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Acute hyperextension myelopathy in children: Radiographic
predictors of clinical improvement
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STUDY DESIGN: Retrospective case series
SETTING: Three hospitals in China.
OBJECTIVE: Previous research indicates that only neurological status on admission determines prognosis of acute hyperextension
myelopathy (AHM). The object of this study is to analyze other unfavorable predictors of AHM in children.
METHODS: The clinical data of children with AHM were retrospectively analyzed. The ASIA impairment scale (AIS) grade was
recorded upon admission and at last follow-up. Intramedullary lesion length (IMLL) was measured in the sagittal T2-weighted
imaging (T2WI) within two weeks after onset; gadolinium enhancement in the cord was recorded for each patient. Relationships
among AIS grade, IMLL, gadolinium enhancement in the cord, and clinical improvement were assessed.
RESULTS: A total of 33 patients were included in this retrospective study. IMLL between complete and incomplete injury was
significantly different (p < 0.01) in the subacute stage, and no difference was observed in the acute stage. Correlation analysis
revealed that AIS grade on admission (r= 0.906, p < 0.001) was significantly positively correlated with clinical improvement. IMLL
(r=−0.608, p < 0.001) and abnormal gadolinium enhancement (r=−0.816, p < 0.001) in the cord in the subacute stage were
significantly negatively correlated with clinical improvement. There were no associations between IMLL in the acute stage and
clinical improvement (r=−0.248, p= 0.242). The statistically significant predictors of clinical improvement were AIS grade on
admission, IMLL in the subacute stage, and abnormal gadolinium enhancement.
CONCLUSION: IMLL in the subacute stage and abnormal gadolinium enhancement in the cord are two other prognostic predictors
of AHM in children.
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INTRODUCTION
The term acute hyperextension myelopathy (AHM) was first
recommended to replace the term surfer’s myelopathy (SM) [1].
SM or AHM is a rare, acute, non-traumatic thoracic spinal cord injury
(SCI) [2–4]. The initiating factor of SM among novice surfers is
excessive and/or repetitive spine hyperextension when paddling
[3–6]. Recently, SM has been reported among adults, adolescents,
and children with no history of surfing [1, 5, 7–12]. Additionally, the
characteristic of these patients before onset was that all had been
involved in some sustained and/or repeated spine hyperextension
activities [1, 5, 7–16], such as yoga, gymnastics, ballet, cheerleading,
acrobatics, pilates, backbends, etc., which were not associated
with surfing. A novel broader term acute hyperextension myelo-
pathy (AHM) was introduced [1, 7, 8], allowing the inclusion of all
patients with non-traumatic thoracic SCI due to repeated spinal
hyperextension.
The exact etiology of AHM or SM remains unknown [2–5, 14, 15],

but spinal cord ischemic injury due to spinal venous hypertension
resulting from venous drainage disorders of the cord after repeated
hyperextension of the spine plays a critical role in the pathological

process [6, 7, 17–19]. Due to its rarity and scarce serial follow-up, the
long-term follow-up evolution of imaging findings and clinical data is
not well-documented [2–7, 13, 15]. As scattered reports on AHM lack
systematic research, this disease is not well known.
Many children become involved in repeated spine hyperextension

activities, and some have experienced AHM [1, 3, 7, 9, 12, 14–16].
Serious complications will occur in children with complete SCI [7].
Early and accurate prediction of prognosis can benefit patients’
rehabilitation and prevention of related complications. Previous
studies indicated that only neurological status (American Spinal
Injury Association Impairment Scale [AIS]) on admission determined
the prognosis of AHM [2–6, 15, 20], and magnetic resonance imaging
(MRI) characteristics were not associated with clinical improvement
[13], which contradicts other findings [7, 21–24]. Recent findings
indicate that there are limitations in using AIS in young children, and
exact assessment of the severity and AIS grade of the SCI is difficult
with children [16, 25]. Other predictors are needed to assess the
severity of neurological defects. Here, we performed a retrospective
study that aimed to analyze other predictors of AHM, which can
facilitate future research and treatment.
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METHODS
This study was a retrospective review of the data of pediatric patients
diagnosed with AHM from July 2015 to August 2020. The patients were
selected using the following inclusion criteria: (1) acute onset of
atraumatic thoracic SCI after repeated hyperextension of the spine; (2)
healthy and without any other neurological defects before onset; and (3)
follow-up time of more than 6 months. Patients with the following
exclusion criteria were excluded: (1) traumatic SCI; (2) patients with
fracture or dislocation of the spine; (3) children with severe neurological
diseases or infection, neoplasm, vascular malformation, etc. (4) cervical
spinal cord injury. This study was approved by the Ethics Committee of
the Hospital and Medical College.
Neurological function was assessed using the AIS grade on admission

and at follow-up. The patients were divided into two groups according to
their AIS grade. Group A was complete SCI, that is AIS A, and group B
was incomplete SCI, that is AIS B, C, or better. Clinical improvement was
defined as a shift toward improved AIS grade from admission to follow-up.
Improvement in AIS grade was recorded for each patient. Initial and follow-
up MRI data were analyzed and compared. We substituted the number of
vertebral segments involved in intramedullary high-intensity on MRI for
intramedullary lesion length (IMLL) [7, 13, 15, 21, 22]. IMLL within two
weeks after onset was recorded by the number of vertebral segments each
time. The contrast-enhanced MRI outcomes were also analyzed.

Statistical analyses
Descriptive statistics were used to describe the patient characteristics.
Continuous variables are presented as median and standard deviation (SD).
The proportions are presented as numbers and percentages. Comparisons
between groups of continuous variables were performed using unpaired
t-tests. The chi-square test or Fisher’s exact test, when appropriate, was
used to estimate all associations between categorical variables. Correla-
tions among clinical improvement, AIS grade on admission, IMLL in acute
or subacute stage, and gadolinium enhancement in the spinal cord were
evaluated using the Spearman non-parametric test. Statistical significance
was set at P < 0.05.

RESULTS
Study population
We included 33 patients (30 females and 3 males), aged 3.5–10
years (mean 6.0 years). All patients were healthy without fever,
diarrhea, or vaccination before onset. None of the patients had
acute trauma, pre-existing neurological dysfunction, or other
symptoms. The common characteristic of movements before
onset was sustained and/or repeated hyperextension of the
spine. Group A included 20 patients with complete SCI, group B
included 13 patients with incomplete SCI. The follow-up time
was 6–61 months (mean, 26 months). There were no significant
differences in age, sex, symptoms, and follow-up time between
groups A and B (Table 1).

Clinical characteristics
Patients presented with acute back pain, progressive bilateral
lower-extremity weakness, paresthesia, urinary retention, bowel
and bladder dysfunction, and paralysis. The back pain was mild
or severe. Soon after (incubation period ranged from 10 min to
8 h), the patients developed progressive paresthesia, weakness,
or paraplegia. At the post-admission assessment, the patients’
neurological dysfunction seldom deteriorated. The neurological
level of SCI ranged from T6 to L3, and the highest (84.8%) was at
T9 to T12. No abnormalities were observed in the nerve
functions of the upper limbs or brain. Blood tests and diagnostic
analysis of cerebrospinal fluid (CSF) were negative or unremark-
able, without any diagnostic significance.

MRI findings
In group A, 16, and 21 MRIs were performed within the acute
stage (the time to perform MRI was 2–46 h after onset, mean 16.1
h) and subacute stage (the time was 3–14 days, mean 7.7 days),
respectively. Similarly, 8 and 12 MRIs in group B were performed
within the acute stage (the time to perform MRI was 6–44 h after
onset, mean 18.5 h) and subacute stage (the time was 5–12 days,
mean 7.4 days), respectively. The time to perform MRI in the acute
stage and subacute stage between Group A and Group B was not
significantly different (p > 0.05). There was no ligament or disc
injury, spinal stenosis, neoplasm, vascular malformation, or
hematoma in any of the patients. All patients had a longitudinally
diffuse intramedullary high-intensity signal (extending > 5 verteb-
ral segments) in the acute stage, from the mid-thoracic down to
the lower thoracic level (most ranged from T5 to T9) to the conus
on the sagittal T2WI (Figs. 1 and 2). In the subacute stage, the MRI
showed cranial progression of T2-hyperintensity (mean: 4.5 ± 2.5
vertebral segments) in group A (Fig. 2), and no neurological
deterioration was detected. However, in group B, the T2-
hyperintensity resolved at different levels in most patients in the
subacute stage (Fig. 1).
In the acute stage, IMLL was 6.9 ± 1.7 vertebral segments in

group A and 6.7 ± 1.3 in group B. In the subacute stage, IMLL was
11.6 ± 2.3 vertebral segments in group A and 4.9 ± 3.8 in group B.
IMLL did not differ significantly between groups A and B (p= 0.710)
in the acute stage, but was significantly different in subacute stage
(p < 0.0001). IMLL in group A was significantly different between
the acute and subacute stages (p < 0.0001), but no significant

Table 1. Clinical and neuroimaging characteristics of acute
hyperextension myelopathy in complete and incomplete spinal
cord injury.

Characteristics Complete
spinal cord
injury (Group
A, n= 20)

Incomplete
spinal cord
injury (Group
B, n= 13)

p

Age at onset, years 0.219

Mean (SD) 5.7 (1.2) 6.3 (1.6)

Range 3.5–8.0 4.0–10.0

Sex 0.261

Female 17 (51.5%) 13 (39.4)

Male 3 (9.1%) 0(0%)

Symptoms

Back pain 13 (65.0%) 7 (53.8%) 0.522

Paresthesias 18 (90.0%) 10 (76.9%) 0.360

Bowel and bladder
dysfunction

20 (100.0%) 12 (92.3%) 0.394

Paraplegia 20 (100.0%) 11 (84.6%) 0.148

IMLL in acute stage 6.9 (1.7)* 6.7 (1.3)** 0.710

IMLL in
subacute stage

11.6 (2.3)* 4.9 (3.8)** <0.001

Number of patients
who underwent
enhanced MRI

15(75%) 6 (46.2%) 0.092

Spinal cord
enhancement

14 (93.3%) 0 (0%) <0.001

Peripheral contrast
enhancement

15 (100%) 6 (100%) -

Follow-up time, months

Mean (SD) 25.2 (15.5) 27.1 (17.0) 0.746

Range 6–61 6–58

Spinal cord atrophy
in the low cord in
follow-up

14 (70%) 0 (0%) <0.001

Data are presented as number(%), n(%), and mean (standard deviation).
*p < 0.001, **p= 0.242
SD Standard deviation, AIS American spinal injury association impairment
scale, IMLL Intramedullary lesion length
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difference was observed in group B (p= 0.242) (Table 1). IMLL in
group B decreased rapidly in the subacute stage and recovered
significantly faster among patients with milder neurological
dysfunction. There were no associations between IMLL in the acute
stage and AIS grade on admission (r=−0.161, p= 0.453), but there
was a significantly negative association between IMLL in the
subacute stage and AIS grade on admission (r=−0.696, p < 0.01).
In the subacute stage, hemorrhage at the low spinal cord was

observed in two patients in group A (Fig. 2), and no hemorrhage
was observed in group B (Fig. 1).
Five and 2 contrast-enhanced MRIs were performed within the

acute stage in Group A and Group B, respectively, and no
abnormal gadolinium enhancement in the cord was noted.
Contrast-enhanced MRI was performed in the subacute stage for
15 patients in group A, and peripheral contrast and abnormal
gadolinium enhancement in the distal cord was noted in 14
patients (Fig. 2). In group B, contrast-enhanced MRI was
performed for 6 patients in the subacute stage, only peripheral
pial enhancement of the low thoracic cord was detected, and no
abnormal gadolinium enhancement in the cord was noted
(Table 1, Fig. 1). There was a significant negative association
between abnormal enhancement in the cord and AIS grade on
admission (r=−0.720, p < 0.001). Fourteen patients from group
A displayed an atrophic spinal cord from the mid-thoracic cord
(ranging from T6–T10) to the conus at 0.5–4 months later (Fig. 2).
The atrophic segments of the spinal cord were consistent with
peripheral contrast and abnormal gadolinium enhancement
segments in the low thoracic cord. In group B, no atrophic cords
were observed.

Prognosis correlation
Systematic comprehensive treatments were applied [3–
5, 7, 13, 16]. However, during follow-up, conversion from a
complete to incomplete injury was not detected in group A, and
14 patients in this group had marked spinal cord atrophy from the
mid- or low-thoracic cord to the conus. Correlation analysis
revealed that AIS grade on admission was significantly positively
correlated with clinical improvement (r= 0.906, p < 0.001). The
milder the neurological dysfunction, the better the neurological
recovery. A good prognosis was expected for patients presenting
with AIS C or better (Table 2).
The statistically significant predictors of clinical improvement

were AIS grade on admission, IMLL in the subacute stage, and
abnormal gadolinium enhancement (Table 3). Correlation analysis
also found that there were no associations between IMLL in the
acute stage and clinical improvement (r=−0.248, p= 0.242), and
IMLL in group A was not different from that in group B in the

Fig. 1 MRI of a 7-year-old girl with incomplete SCI. A MRI in acute
stage shows intramedullary high-intensity from mid-thoracic cord to
the conus in a 7-year-old girl with incomplete SCI. B Contrast-
enhanced MRI at day 5 shows peripheral enhancement of distal
spinal cord. C The MRI at day 5 shows intramedullary high-intensity
resolved with neurological recovery.

Fig. 2 MRI of a 5-year-old girl with complete SCI. A MRI in acute stage shows intramedullary high-intensity from mid-thoracic cord to conus
in a complete SCI patient. B The MRI at day 3 shows a cranial progression of the T2-hyperintensity, and hematoma in cord. C Contrast-
enhanced MRI shows abnormal gadolinium enhancement in low thoracic cord. D Atrophic spinal cord is found.
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acute stage (Table 1). However, there was a significant negative
association between IMLL in the subacute stage and clinical
improvement (r=−0.608, p < 0.001). Furthermore, clinical
improvement was significantly negatively associated with abnor-
mal gadolinium enhancement in the low thoracic cord (r=
−0.816, p < 0.001).

DISCUSSION
Certain specific movements, such as surfing, yoga, gymnastics,
ballet, cheerleading, acrobatics, pilates, backbends, etc. are the
inciting factors of some acute atraumatic SCIs [1–16]. This special
type of spinal cord injury is termed as SM according to activities
before onset characterized by repeated hyperextension of the
spine [2–7, 9–13, 26], AHM [1, 7, 8], or SCI without radiographic
abnormality (SCIWORA) [14–16, 20]. Given similarities in their
clinical presentation and imaging findings, AHM, which is a
broader term, is defined and allows the inclusion of all patients
with acute atraumatic thoracic SCI due to excessive and/or
repeated spine hyperextension movement. This term would
better reflect the underlying etiology [1, 7, 8], as well as allow

for improved inclusion within the literature to facilitate future
research and treatment.
In the present study, we detected two other predictors of poor

prognosis for AHM: IMLL in the subacute stage and abnormal
gadolinium enhancement in the low thoracic cord. These two
predictive factors are simple and accessible in clinical practice. We
observed that when IMLL was over 11 vertebral segments in the
subacute stage and/or abnormal gadolinium enhancement in the
low thoracic cord was present, no clinical improvement in
neurological function will occur. These two predictors are often
ignored in this type of disease due to their rarity and scarce serial
follow-up without a long-term follow-up evolution of imaging
findings and clinical data [2–5, 7, 13–15].
It was previously believed that neurological status on admission

is the only predictor that determines the prognosis of this type of
disease [2–6, 13, 16, 20, 27]. However, in clinical settings, exact
assessment of the severity of the SCI (e.g., AIS grade, preservation
of pin-prick sensation or not) is difficult with some patients,
especially children [16, 25, 27]. Serious complications, such as
scoliosis, subluxation of the hip, and SCI-induced osteoporotic
fractures, will occur in children with complete SCI [7]. Early and
accurate prediction of prognosis can benefit patients’ rehabilita-
tion and prevention of related complications [28–30], and other
early predictors are needed in clinical practice.
Computed tomography, MRI, and quantitative MRI can provide

rich information about the cause, level, and extent of SCI [28, 30].
MRI is a simple and rapid way to evaluate SCI, and is widely used
in clinical practice [29]. It has been reported that IMLL on MRI
determines the long-term neurological outcome of SCI [21, 22].
However, previous studies of AHM failed to obtain the correct
association between IMLL and clinical improvement.
Nakamoto et al [13] reviewed 23 cases of AHM and observed

that clinical improvement was not significantly associated with
any MRI characteristics, such as degree of T2-signal abnormality,

Table 3. Statistical comparison of predictors of clinical improvement of acute hyperextension myelopathy.

Predictors No clinical improvement at
last follow-up (n= 22)

Clinical improvement at
last follow-up (n= 11)

p

Age at onset, years 0.465

Mean (SD) 5.8 (1.5) 6.2 (1.2)

Range 3.5–10 4.5–8.0

Sex 0.534

Female 19 (57.6%) 11 (33.3%)

Male 3 (9.1%) 0

Admission AIS grade <0.001

A 20 (60.6%) 0 (0%)

B 2 (6.1%) 7 (21.2%)

C 0 (0%) 2 (6.1%)

D 0 (0%) 2 (6.1%)

IMLL in acute stage 7.0 (1.7)* 6.5 (1.3)** 0.495

IMLL in subacute stage 11.1 (3.0)* 4.8 (4.2)** 0.003

Number of cases underwent
enhanced MRI

14 (63.6%) 7 (63.6%) 1.0

Spinal cord enhancement 12 (85.7%) 0 (0%) <0.001

Peripheral contrast enhancement 14 (100%) 7 (100%) -

Follow-up time, months

Mean (SD) 26.8 (15.6) 24.1 (16.7) 0.648

Range 6–61 6–58

Data are presented as number (%), n(%), and mean (standard deviation).
*p < 0.001, **p= 0.273.
SD Standard deviation, AIS American spinal injury association impairment scale

Table 2. American spinal injury association impairment scale (AIS)
conversion from hospital admission to final assessment.

Admission AIS grade Final AIS grade

A B C D E

A (n= 20) 20 0 0 0 0

B (n= 9) 0 2 1 5 1

C (n= 2) 0 0 0 1 1

D (n= 2) 0 0 0 0 2
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length of continuous T2-signal abnormality (IMLL), and anterior-
posterior diameter of the conus. Based on the neurological
defects, radiographic characteristics of AHM, and statistical
analyses, Nakamoto et al [13] concluded that the radiographic
characteristics of AHM are not associated with clinical improve-
ment. Thompson et al [2] and Chang et al [3] also failed to detect
the correct associations between imaging characteristics and
clinical improvement. Most patients were visitors to Hawaii or the
Pacific Islands and transferred to hospitals in their home location
for follow-up and treatment without a follow-up evolution of
imaging findings [1, 4–6, 9–12, 14, 31, 32]. Their findings were
partially consistent with our results. IMLL in the acute stage was
not significantly associated with clinical improvement, and IMLL
was not significantly different between groups A and B in the
acute stage (p= 0.710) in our study. This may be because acute
onset of AHM with complete SCI, and spinal venous hypertension
is only initially limited to the mid- or lower-thoracic cord to the
conus in the acute stage, which will be aggravated and progress in
the subacute stage and a cranial progression of the T2-
hyperintensity can be observed [6, 7]. IMLL in group A in the
subacute stage was significantly different compared with that in
the acute stage and group B (p < 0.001). Correlation analysis
revealed that IMLL in the subacute stage was significantly
negatively associated with clinical improvement (r=−0.608, p <
0.001). There is no correlation between neurologic status and early
MRI findings, however, the MRI findings in subacute stage can
show the severity of neurological defects. IMLL in the subacute
stage is a predictor of clinical improvement.
The use of gadolinium contrast is not useful in ascertaining an

AHM diagnosis, but is helpful in addressing the differential
diagnosis of intramedullary lesions [2–5, 7, 13]. Gadolinium
enhancement ranges from no gadolinium enhancement to
peripheral contrast and abnormal gadolinium enhancement in
this type of disease [13]. But most authors have failed to elucidate
the correct association between gadolinium enhancement and
clinical improvement. The main reason is that most studies of
AHM consist of single case reports [1, 6, 8–12, 31–33]. There are
only a few case series studies and these lack long-term follow-up
imaging evaluation [2, 3, 13]. Contrast-enhanced MRI was not
performed for all patients [2–5, 13–16], and some positive findings
failed to detect accurate association with clinical improvement
because no valid statistical analysis could be performed.
Spinal venous drainage disorders resulting from sustained

and/or repeated hyperextension of the spine lead to spinal
venous hypertension, which plays a critical role in the
development of AHM [6, 7, 17, 24]. Spinal venous hypertension
can decrease the arteriovenous pressure gradient of the cord,
leading to perfusion impairment and increased vascular perme-
ability, resulting in acute ischemic spinal cord injury, which can
cause blood-spinal cord barrier (BSCB) injury, further exacerbat-
ing secondary injury of the cord [6, 7, 34–37]. BSCB prevents
peripheral immune cells, toxins, and other inflammatory
substances from entering the spinal cord [37, 38]. We speculate
that BSCB disruption plays an important role in the progression
of AHM, especially incomplete injury group.
Contrast-enhanced MRI permits the non-invasive evaluation of

the permeability of the BSCB [38–40]. Under normal physiological
conditions, contrast agents such as gadopentetate dimeglumine
(Gd) within the blood circulation cannot cross the BSCB into the
spinal parenchyma [38]. However, in cases of SCI or other
pathological conditions, damage to the BSCB permits Gd to leak
into the parenchyma, resulting in increased signal intensity on T1-
weighted MRI. Whether abnormal gadolinium enhancement in
the cord can reflect the severity of the SCI and secondary injury
[38–40], abnormal gadolinium enhancement is also a poor
prognostic factor of SCI and some other myelopathy [41].
In this case series, we observed that clinical improvement

was significantly negatively associated with abnormal gadolinium

enhancement in the low thoracic cord (r=−0.816, p < 0.001).
Spinal cord infarction was detected in patients who presented
with abnormal gadolinium enhancement in the low thoracic cord,
and some single case reports also report this outcome [6, 7, 33].
Our findings suggest that contrast enhancement of the spinal cord
is also an unfavorable prognostic factor for clinical improvement
of AHM.

Limitations
This study was limited by its retrospective design, which is subject
to bias. The results require validation in prospective observational
studies or randomized trials. Another limitation is the small sample
size due to low incidence, which limits the statistical analysis that
can be performed. As neurological dysfunction in mild patients
usually improves within 2–5 days, these patients may not seek
medical advice and are not diagnosed [5, 7]; the mild patients are
fewer in this study. Thus, multicenter, prospective studies are
needed to collect more cases and provide greater statistical power
to detect the relationship between imaging findings and clinical
improvement.

CONCLUSIONS
AHM is a rare, acute non-traumatic thoracic SCI, and inciting
factors are excessive and/or repeated spine hyperextension
movements. We suggest that in addition to neurological status
on admission, IMLL in the subacute stage and abnormal
gadolinium enhancement in the cord are two other prognostic
factors for AHM in children.

DATA AVAILABILITY
The datasets generated during this study are available from the corresponding
author on reasonable request.
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