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Abstract

Background: Spinal cord injury without radiographic abnormality (SCIWORA) is defined as having “clinical symptoms
of traumatic myelopathy with no radiographic or computed tomographic features of spinal fracture or instability”. The
mechanism of pediatric SCIWORA following minor trauma is still unclear. Tight filum terminale (TFT) has been studied
in the literature, but the information regarding the predisposing factor for SCIWORA is still being defined.

Case presentation: We report three cases of thoracic and lumber SCIWORA with TFT. The trauma was potentially mild
in all cases but resulted in catastrophic damage of the cord. All patients had no signs or symptoms of tethered cord
syndrome prior to the minor trauma. TFT was found during operation.

Conclusions: We suggest that TFT might be a predisposing factor for SCIWORA and chronic spinal cord traction play
an important role in the mechanism of pediatric thoracic and lumber SCIWORA following minor trauma. Patients who
never undergo treatment for TFT likely have an elevated risk of developing SCIWORA following minor trauma.
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Background

Spinal cord injury without radiographic abnormality
(SCIWORA) was defined as a myelopathy with no radio-
graphic or computed tomographic features of spinal
fracture or instability [1]. This disorder is more common
in children, accounting for 6 to 19% of all pediatric
spinal cord injuries [2]. SCIWORA is more often associ-
ated with high-energy injuries in younger children [3].
In older children, especially adolescents, SCIWORA is
most commonly associated with athletic competition or
automobile accidents. The mechanism of pediatric SCI-
WORA following minor trauma is still unclear. The
trauma factors of pediatric SCIWORA include hyper-
extension, flexion, distraction, direct crush injury or
combinations and ischemia spinal cord injuries due to
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the unique and inherent anatomic malleability of the
pediatric spine [4].

Tethered cord syndrome (TCS) refers to a group of
signs and symptoms of motor and sensory neuron dys-
function attributable to spinal cord traction [5]. TCS is a
component of occult spinal dysraphism, such as tight
filum terminale (TFT) [6]. TFT has been well studied in
the literature, but the information regarding the predis-
posing factor for SCIWORA is still being defined. We
report such 3 cases of thoracic and lumber SCIWORA
with TFT. To the best of our knowledge, this is the first
report of SCIWORA with TFT. TFT was found during
operation. We suggest that TFT and chronic spinal cord
traction play an important role in the mechanism of
SCIWORA following minor trauma.

Case presentation

Case one

The patient was a 6-year-old girl who had no signs or
symptoms of tethered cord syndrome prior to the minor
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trauma. Her father struck her hipshot with a painting
pen and she performed evasive action with back bend
movement. 30 min later, she could not get up again be-
cause of weakness in her legs. She complained of back
pain and suffered from incontinence. On admission to
the hospital 30 h after injury, she had paralysis of the
lower extremities and dysfunction of two bowel move-
ments. No signs of external wounds were found. She
had no particular past history. A blood examination
demonstrated no specific findings. Computed tomog-
raphy (CT) of the spine showed spina bifida occulta. A
spinal cord magnetic resonance imaging (MRI) per-
formed 3 days following the injury. The sagittal MRI im-
ages showed longitudinally extended intramedullary
patchy T1 hypointensity and T2 hyperintensity at the
T9-L1 level. The conus was located at L1 level with
moderate swelling. A nodular T1 isointensity and T2
isointensity shadow was showed at the dorsal of the
cone. The next day, the patient underwent extended sur-
gical exploration and lysis of the filum terminale. In the
operation, we found 2 mm in diameter TFT with fibrous
degeneration, which was confirmed by the histopatho-
logic examination. There was contusion and laceration
in the conus medullary. Some contusion and laceration
tissue outflew the soft spinal meninges (Fig. 1). She
remained in the hospital for 14 days. Upon discharge,
the patient still complained of residual weakness and
paresthesias in the lower extremities. By the 1-year
follow-up, the patient still had paralysis of the lower ex-
tremities and dysfunction of two bowel movements.

Case two
A healthy 7-year-old boy danced on the bed, making
back bend and front bend movements. Suddenly he felt
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weakness in both of his leg and fell off the bed. He could
get up again. About 30 min later, he complained of
numbness and weakness in the lower extremities and
had incontinence. On admission to the hospital, the
patient had paralysis of the lower extremities and dys-
function of two bowel movements. He had no signs or
symptoms of tethered cord syndrome prior to the
trauma. The patient was placed on a corticosteroid
protocol. CT found spina bifida occulta. The sagittal
MRI images showed longitudinally extended diffused
intramedullary patchy T1 hypointensity and T2 hyperin-
tensity at the T12-L1 level. The conus medullary was
located at L1 level with mild swelling. The patient
underwent extended surgical exploration and lysis of the
filum terminale. Contusion in the conus medullary and
2mm in diameter TFT with fibrolipoma was found in
the operation. The fibrolipoma of the filum terminale
was confirmed by histopathology (Fig. 2). Upon dis-
charge, the patient still had paralysis of the lower ex-
tremities and incontinence. By the 10-month follow-up,
the patient’s left leg muscle strength improved to grade I
but still had incontinence and paralysis of his right leg.

Case three

A healthy 6-year-old girl felt weakness in both legs after
performing back bend movement and fell off. She could
get up again and had no pain. She had no signs or symp-
toms of tethered cord syndrome prior to the trauma.
About 6 h later, she complained of numbness and weak-
ness in the lower extremities and had incontinence. On
admission to the hospital 3 days after injury, the patient
had flaccid paraparesis, sensory disturbance below the
thoracic dermatome level, and bladder and bowel dys-
function. The sagittal MRI images showed longitudinally

Fig. 1 a A nodular T2 isointensity shadow was showed at the dorsal of the conus, which was located at L1 level with moderate swelling. b The
sagittal MRI images showed longitudinally extended intramedullary patchy T2 hyperintensity at the T9-L1 level. ¢ There were contusion and
laceration in the cone and some contusion and laceration tissue outflew the soft spinal meninges
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Fig. 2 a The sagittal MRI images showed longitudinally extended diffused intramedullary patchy T2 hyperintensity at the T12-L1 level. b The
conus was located at L1 level with mild swelling. ¢ Contusion in the conus, terminal filum fibrolipoma and TFT were found in the operation

extended diffused intramedullary patchy T1 hypointen-
sity and T2 hyperintensity at the T6-T10 level. The
conus medullary was located at L1 level. The T1
transverse-sectional MRI of sacral vertebra showed
fibrolipoma of the filum terminale. The patient under-
went extended surgical lysis of the filum terminale.
Swelling in the conus medullary, tortuous dilation of
proximal cone vessels, and 4 mm in diameter TFT with
fibrolipoma were found in the operation. The fibroli-
poma of the filum terminale was confirmed by histo-
pathology (Fig. 3). Upon discharge, the patient still had
paralysis of the lower extremities and incontinence. By

the 8-month follow-up, the patient still had paralysis of
the lower extremities and dysfunction of two bowel
movements.

Discussion and conclusion

SCIWORA is relatively common in children under 8 years
old [3]. The severity of SCIWORA was related to the age
of onset [4]. Thoracic cord injury accounts for 9.61% of
pediatric SCIWORA cases and lumbar cord injury
accounts for 1.48% [7]. TCS is a stretch-induced func-
tional disorder of the spinal cor d[8].The filum terminale
has clinical significance in its contribution to TCS, a form

Fig. 3 a The sagittal MRI images showed longitudinally extended diffused intramedullary patchy T2 hyperintensity at the T6-T10 level. b The T1
transverse-sectional MRI of sacral vertebra showed terminal filum fibrolipoma. ¢ Terminal filum fibrolipoma and TFT were found in the operation
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of occult spinal dysraphis m[5, 9, 10].TFT is not an un-
common condition, but is often overlooked and left un-
treated due to insufficient diagnostic options [11, 12].

Considering the trauma, it was potentially mild in all
patients, but resulted in catastrophic damage of the cord.
All three SCIWORA patients presented delayed onset
flaccid paraparesis, sensory disturbance below the thor-
acic dermatome, and bladder and bowel dysfunction
after the injury. All of the patients exhibited lower thor-
acic and lumber spinal injuries and the prognosis was
poor. In the first case, TFT with fibrous degeneration,
contusion, and laceration in the conus medullary were
found in the operation. In the second case, contusion in
the conus medullary and TFT with fibrolipoma were
found in the operation. In the third case, swelling in the
conus medullary, tortuous dilation of proximal cone ves-
sels and 4 mm in diameter TFT with fibrolipoma were
found in the operation.

Considering the preexisting spinal or neurological ab-
normality, this is the first report of SCTWORA with TFT.
Preoperative MRI showed fibrolipoma of the filum termi-
nale in the third case. Terminal filum with fibrous degen-
eration was found in the first case and terminal filum
fibrolipoma was found in the second case and the third
case. TFT was found in all cases during operation. The
basic underlying problem in TFT is abnormal longitudinal
stretch on the conus by the filum. In this case a subclinical
degree of spinal cord traction is present. The exact patho-
physiological mechanisms are not yet completely eluci-
dated. Yamada et al. reported that the longitudinal stretch
precipitates metabolic derangements equivalent to ische-
mic injury [13]. Experimental models studies show that
mild to moderate stretch causes transient reductions in
metabolism and severe stretch precipitates persistent
metabolic derangements that may not recover [14]. The
pediatric spine is vulnerable to external forces and allows
for significant intersegmental movement [15].. Tani et al.
reported that stretch of the terminal filum produces max-
imum elongation of the lumbo-sacral enlargements in the
spinal cor d[16].The mechanism of the trauma could have
been related to the flexion—extension movement, which
may cause “additional tugging” in congenital tight conus
and damage the cord [17-19]. Despite the small number
of patients in this report, we inferred that pre-existing
TFT might be a predisposing factor for SCIWORA follow-
ing minor trauma.

In conclusion, we suggest that TFT might be a predis-
posing factor for SCIWORA and chronic spinal cord
traction play an important role in the mechanism of
pediatric thoracic and lumber SCIWORA following
minor trauma. However, future studies are needed to
test its validity. Patients who never undergo treatment
for TFT likely have an elevated risk of developing SCI-
WORA following minor trauma.
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