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Abstract

Keywords Background and Aim: Spinal cord injury leads to a decline in motor function,
balance, hand performance, and quality of life. The present study aimed to determine
the effectiveness of modified dynamic neuromuscular Stabilization exercises on

Spinal cord injury, wheelchair skills, balance, hand performance, and quality of life in patients with
incomplete paraplegic spinal cord injury.
Neuromuscular Methods: This semi-experimental study included 10 male spinal cord injury patients
(Age: 34.7+7.40 years, Height: 175.8+£8.75, Weight: 68.9+11.69, Duration of Injury:
exercises, 16.9+£3.54) who were purposively selected based on the research entry criteria. The
variables of wheelchair skill, seated balance, shoulder function, and quality of life of
Wheelchair skills, these individuals were measured using the Wheelchair Skill Test (WST), Modified
Functional Reach Test (MFRT), Disability of the Arm, Shoulder and Hand
Sitting balance, questionnaire (DASH), and Quality of Life Index (QLI), respectively. Subsequently,
the participants did not receive any specific training for eight weeks, after which mid-
Shoulder function, term assessments were conducted. The participants then performed modified DNS
exercises for another eight weeks(3 sessions per week, 60 minutes each), followed by
Quality of life a final post-test. Data were analyzed using repeated measures ANOVA (P<0.05).

Results: The results showed that the measured parameters in the participants
significantly improved after the completion of the training period compared to the
non-training period (P < 0.05).

Conclusion: It appears that performing DNS exercises leads to improvements in the
measured parameters in individuals with spinal injuries. Consequently, this training
method can be recommended in the physical rehabilitation process for these

individuals.
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Extended Abstract

Introduction

Spinal Cord Injury (SCI) is the most severe and
permanent problem following trauma, disrupting
the normal sensory and motor functions, trunk
control, and mobility (1). As a result, this reduces
the function of the trunk, upper limbs, and the
quality of life for individuals with SCI (2,3).
Rehabilitation programs based on exercise, which
are non-invasive treatments, actively or passively
help alleviate issues faced by people with SCI.
Dynamic Neuromuscular Stabilization is a
neuromuscular approach that uses the motor
development processes of infants for the diagnosis
and treatment of motor disorders (4).

Consequently, the process of movement
correction must begin  with  addressing
neuromuscular disorders. Therefore, the present
study aims to investigate the impact of modified
DNS exercises on wheelchair skills, sitting balance
control, upper limb disabilities, shoulder, hand, and
quality of life for individuals with incomplete
paraplegic SCI.

Method

The study conducted was semi-experimental
and utilized a pre-test, mid-test, and post-test
design. A total of 10 individuals with SCI at the L4
and L5 injury level from the Isfahan Spinal Cord
Injury  Support Association (Hana) were
purposefully and conveniently selected as the
statistical sample. After obtaining written consent
and providing complete explanations of the
research plan, all participants underwent a pre-test.
Following 8 weeks of inactivity, a mid-test was
conducted, after which an 8-week exercise
intervention took place, and finally, a post-test was
administered.

The inclusion criteria for the study were: 1) at
least one year since the onset of spinal cord injury
(medical records), 2) no history of having
performed DNS exercises, 3) no medical
contraindications for physical exercise (specialist
physician), 4) no participation in sports or
therapeutic programs during the study, 5)
individuals with incomplete lumbar paralysis who
use wheelchairs (neurologist), 6) no history of

respiratory, neurological, muscular, or
cardiovascular diseases (medical records), 7) no
chest deformities, and 8) ability to perform basic
DNS movements (preliminary study). The
exclusion criteria included: 1) voluntary
withdrawal, 2) occurrence of injury or any
unforeseen issue preventing participation in the
study, and 3) irregular attendance at training
sessions and assessments. Data were collected
using field tests and questionnaires, and statistical
analysis was performed on these 10 subjects.

In this study, the wheelchair skills test, modified
functional accessibility test, upper limb, shoulder,
and hand disability questionnaire, and a disease-
specific quality of life index were used (21-25).
The exercise program was modified to
accommodate  participants'  disabilities in
performing all DNS movements and was
implemented over 8 weeks, with three weekly
sessions (60 minutes per session) (14, 26). To
analyze the data and identify potential differences
in mean scores among the groups at three stages,
repeated-measures ANOVA was used. SPSS
version 26 was used for data analysis, with a

significance level of P < 0.05.

Results

According to the results obtained, the difference
between the pre-test and mid-test for all four
variables, wheelchair skill, seated balance, upper
limb disability, shoulder and hand function, and
quality of life, was not significant (P<0.05). On the
other hand, the difference between the pre-test and
mid-test compared to the post-test for each of the
four variables was significant at the level of
(P<0.05) during the training period.

Discussion

This study demonstrated that an eight-week
modulated Dynamic Neuromuscular Stabilization
(DNS) program significantly improved wheelchair
propulsion, postural balance, upper-limb function,
and quality of life in individuals with incomplete
paraplegia(P<0.05). While no significant changes
were observed during the mid-term assessment,
marked improvements were evident by the post-
test, highlighting the cumulative effect of the
intervention.
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The efficacy of DNS in this population is likely
rooted in its ability to optimize intra-abdominal
pressure and spinal stability through the co-
activation of the diaphragm, deep abdominal
muscles, and pelvic floor (27). By integrating
diaphragmatic breathing with developmental
movement patterns, DNS creates a stable core
foundation. This postural stability is essential for
upper limb mechanics, as effective wheelchair
propulsion relies on a stable scapulothoracic base
(30, 31).

Furthermore, by restoring ideal joint alignment
and optimizing the Integrated Spinal Stabilization
System (ISSS), DNS mitigates the risk of overuse
injuries common in SCI patients (14, 32, 33). By
reducing mechanical overload and improving
neuromuscular coordination, the intervention
enhances movement efficiency and upper limb
function (34). Consequently, increased physical
independence and reduced pain facilitate greater
social participation, ultimately leading to a
significant improvement in the quality of life for
individuals with spinal cord injury (35, 36).

Clinical application

Eight-week modulated dynamic neuromuscular
stabilization exercises can be considered a
primary intervention for patients with incomplete
paraplegia to enhance wheelchair propulsion

upper-limb  disability, and ultimately boost
quality of life.
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Table 1. Results of repeated measures analysis of variance
Tests of Within-
Variables b CEUIESIID Subjects Effects
Pre-test Mid-test Post-test df F P

Wheelchair Skill Test (WST) 59.60+9.43 60.40+8.68 66.20+10.21 2,18 10.52 0.001
Modified Functional Reach Test(MFRT) 26.20+6.72 27.00+6.56 32.80+6.26 2,18 7.24 0.005
Disability of the Arm, Shoulder and Hand 35 10,1087 3480+11.00  29.90+11.75 2,18 594 0.0l
questionnaire (DASH) i
Quality of Life Index (QLI) 17.90+4.10 18.10+4.40 21.00+3.36 2,18 5.85 0.011
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