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Abstract

Objective: To investigate the correlation between nerves conduction studies (NCS) and the American Spinal
Injury Association (ASIA) score for assessing neurological deficit and predicting recovery in patients with acute
thoracolumbar spinal cord injury (SCI).

Design: Prospective longitudinal observational study.

Setting: Tertiary care hospital and rehabilitation center.

Participants: Sixty patients with acute traumatic thoracolumbar SCI admitted within 15 days of injury.
Interventions: Not applicable.

Main Outcome Measures: Neurological assessment using ASTA Impairment Scale (AIS), motor, and sensory
scores, alongside NCS of bilateral tibial, peroneal, and sural nerves (recording CMAP, SNAP, and conduction
velocities) performed at baseline and 3-month follow-up.

Results: Significant improvement was observed in all ASIA scores and most NCS parameters over 3 months
(p<0.05). Kappa statistics revealed a significant positive agreement between neurological status and peroneal
nerve CMAP at baseline for DI-L1 injuries (Kappa=0.621, p=0.026). Notably, sural nerve SNAP showed the
most robust and consistent agreement with ASIA scores across all injury levels at the 3-month follow-up
(Kappa=0.727, p=0.023). In contrast, nerve conduction velocities (NCV) of tibial and peroneal nerves showed
weaker or negative agreement, particularly in thoracic-level injuries.

Conclusion: NCS parameters, specifically the SNAP of the sural nerve and CMAP of the peroneal nerve,
correlate significantly with neurological status and recovery. These electrophysiological measures serve as
valuable objective biomarkers, complementing the clinical ASTA assessment in acute thoracolumbar SCI, with
potential to enhance prognostic accuracy and personalize rehabilitation strategies.

Keywords: Spinal Cord Injuries, Neural Conduction, ASIA Impairment Scale, Biomarkers, Rehabilitation,
Prognosis.
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Introduction

Spinal cord injury (SCI) is a devastating prognosis, which in turn guides acute management
neurological condition with profound implications and long-term rehabilitation planning. The
for a patient's physical, psychological, and American Spinal Injury Association (ASIA)
socioeconomic  well-being [1]. The global Impairment Scale (AIS) is the international gold

incidence of SCI is between 250,000 to 500,000
annually, with a significant proportion of these
individuals facing permanent disability [2]. The
initial neurological examination is crucial for
determining the injury's severity, level, and
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standard for the clinical classification of SCI [3]. It
provides a semi-quantitative measure of motor and
sensory function. However, its reliance on patient
cooperation and examiner interpretation introduces
an element of subjectivity, which can be a
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limitation, particularly in the acute phase or with
uncooperative patients [4]. Nerve conduction
studies (NCS) offer an objective, quantifiable
measure of the peripheral nervous system's
functional integrity. In SCI, while the primary
lesion is central, there is growing evidence of
secondary dysfunction in the peripheral nervous
system below the level of injury, attributed to
disconnection from supraspinal inputs and
disturbed axonal transport [5, 6]. Consequently,
NCS parameters like compound muscle action
potential (CMAP) and sensory nerve action
potential (SNAP) may provide complementary data
to the clinical examination. Previous studies have
explored this relationship but with mixed results
and often in chronic or heterogeneous cohorts [7,
8]. The primary objective of this prospective study
was to systematically investigate the correlation
between serial NCS findings of the lower limbs and
neurological status, as defined by the ASIA score,
in patients with acute thoracolumbar SCI. We
hypothesized that specific NCS parameters would
serve as objective biomarkers, correlating
significantly with both the baseline neurological
deficit and subsequent recovery.

Methods

Study Design and Participants: This hospital-
based, prospective longitudinal study was
conducted in the Department of Physical Medicine
and Rehabilitation after obtaining approval from
the Institutional Ethics Committee (Approval No.:
7&6../MC/EC/2021). The study was registered
with the Clinical Trials Registry - India
(CTRI/2022/12/047851). A total of 60 patients with
acute thoracolumbar SCI, presenting within 15
days of injury, were enrolled after providing
written informed consent.

Inclusion and Exclusion Criteria: Inclusion
criteria were: (1) clinical and radiological diagnosis
of acute traumatic thoracolumbar SCI; (2) age
between 18-60 years. Exclusion criteria included:
(1) history of other neurological disorders (e.g.,
neuropathy, myopathy); (2) head injury or non-
thoracolumbar SCI; (3) cognitive impairment or
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non-cooperation; (4) pre-existing metallic implants
or pacemakers.

Outcome Measures and Procedures: All
participants  underwent two  comprehensive
assessments: at baseline (within 15 days of injury)
and at a 3-month follow-up.

Clinical Assessment: A standardized neurological
examination was performed by a trained physiatrist
using the ASIA protocol [3]. This included
determining the AIS grade (A-E), lower limb motor
score (LLMS), light touch score, pin-prick score,
and total ASIA score.

Nerve Conduction Studies (NCS): NCS were
performed using a commercially available
electromyography machine
(SALUS/1603003/ADB). With the patient supine
in a temperature-controlled room (21-23°C), the
following nerves were studied bilaterally:

e Motor NCS: Tibial and Peroneal nerves,
recording Compound Muscle Action Potential
(CMAP) amplitude and Motor Nerve
Conduction Velocity (MNCYV).

e Sensory NCS: Sural nerve, recording Sensory
Nerve Action Potential (SNAP) amplitude and
Sensory Nerve Conduction Velocity (SNCV).

Statistical Analysis: Data were analyzed using
SPSS version 22. Continuous data were presented
as mean * standard deviation and analyzed using
the paired t-test for within-group comparisons.
Categorical data were presented as frequencies and
percentages. The agreement between ASIA-based
neurological status/recovery and NCS findings was
assessed using Kappa (k) statistics. A p-value of <
0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics: The
mean age of the 60 participants was 46.22 + 14.42
years, with a male predominance (63.33%). The
most common mechanism of injury was a fall from
height (51.66%). The majority of injuries were at
the thoracic level (66.67%), and at baseline,
38.33% of patients had a complete injury (AIS A)
(Table 1).

Table 1: Baseline Demographic and Clinical Characteristics (n=60)

Characteristic Value

Mean Age (years = SD) 46.22 £ 14.42

Gender, n (%) Male 38 (63.33%)
Female 22 (36.67%)

Mode of Injury, n (%) Fall from height 31 (51.66%)
Road Traffic Accident 14 (23.33%)
Fall of heavy object 8 (13.33%)
Others 7 (11.66%)

Vertebral Level, n (%)

Thoracic (D1-D12)

40 (66.67%)

Lumbar (L1-L5)

20 (33.33%)

Baseline AIS, n (%) A (Complete) 23 (38.33%)
B-D (Incomplete) 31 (51.66%)
E (Normal) 6 (10.00%)
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Longitudinal Changes in ASIA and NCS
Parameters: There was a statistically significant
improvement in all ASIA scores (motor, sensory,
and total) from baseline to 3 months (p<0.001 for
most levels). Similarly, significant improvements
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were observed in the amplitude of CMAP for tibial
and peroneal nerves and SNAP for the sural nerve,
particularly in patients with thoracic-level injuries
(p<0.001) (Table 2).

Table 2: Select Changes in ASIA Scores and NCS Parameters from Baseline to 3 Months

Parameter Baseline (Mean = SD) 3-Month Follow-up (Mean + SD) p-value
ASIA Motor Score 28.10+3.36 38.25+11.99 <0.001*
ASIA Total Score 119.70 +23.20 138.10 +£29.42 <0.001*
Tibial CMAP (mYV) 7.21+237 7.97+2.36 <0.001*
Peroneal CMAP (mV) 2.79+0.56 3.394+0.56 <0.001*
Sural SNAP (mV) 12.32+11.73 16.66 = 10.42 <0.001*

*Paired t-test; *Statistically significant (p<0.05). Data shown for the overall cohort for NCS and for D1-
D12 level for ASIA scores as an example.

Correlation and Agreement between ASIA and
NCS: The Kappa analysis revealed key insights:

o At Baseline: A significant positive agreement
was found between neurological deficit and
peroneal CMAP for DI1-L1 level injuries

(Kappa=0.621, p=0.026).

o At 3-Month Follow-up: The most striking
finding was the consistent and substantial

agreement between neurological recovery and
sural nerve SNAP across all injury levels (e.g.,
L2-L5: Kappa=0.727, p=0.023). In contrast,
the agreement with tibial and peroneal NCV
was poor or negative for thoracic-level

injuries.

Table 3: Kappa Agreement between Neurological Recovery (ASIA) and NCS at 3 Months

Nerve / Parameter Vertebral Level Kappa Agreement p-value

Peroneal (CMAP) D1-D12 0.026 0.873

Peroneal (CMAP) L1 0.248 0.455

Sural (SNAP) D1-D12 0.375 0.018*

Sural (SNAP) L1 0.667 0.019*

Sural (SNAP) L2-L5 0.727 0.023*
*Statistically significant (p<0.05).

Discussion motor neuron lesion (e.g., thoracic SCI), the

This prospective study demonstrates a significant
longitudinal relationship between objective NCS
parameters and clinical neurological assessment in
acute thoracolumbar SCI. Our findings confirm that
NCS can serve as a valuable adjunct to the ASIA
score. The significant improvement in both ASIA
scores and NCS amplitudes over three months
suggests a parallel recovery in central neurological
function and peripheral electrophysiological
integrity. This aligns with the understanding that
spontaneous recovery in the subacute phase
involves both central and peripheral mechanisms
[5]. The strong correlation of peroneal CMAP with
baseline ASIA status in D1-L1 injuries underscores
its utility in initial prognostic stratification, as the
peroneal nerve's derived muscles are key indicators
of lower limb motor function. The most salient
finding of our study is the robust and consistent
agreement between sural nerve SNAP and
neurological recovery at follow-up. The sural
nerve, being a pure sensory nerve, has its cell
bodies in the dorsal root ganglion, which lies
outside the central nervous system. In a pure upper
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sensory axons are anatomically preserved.
Therefore, the SNAP amplitude can act as a
relatively stable benchmark, and its improvement
may reflect the recovery of central sensory
pathways or improved metabolic function of the
intact neuron [9]. Our results suggest that SNAP is
a more reliable electrophysiological correlate of
overall clinical recovery than motor NCS
parameters, which can be confounded by anterior
horn cell dysfunction and subsequent Wallerian
degeneration [6]. This finding is supported by
Singh et al., who also highlighted the prognostic
value of sensory parameters in acute SCI [8].

Conversely, the weaker correlation of motor NCV
with ASIA scores, especially in thoracic injuries,
can be explained by the fact that NCV primarily
reflects the integrity of the fastest-conducting,
large-diameter myelinated fibers. It is less sensitive
to axonal loss than CMAP/SNAP amplitude and
may not capture the subtle changes in spinal cord
function that are reflected in the ASIA score [10].
Our results are consistent with some previous work
[8] but contrast with studies like that of Allison et
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al., who found insignificant recovery in CMAP
despite clinical improvement [7]. This discrepancy
may be due to differences in the timing of
assessments, patient demographics, or injury level
focus, highlighting the need for standardized
protocols.

Limitations: This study has several limitations.
The follow-up period was relatively short at three
months; longer-term studies are needed to see if
these correlations persist. We did not perform
electromyography (EMG) or somatosensory
evoked potentials (SSEP), which could have
provided additional insights into motor unit
morphology and central sensory conduction,
respectively. The sample size, while adequate,
limited more granular subgroup analyses.

Conclusion

In conclusion, this study provides compelling
evidence that nerve conduction studies, particularly
the sensory nerve action potential (SNAP) of the
sural nerve and the compound muscle action
potential (CMAP) of the peroneal nerve, are
valuable  objective  biomarkers in  acute
thoracolumbar spinal cord injury.

They significantly correlate with the baseline
neurological deficit and subsequent recovery as
measured by the ASIA score. Integrating NCS into
the standard assessment protocol can provide a
more comprehensive and objective picture, thereby
aiding in prognostication and the customization of
rehabilitation strategies for better patient outcomes.
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