Lower 2 1(2.5)
Lower >3 4 (10.0)
Left Higher >3 0 (0.0)
Higher 2 1(2.5)
Higher 1 7 (17.5)
Equal 19 (47.5)
Lower 1 6 (15.0)
Lower 2 1(2.5)
Lower >3 6 (15.0)
ZPP of motor level
Right Higher >3 0 (0.0)
Higher 2 1(2.5)
Higher 1 4 (10.0)
Equal 23 (57.5)
Lower 1 7 (17.5)
Lower 2 0(0.0)
Lower >3 5(12.5)
Left Higher >3 1(2.5)
Higher 2 2 (5.0)
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Higher 1
Equal

Lower 1
Lower 2

Lower >3

4(10.0)
25 (62.5)
5 (20.0)
0 (0.0)

3(7.5)

NLI: neurological level of injury, AIS: American Spinal Injury Association Impairment

Scale, ZPP: zone of partial preservation

42




	Funding
	Ethical approval
	Disclosure statement
	Acknowledgements
	Authors' contributions
	Data availability statement
	Abstract
	Introduction
	Methods
	Phase I: development of the TNASCI
	Phase II: face validity of the first version of the TNASCI
	Participants
	Procedures

	Phase III: concurrent validity, intra-rater reliability, and inter-rater reliability of the TNASCI
	Participants
	Procedure
	Statistical Analysis
	Ethical considerations


	Results
	Phase I: TNASCI development process
	Phase II: face validity of the pre-final version of the TNASCI
	Phase III: concurrent validity, intra-rater reliability, and inter-rater reliability of the TNASCI
	Inter-rater reliability, intra-rater reliability, and concurrent validity of the TNASCI
	Accuracy of the TNASCI

	Discussion
	Clinical implications
	Future work
	Limitations

	Conclusions
	References
	Table 1
	Table 2
	Table 3

