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Abstract
Introduction Participation in exercise activities post spinal cord injury (SCI) can positively impact physical functioning and
quality of life. Physically active individuals have improved functional performance compared with sedentary individuals
with SCI. Consistent exercise interventions following SCI not only prompt neural recovery and offer myriad health benefits
but they may also have persisting effects on functional abilities.
Case presentation A 29-year-old male subject had a 15-year history of a C5-C6 AIS B SCI. The subject demonstrated
improvements in the outcome measures and he reported enhanced ability to cough and to clear secretions, as well as an
enhanced overall quality of life, after undergoing a 14-week course of Spinal Mobility training in combination with
inspiratory muscle training (IMT). In addition to the Spinal Mobility training and IMT, he continued to partake in his normal
exercise routine, which consisted of aerobic and strength training 3 days per week.
Discussion This case reaffirms the benefits of consistent exercise training, in combination with IMT, for individuals with
SCI. Community programs specifically targeted to individuals with SCI are needed. The subject’s functional improvements
demonstrate that incorporating Spinal Mobility training into a regular exercise routine may assist with functional gains in the
chronic stage of SCI.

Introduction

Exercise training that incorporates aerobic and strength
training components has the potential to significantly reduce
secondary morbidities associated with SCI. Physical activity
has been shown to not only reduce many of these secondary
health complications but it has also been positively corre-
lated with improvements in strength, endurance, and func-
tional ability [1–3]. Previous literature has found a
correlation between increased physical activity and health-
related improvements in individuals with a SCI; namely,
overall less pathology and comorbidities have been
demonstrated in more physically active individuals [1].
Respiratory compromise is also common in individuals with
SCI, particularly with injuries lacking abdominal innerva-
tion that can compromise both inspiratory and expiratory
neuromuscular control. IMT can provide added benefits to

regular exercise in this population [2, 4, 5]. A progressive
resistive load can be applied to the diaphragm, intercostal,
and accessory muscles to improve lung volumes and blood
pressure regulation [6–8].

Despite the benefits and need for exercise after SCI in
individuals with chronic injuries, there is no insurance
coverage for individuals in the US for these activities. In
addition, there is a lack of funding for community-based
programs. In order to facilitate continued exercise, the
Spinal Mobility X class (SMX), a community-based exer-
cise program, was developed. It has shown a positive effect
on function and quality of life for people with SCI [9]. The
Spinal Mobility technique consists of exercise interventions
to improve trunk stabilization control, geared toward
improving function, mobility, and quality of life in indivi-
duals with neurologically based disability in all phases of
the rehabilitation process. The technique is grounded in
theories of neuroplasticity, motor learning, and bio-
mechanics, incorporating elements of segmental stability,
distal locking, and reverse muscle activity. These training
components are transferable to the trunk mobility and sta-
bility requirements necessary for daily activities, such as
transfers, grooming, bathing, reaching, and community
mobility. This case report describes the impact of a 14-week
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course of the Spinal Mobility technique, along with IMT, on
an individual in the chronic stages of SCI [1–3, 10].

Case presentation

A 29-year-old male had a 15-year history of a C5-C6 AIS B
SCI. The subject works full-time, and he uses a power
wheelchair as his primary means of mobility. He lives an
active lifestyle, and he has engaged in strength and aerobic
exercise on a consistent basis for many years. Prior to
undergoing a 14-week course of Spinal Mobility training,
the subject reported difficulties performing transfers, bed
mobility, general self-care, activities of daily living, and the
ability to cough and to clear secretions. His normal exercise
regimen included an aerobic and strength training routine,
3 days per week. He continued this exercise routine
throughout the entire 14-week Spinal Mobility training
period. Throughout the study period, the subject self-
catheterized and he had no changes in his bowel/bladder
routine or any changes in diet or medication.

The Spinal Mobility X (SMX) class is a community-based
exercise program specifically designed for individuals with
SCI. The program consists of three circuits: 1 h of resistive
activities, 1 h of aerobic activities, and 1 h of Spinal Mobility
activities, all targeted toward improving control of trunk
musculature and enhancing functional balance in people with
SCI. The Spinal Mobility technique consists of three princi-
ples: segmental mobility, distal support, and enhanced neu-
romuscular control (reverse muscle activity). The segmental
mobility technique is the mechanism by which the use of a
mobilization belt is placed on the patient’s trunk and attached
to the therapist, thus allowing the therapist to provide a stable
base of support and enabling the patient to regain greater
trunk control above the belt location. The belt provides sen-
sory input, and its level of placement on the trunk allows for
variability in the degree of trunk control required during
movement patterns: the lower the belt is placed, the greater
the demands on the patient for postural control during
movement patterns. Simultaneously, this technique incorpo-
rates upper quarter concentric or eccentric muscle activity
during which the therapist is able to vary the overall quantity
of work that the patient performs. When applying the prin-
ciple of distal support, the patient is able to relearn how to
control the limits of stability of their trunk, thereby enhancing
their control over movements of the opposite upper extremity.
This technique simulates daily tasks where individuals stabi-
lize with one upper extremity to allow for increased trunk
excursion to gain further reach with the opposite extremity.
Finally, neuromuscular control, reverse muscle activity, is
improved as individuals relearn how to use trunk movements
assisted by intact distal musculature movement patterns to
enhance proximal trunk control. For example, an individual in

a manual wheelchair can use a doorframe to assist in pushing
themselves through an entrance. Training in a seated position
allows the patient to operate in a more biomechanically and
physiologically efficient manner because they do not have to
rely on lower extremity function for stability. This technique
can be applied to individuals with complete or incomplete
cervical, thoracic and/or lumbar injuries.

The interventions for this case consisted of once weekly
Spinal Mobility group training for 8-week duration. This
training included aerobic and strength training components,
along with the Spinal Mobility technique. This 8-week
period was followed by 6 weeks of additional one-on-one
Spinal Mobility training sessions for 1 h, twice per week.
Functional outcome measures included a timed t-shirt test,
timed transfer to and from a mat table, and functional reach
in a forward, left and right lateral direction. Inspiratory
muscle training (IMT) was added at home for the 14-week
period, which the subject reportedly discontinued after all
Spinal Mobility training ended. A subjective questionnaire
was administered at the start and conclusion of the study to
track the subject’s perceived improvements in functional
capacity and overall quality of life.

Outcome measures were taken 4 weeks prior to the
initiation of spinal mobility interventions (time point one)
and at final post testing 10 weeks after cessation of inter-
ventions (time point two). The subject was instructed to
keep an IMT training diary of his home training on the daily
log sheets provided for him throughout the training period,
which he failed to turn in at the conclusion of the study.

The timed t-shirt test measured how fast the subject could
put on and take off a t-shirt. The tester started the timer when
the subject’s hand made contact with the t-shirt placed on the
adjacent table. The tester stopped the timer once the subject
had completely taken off the t-shirt. Timed transfer to and
from a mat table timed how fast the subject could transfer
from his wheelchair to lying supine on a mat table, and then
transfer back into a seated position in his wheelchair. The
tester started the timer once the subject initiated the transfer,
and stopped the timer once the subject had returned to a
seated position in the wheelchair. The functional reach in
forwards, left, and right lateral direction was measured with
a yardstick taped to the wall. For the forward reach, the
subject sat in his wheelchair parallel to the yardstick and
reached forward as far as his limits of stability would allow.
For the right and left lateral reach, the subject stationed his
wheelchair perpendicular to the yardstick and reached as far
as possible to the sides in both directions.

Discussion

Our case report demonstrates the beneficial effects of
exercise training, specifically the Spinal Mobility technique
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in combination with IMT, in this individual with chronic
SCI. The results between time point one and time point two,
10 weeks after the termination of the intervention protocol,
demonstrated improvements in all measures with the
exception of forward and left lateral reach. The timed t-shirt
test was performed 13 s faster (43.33% improvement). Our
subject’s transfer test time was 16.67 s faster (16.18%
improvement), and right lateral reach increased 1.70 inches
(50.15% improvement) (Table 1).

Studies have demonstrated that improvements with
dynamic postural control are prerequisites for independent
functional performance [11, 12]. Seated activities of daily
living require dynamic postural trunk control for inde-
pendence. As dynamic postural control improves, per-
formance in activities of daily living (ADL) tasks
becomes more efficient [13]. Maximal forward reach
distance has been demonstrated to be a valid measure of
postural control in individuals with SCI [13, 14]. The
subject’s improvements in the t-shirt test and right lateral
reach test may be secondary to enhanced dynamic seated
postural control [12]. It has been shown that reaching
tasks will be a challenge to upright control for individuals
with paralysis of the trunk or arms [14]. In order to suc-
cessfully perform ADLs in a seated position, one must
maintain trunk stability and mobility without a loss of
balance [11]. The goal of the Spinal Mobility technique is
to improve an individual’s ability to control the trunk,
which ultimately helps facilitate arm movement without a
loss of balance for safe functional activities. The seated
reach test is a valid measure of seated postural control,
and previous research has demonstrated a correlation
between maximal forward reach distance and scores on
clinical tests of function in individuals with SCI [13].
Dynamic postural control is related to dynamic trunk
excursion [13]. Right lateral reach demonstrated the
greatest improvement (1.70 inches); this gain may in part
contribute to why the patient reported improvements in
ADL. The lack of improvement in the left lateral reach
might be explained partly by the fact that the subject is
right handed and he therefore does not engage in reaching
tasks to the left very often throughout his daily life [13].

The participant reported increased ease of transfers,
enhanced overall quality of life, improved ability to cough
and to clear secretions, and augmented functional mobility
post training. These objective and subjective findings
demonstrate the benefits of exercise training, in combina-
tion with IMT, in our subject. Importantly, transfer time
and t-shirt test improvements, which are both critical
components for efficiency with daily tasks and indepen-
dence with ADLs, persisted after a 10-week period without
any spinal mobility training. The timed t-shirt test has
proven reliability and validity in SCI, and it serves as an

indicator of an individual’s ability to sit unsupported [13].
The ability to sit unsupported is essential for people with
SCIs, as many functional activities are performed from this
position.

A sedentary lifestyle contributes to further decondition-
ing, increased dependency, and decreased overall quality of
life in this population [15]. This case report supports pre-
vious literature that there is an enduring need for commu-
nity organizations for health promotion and education,
especially considering the changing health care system that
shortens length of inpatient hospitalization. However, these
community organizations are unfortunately lacking and
underfunded through medical insurance. In addition,
because a major goal of many individuals with SCI involves
improving strength and fitness, community organizations
that offer lifetime services are necessary [16]. These com-
munity organizations have the potential to increase function
and improve overall health in people with SCI.

This is only a case report of an active individual with a
chronic SCI; thus we cannot say if the Spinal Mobility
training and IMT would provide similar benefits in
someone who is not physically active or is acutely post
injury. However, we believe the improvements in func-
tional outcome measures from pre-test to post test were
related to the Spinal Mobility training and IMT and that
this highlights the need for future research to explore the
value of Spinal Mobility training and IMT in a larger
population.

Acknowledgements We thank our subject who volunteered to parti-
cipate in this study. We also thank Lawrence Harding and the mem-
bers of the Axis Project Harlem for their assistance in this study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval We certify that all applicable institutional and gov-
ernmental regulations concerning the ethical use of human volunteers
were followed during the course of this research.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Table 1 Pre and post test measures

Pre and post test measures Test 1 Test 2 % Change

Forward reach (in) 6.60 6.30 −4.10%

Sideways reach right (in) 3.30 5.00 50.15%

Sideways reach left (in) 3.00 2.30 −22.33%

Timed t-shirt test (s) 30.00 17.00 −43.33%

Timed transfer test (s) 103.00 86.30 −16.18%
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