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BACKGROUND A case of catastrophic thoracic spinal cord injury (SCI) sustained by a professional American football player with severe scoliosis is
presented.

OBSERVATIONS A 25-year-old professional football player sustained an axial loading injury while tackling. Examination revealed a T8 American Spinal
Injury Association Impairment Scale grade A complete SCI. Methylprednisolone and hypothermia protocols were initiated. Computed tomography scan of
the thoracic spine demonstrated T8 and T9 facet fractures on the left at the apex of a 42° idiopathic scoliotic deformity. Magnetic resonance imaging (MRI)
demonstrated T2 spinal cord hyperintensity at T9. He regained trace movement of his right lower extremity over 12 hours, which was absent on
posttrauma day 2. Repeat MRI revealed interval cord compression and worsening of T2 signal change at T7-T8 secondary to hematoma. Urgent
decompression and fusion from T8 to T10 were performed. Additional treatment included high-dose omega-3 fatty acids and hyperbaric oxygen therapy. A
2-month inpatient spinal cord rehabilitation program was followed by prolonged outpatient physical therapy. He currently can run and jump with minimal
residual distal left lower limb spasticity.

LESSONS This is the first known football-related thoracic SCI with idiopathic scoliosis. Aggressive medical and surgical intervention with intensive
rehabilitation formed the treatment protocol, with a favorable outcome achieved.

https://thejns.org/doi/abs/10.3171/CASE21206
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Since 2010, football has accounted for only 0.24% of sport-related spi-
nal cord injuries (SCIs) seen at Model Systems Centers nationally.1 A
study of National Football League (NFL) spinal cord and axial skeleton–
related injuries revealed that between 2000 and 2010, 44% of spinal and
axial skeleton–related injuries affected the cervical spine.2–4 Injuries to
the thoracic spine are rare in NFL players, constituting approximately
3.9% of total spine injuries, with SCIs only accounting for 0.6% of total
injuries.2 In this report, we present the case of a catastrophic thoracic SCI
sustained by a professional American football player. We discuss the mul-
timodality management used and the neurological outcome.

Illustrative Case
A 25-year-old male NFL professional player sustained an axial load-

ing injury while tackling. On-field examination revealed complete bilat-
eral loss of sensory and motor function below T8. He was transported
on a spine board by ambulance to the local trauma center.

Within 30 minutes of injury, a repeat examination demonstrated no
perianal sensation and flaccid paralysis of his legs with intact bulboca-
vernosus reflex. His initial International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) examination in the
trauma bay was T8 American Spinal Injury Association Impairment

ABBREVIATIONS AIS = American Spinal Injury Association Impairment Scale; ATA = atmopsheres absolute; DHA = docosahexaenoic acid; EPA = eicosapentaenoic
acid; HBOT = hyperbaric oxygen therapy; IPR = inpatient rehabilitation; ISNCSCI = International Standards for Neurological Classification of Spinal Cord Injury; MEP =
motor evoked potential; MRI = magnetic resonance imaging; NFL = National Football League; PT = physical therapy; SCI = spinal cord injury; SSEP = somatosensory
evoked potential.
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Scale (AIS) grade A, indicating a complete lesion. During the trauma
resuscitation phase, the patient received 2 L of chilled saline. The
Bracken methylprednisolone protocol5 was initiated, and he was placed
on a norepinephrine infusion to maintain a mean arterial pressure >85
mm Hg. A computed tomography scan of the thoracic spine demon-
strated T8 and T9 facet fractures on the right occurring at the apex of a
42° idiopathic dextroscoliosis (Fig. 1) without canal compromise. Mag-
netic resonance imaging (MRI) demonstrated T2 hyperintensity in the spi-
nal cord centered at T8 without neural element compression (Fig. 2 left).

Upon admission to the neurological intensive care unit, hypother-
mia to 35°C was instituted with a surface-cooling device.6 Within 3
hours of injury, the patient regained trace motor function in his right
great toe; over 12 hours, he regained flicker muscle firing in his right
quadriceps and right extensor hallucis longus as well as vague propri-
oceptive sense. The rectal tone was weak but present. His ISNCSCI
examination was reclassified after resuscitation to a T8 AIS C.

On posttrauma day 1, neurological examination revealed 2/5
strength with right hip, knee, plantar flexion, and right extensor hal-
lucis longus on the British Medical Research Council motor grading
scale. He also regained proprioception in the right great toe. He
remained plegic (0/5 strength) in his left leg with no pinprick sensa-
tion or proprioception. Reflex examination confirmed the resolution
of spinal shock; he remained in neurogenic shock and on a

norepinephrine infusion. Hypothermia was terminated after 24 hours
because of extreme shivering.

On posttrauma day 2, the patient lost complete motor strength in
the right lower extremity. He had pinprick sensory loss below T9-
T10 but slight proprioception and position sense in the right great
toe. A repeat MRI revealed interval development of compression of
the spinal cord at T9 at the apex of his scoliosis (Fig. 2 right) and
worsening of T2 signal change at T8 with extensive spinal cord
edema at T8-T10.

Surgical Intervention
Given the neurological deterioration and new imaging findings,

he received spinal decompression and fixation. A T8-T10 posterior
segmental instrumentation was performed with screws placed bilat-
erally at T8 and T10 and on the right at T9. After laminectomies of
T8 and T9 and the superior aspect of T10, a left lateral extracavi-
tary, transpedicular approach was performed at T9 to decompress
the spinal cord at this level. The spinal cord was eccentric to the
left in the spinal canal as a result of the scoliosis; the ligamentum
flavum was thickened by hematoma, causing compression of the
underlying spinal cord against the left T9 pedicle. The left T9 pedi-
cle was resected, and full decompression of the spinal cord was
achieved. A small epidural hematoma lateral and ventral to the spinal
cord was also evacuated. Next, screws and rods were inserted to
complete the bilateral T8 to T10 instrumentation. Local bone autograft
and demineralized bone matrix completed the arthrodesis. At anes-
thesia induction, baseline upper extremity somatosensory evoked
potentials (SSEPs) and motor evoked potentials (MEPs) were normal
and lower extremity MEPs were absent. Baseline lower extremity
SSEPs were present; the left leg response was relatively normal in
latency and amplitude, and the right leg response, although present,
was delayed in latency and smaller in amplitude. Lower extremity
MEPs did not improve after the decompression.

The postoperative examination demonstrated no motor activity in
either lower extremity. Again, there was vague proprioceptive and
pressure sense on the right foot but absent pinprick sensation below
T8. There was no change on examination on posttrauma day 3. Forty-
eight hours after surgery (posttrauma day 4), ISNCSCI examination
revealed T8 AIS grade C with intact rectal sensation and voluntary
anal contraction. However, motor function was absent in both lower
extremities, with some return of pinprick sensation bilaterally.

FIG. 1. Initial computed tomography scan obtained at presentation.
Axial (left) and sagittal reconstruction (right) views demonstrate T8
and T9 facet fractures on the right.

FIG. 2. Left: Axial T2 MRI immediately after injury. Right: After neuro-
logical deterioration on postinjury day 2, a repeat MRI performed 48
hours after injury demonstrated interval development of epidural
hematoma and thickening of the ligamentum flavum with new spinal
cord compression and worsened spinal cord edema.

TABLE 1. Adjunctive therapeutic interventions

Treatment Treatment Regimen/Dose

Hypothermia 35°C core body temperature instituted with a
surface-cooling device

Steroids Bracken methylprednisolone protocol of 30 mg/kg
for 15 min by infusion, 45 min pause, & then
23-hr maintenance infusion by 5.4 mg/kg

HBOT One to two dives per day, for up to 7 days/wk;
each dive was at 2.4 ATA for 90 min

Omega-3 fatty
acids

16 g/day & then maintenance dose of 2 g/day
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Adjunctive Medical Therapy
Hyperbaric oxygen therapy (HBOT) was initiated on postopera-

tive day 2, with one to two dives per day, up to 7 days a week, for
a total of 30 dives over a period of 27 days. Each dive was at 2.4
ATA (atmospheres absolute) for 90 minutes. Initial serum omega-3
fatty acid level was 3.5%, less than the desired level of 8% to 12%.
Nutritional supplementation was instituted with Omega Liquid Algae
Concentrate (300 mg docosahexaenoic acid [DHA] and 150 mg
eicosapentaenoic acid [EPA] per 1,000 mg of Life’s Omega 60 oil)
for a total of 16 grams of EPA/DHA daily. Within 2 weeks of initiat-
ing omega-3 fatty acid supplementation, serum level reached 8.5%.
Table 1 summarizes the adjunct therapeutic options used.

Rehabilitation Therapy
Rehabilitation was initiated in the acute hospital setting starting post-

operative day 6. On posttrauma day 14 (postoperative day 12), he was
transferred to inpatient rehabilitation (IPR), where he completed various
rehabilitation interventions. On admission to IPR, ISNCSCI examination
revealed T9 AIS C incomplete paraplegia; by discharge, examination
improved to T9 AIS D. Functional recovery, as measured by the func-
tional independence measure, increased from 62 on admission to 114 on
discharge. At discharge, he reached a modified independent level for all
activities of daily living, transfers, and ultra-lightweight manual wheelchair
mobility. He initially required bilateral knee–ankle–foot orthoses for ambu-
lation, but by discharge he was able to ambulate up to 150 feet using left
ankle–foot orthosis at a modified independent level using a wheeled

walker. After IPR, he completed a total of 177 outpatient physical therapy
(PT) visits, which were initiated with neuro-based PT, transitioned to a
combination of neuro- and sports-based PT, and finally transitioned
completely to a sports-based PT program.

At 4-month follow-up, standing long-cassette radiographs dem-
onstrated a stable construct at T8-T9 (Fig. 3 left). Over the course
of the first year after injury, he was transitioned from a left ankle–
foot orthosis to the use of an external electrical stimulation system
for dorsiflexion, which was later discontinued. His 1-year ISNCSCI
examination revealed normal lower extremity motor scores and mild
sensory impairment, graded at T10 AIS D. At 18 months after
injury, the patient had achieved significant motor and sensory recov-
ery and was able to run and jump despite mild upper motor neuron
spasticity and continued left knee recurvatum.

Neuromuscular Scoliosis
At 6 months after injury, a long-cassette scoliosis radiograph

demonstrated progression of his thoracic curve: his thoracic Cobb
angle was 55°, which was increased from 45° degrees 3 months
prior (Fig. 3 right). This was indicative of neuromuscular scoliosis,
with curve progression in the setting of SCI. A modified Schroth-
method rehabilitation plan to strengthen his core and paraspinal
musculature was instituted. At 12 and 24 months after injury, long-
cassette scoliosis radiographs confirmed no further progression of
his idiopathic thoracic dextroscoliosis.

Discussion
Observations

A professional American football player sustained a T8 AIS A
thoracic SCI in the setting of idiopathic scoliosis. Prompt intensive
intervention, including surgery for a secondary neurological deterio-
ration and prolonged intensive rehabilitation, facilitated an optimal
functional recovery. Immediate surgery was not performed because
there was no active neural element compression, and the spinal
column fracture pattern was not considered unstable. Although sur-
gical intervention was deferred at presentation, medical treatment
was instituted immediately. The patient subsequently improved in
neurological function. The secondary deterioration on posttrauma
day 2 prompted a reevaluation, with identification of interval devel-
opment of neural element compression. There was no hematoma
on the first MRI; with the presence on the second MRI of an epidu-
ral hematoma as well as worsening of neurological conditions, sur-
gery was urgently pursued. If there were no such deterioration,
surgery would have been performed later and only if signs of insta-
bility emerged. The nature of the surgery (transpedicular decom-
pression) produced iatrogenic instability; thus, spinal instrumentation
was inserted during surgery.

Idiopathic Scoliosis
Idiopathic scoliosis occurs in 2% to 3% of the general popula-

tion.7 Onset is typically in preadolescence. A nationwide study from
Taiwan noted that an underlying spinal curvature disorder is associ-
ated with 2.2 times higher risk of a spinal injury from all causes of
trauma.8 SCIs result when the spinal column fails under supraphy-
siologic loads.9 Classically, in axial loading injuries from forces to
the crown of the head, the cervical spine must halt the momentum
of the torso; the resultant spinal column failure and SCI are in the
cervical region.10 An axial loading force to the crown of the head
will exit the spine at its weakest point. In scoliosis, the lateral

FIG. 3. Left: Standing posteroanterior long-cassette spine radiograph
at 3 months after injury demonstrating the construct at T8-T10 and
45° idiopathic thoracic dextroscoliosis. Right: Standing posteroante-
rior long-cassette spine radiograph at 6 months after injury revealed
that the thoracic Cobb angle increased to 55°, concerning for interval
development of neuromuscular scoliosis. Focused rehabilitation on
core and paraspinal musculature was associated with no further
change in patient’s curve in the ensuing 2 years.
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eccentricity at the apex of the curve creates an alternative point of
injury susceptibility.11 In the current case, the apex of the scoliotic
curve at T9 was the site of load failure from axial forces to the
crown of the helmet in a head-first tackle (Fig. 4). Although specula-
tive, we question whether the scoliosis may have precipitated para-
plegia but protected against quadriplegia, because in the absence
of scoliosis, the point of biomechanical failure would otherwise be
expected to have been in the cervical region.

Hypothermia
Hypothermia as a neuroprotective therapy for SCI is hypothesized

to reduce the metabolic rate and prevent or ameliorate the inflamma-
tory changes and other secondary injury mechanisms.12,13 Also,
hypothermia reduces neutrophilic infiltration, inhibits microglia and
the expression of tumor necrosis factor, and preserve synapses.14–16

Dididze et al. and Levi and colleagues at the University of Miami
have reported on the relationship between hypothermia after SCI and
increased likelihood of conversion to a higher AIS functional
grade.6,17 The use of systemic hypothermia has been reported in
one other case of SCI in professional American football.18

Steroids
The National Acute Spinal Cord Injury Study Group (NASCIS)

trials reported a significant neurological functional recovery in the
patients receiving high-dose methylprednisolone given within 8 hours
of injury.5,19 A meta-analysis of 4 randomized-controlled trials and
17 observational studies showed no significant short- or long-term
beneficial effect on motor function, with some observational studies
demonstrating a higher risk of gastrointestinal bleeding.20 Concerns
are cited about the routine use of methylprednisolone in SCI

because of a higher risk of complications, including infections, respi-
ratory compromise, and hemorrhage.21,22 In this case, the patient
was a young (25 years old), healthy, world-class athlete. We con-
cluded that the potential benefits of steroid administration out-
weighed any potential risks.

HBOT
Ischemia is a significant secondary injury mechanism after SCI.

Increasing oxygen delivery to the damaged spinal cord may help
improve recovery. Asamoto et al. reported that 13 patients who
received 85 minutes of HBOT at 2.0 ATA once daily for 10 days
were found to have higher improvement rates indicated by the Neu-
rological Cervical Spine Scale versus the non-HBOT group of 21
patients,23 with minimal to no adverse effects. HBOT promotes
angiogenesis, enhances stem cell proliferation, is a potent antiin-
flammatory, and produces minimal risk in patients with acute SCI.
We used HBOT for 27 days starting from postoperative day 2.

Omega-3 Fatty Acids
Animal models have demonstrated significant antiinflammatory

benefits of omega-3 fatty acids by reducing cytokine production,
apoptosis, axonal disruption, and free-radical damage.24–27 Given
their safety profile, omega-3 fatty acids may be considered an
adjunct with the hope of reducing secondary damage due to inflam-
mation, edema, and cytokines. In the current case, oral omega-3
fatty acid supplementation was instituted with serial measurement
of serum omega-3 fatty acid level.

Rehabilitation Intensity
From 2015 to 2019, the average length of stay in IPR at the Spi-

nal Cord Injury Model Systems Centers for someone with incom-
plete paraplegia was 32 days, demonstrating that this patient’s
duration of IPR was longer than average.28 Total PT hours com-
pleted during IPR were more than what has previously been
reported in the literature for persons with paraplegia,29 although the
types of rehabilitation activities were consistent with the standard of
care. Outpatient therapy, up to 5 days a week over more than 2
years, was also of prolonged duration.

Intense activities-based rehabilitation therapies focusing on loco-
motor training are believed to promote plasticity via repetition to
promote neural retraining for the specific task, in this case, ambula-
tion. Sensory stimulation as a component of therapy, in combination
with electrical stimulation and repetitive locomotor training, has
been shown to improve walking after motor incomplete SCI.30 As
outpatient therapies transitioned from neuro- to sports-based activi-
ties during the treatment program, the patient’s intensity of aerobic
performance increased over time and progressed from aided gait
training to running. Previously it has been reported that high-inten-
sity locomotor training may improve walking outcomes in persons
with chronic motor incomplete SCI unrelated to the number of train-
ing sessions, indicating that the aerobic intensity of therapy ses-
sions may additionally aid in outcomes.31 The transition of types of
training therapies over time in parallel to motor recovery and asso-
ciated improvement in ambulatory function suggests that the transi-
tion from neuro- to sports-based PT was appropriate.32

Lessons
To our knowledge, this is the first case of an NFL player sustain-

ing a thoracic SCI while playing football. In addition, this is the first

FIG. 4. Medical illustration depicting the mechanism of injury. An axial
loading force vector at the crown of the helmet during a head-first
tackle is transmitted through the spinal column, exiting at the apex of
the thoracic scoliosis. The concavity of the apex at T9 was the site of
load failure. Also in scoliosis, the spinal cord lies eccentric in the canal
toward the concavity. Over the first 48 hours after, an epidural hema-
toma developed, causing spinal cord compression and worsening
neurological insult, which led to surgical intervention.
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case of a professional football player with idiopathic scoliosis sus-
taining a spinal column injury and SCI at the apex of his structural
curve. Because it represents a single case report, we do not pur-
port, in any way, that any of the therapeutic interventions were sin-
gly therapeutic in his excellent recovery. We in no way imply that
these treatments are standard of care for SCI. We emphasize the
point that scoliosis associated with SCI is a rare phenomenon and
virtually unheard of in sports-related injury. This case report, in our
opinion, is a critical piece for raising awareness and stimulating
research into this concept and further researching the multiple ther-
apeutic options available to help improve the outcomes of this typi-
cally devastating injury.

A case of catastrophic thoracic SCI in a professional American
football player with idiopathic scoliosis was presented. Targeted
medical and surgical intervention with intensive rehabilitation formed
the treatment protocol with a favorable outcome. For SCI in healthy
athletes, a combination of steroids, hypothermia, hyperbaric oxygen,
nutritional supplementation, and intensive rehabilitation may be con-
sidered, with awareness that efficacy of each is speculative and
requires further study.
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