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Abstract
Background  Surfer’s myelopathy is a rare complication of spinal hyperextension originally described in novice surfers. 
However, reports from patients practicing different activities had risen.
Aim  To systematically synthesize the epidemiological and clinical evidence on acute hyperextension-induced myelopathy 
(“Surfer's myelopathy”) and propose new diagnostic criteria.
Methods  We systematically searched four databases for all observational and case studies on the topic. We performed a 
narrative synthesis to propose diagnostic criteria and tested the criteria retrospectively on the included cases. A case report 
is also presented.
Results  Forty-two articles reporting 104 cases (median age 19 years, slightly male predominance) were included. All cases 
reported a nontraumatic hyperextension event (58% after surfing). All of the cases presented pain of hyperacute onset. The 
most frequent clinical feature was bladder or bowel dysfunction (84%). The thoracic region was the most frequently affected 
(87%) with longitudinal involvement until the conus (67%). At discharge or follow-up, 52% partially recovered. We propose 
five diagnostic criteria with three levels of certainty (definite, probable, and possible): (1) nontraumatic spine hyperextension 
activity (in individuals with no pre-existent spinal disease); (2) hyperacute onset (with acute pain onset); (3) spinal cord injury 
clinic (motor, sensory, or autonomic deficit); (4) MRI findings with central spinal cord abnormalities (multiple segments); 
and (5) no other alternative diagnosis. We identified 88% definite and 12% probable/possible cases.
Conclusion  The acute hyperextension-induced myelopathy could occur not only during surfing but also during other activi-
ties. Therefore, increased awareness and education among sports communities and general physicians are needed.
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Introduction

The term surfer´s myelopathy (SM) was first coined by 
Thompson et al. [1], who reported a series of nine patients 
presenting with gradual onset of pain, paraparesis, loss of 
sensation in the lower extremities, and loss of sphincter 
control. It was originally described in young inexperienced 
surfers with an average age of 25.9 (range, 15–46) [1–5]. 
This condition is a rare nontraumatic spinal cord injury 
probably secondary to a related spinal infarction [1, 3, 
6, 7]. Due to its rapid onset and progression, the hypoth-
esis of spinal cord ischemia is reinforced [1, 4, 8, 9]. Spi-
nal hyperextension had been postulated frequently as the 
initial event triggering the perfusion impairment [10]. 
Despite the dorsal and lumbar areas of the spine being 
less flexible, when novice surfers wait for a wave, they 
wrongfully tend to display a posture of mild dorsal hyper-
extension by laying prone on the board, which progresses 
to moderate or severe hyperextension after the wave hits. 
This exercise is usually repeated over a prolonged period 
of time and with a short recovery period between waves 
[2, 3]. Also, fibrocartilaginous embolism triggered by a 
“minor” spinal trauma as hyperextension was proposed as 
another potential etiology [11]; however, the cases report-
ing that evidence had a different clinical onset and trigger-
ing event [12, 13].

Findings on magnetic resonance imaging (MRI) could 
be normal even after 48 h after the insult, unlike ischemic 
myelopathies not related to surfing [14, 15]. However, 
occlusion has been reported in vessels such as the radicu-
lar and Adamkiewicz arteries [3, 4, 8, 16], and there are 
similarities on MRI findings between SM and spinal cord 
infarction [6, 15, 17, 18].

Differential diagnoses can include idiopathic acute 
spinal cord infarction, idiopathic transverse myelitis, 
longitudinally extensive transverse myelitis, central cord 
syndrome, aortic dissection, fibrocartilaginous and other 
types of embolism, spondylotic diseases, cocaine-induced, 
vasculitis and vascular malformations. [6, 14, 19]. How-
ever, the clinical presentation of SM involves previously 
healthy patients with the only antecedent of recent spine 
hyperextension.

Apart from surfing, similar cases have been reported 
in patients who participated in other activities such as 
gymnastics, swimming, golfing and others [3, 15, 17, 
20–22]. In all of those patients, there was no evidence 
of a traumatic event, but the execution of a posture that 
involves hyperextension of the spine. Those communica-
tions raised the question whether this shared trigger could 
be fundamental for the definition of the disease and not 
the type of sport practiced. If so, the diagnosis of this 
entity and its awareness should be expanded to all areas 

of neurology and to sports professionals, since preven-
tion (i.e., appropriate technique when receiving the waves, 
warm-up before gymnastics) and timely treatment [7, 22, 
23] would reduce the genesis and impact of this disease 
on these otherwise healthy individuals.

We agreed that a more precise denomination for this con-
dition would be acute hyperextension-induced myelopathy 
(AHIM). To justify this proposal, we aim to conduct a sys-
tematic review of patients who reported with potential SM 
with and without surfing history, to describe the clinical and 
epidemiological profile of the condition, to conduct a nar-
rative synthesis of worldwide cases, and to propose practi-
cal diagnostic criteria that would represent the now onward 
called entity of acute hyperextension-induced myelopathy 
(AHIM). Additionally, we present an illustrative case from 
our hospital.

Methods

We aimed to identify all published documents related to the 
condition known as Surfer's myelopathy to date. We fol-
lowed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) [24] reporting guidelines 
for the literature review and the CAse REports (CARE)[25] 
guidelines for the case report. The PRISMA checklist could 
be found in Supplementary Table 2. For the case reported, 
we received informed consent from the patient and the 
approval of the Institutional Review Board of the “Daniel 
Alcides Carrión” Hospital, Lima, Peru.

Systematic search

We conducted a comprehensive search in PubMed/Med-
line, Embase, Scopus, and Web of Science databases from 
inception to July 03, 2021. The search formula consisted of 
keywords for "surfer's myelopathy", “acute hyperextension 
myelopathy”; activities as “surf”, “gymnastics”, “sports”; 
and terms related to spinal injuries as "central cord syn-
drome", “paraparesis” or “myelopathy” (Supplementary 
Table 2). Additionally, we explored citations of previous 
reviews on the topic [3, 26] and included our case report.

Study selection

The inclusion criteria were: (1) observational studies, case 
series or case reports of surfer´s myelopathy with or with-
out surfing and myelopathies due to hyperextension of 
acute onset in previously healthy individual; (2) reports that 
described socio-demographic and clinical data of the indi-
vidual patients; (3) reports that described neuroimaging; and 
(4) full text available in English or Spanish languages.
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EndNote X9 was used to remove duplicates using the 
reference tool “Find duplicates”. Subsequently, two authors 
(LSA and RLE) independently selected the reports and 
extracted the data in Microsoft Excel 2019. In case of incon-
sistencies, a third author decided whether to include the arti-
cle (CAD).

Quality assessment

We used the tool proposed by Murad et al. [27]. This tool 
evaluated the methodological quality of case reports/series 
assessing eight questions about four domains. Since our sys-
tematic review does not focus on cases of adverse events, we 
selected only six questions for our assessment: (1) selection 
(a, Does the patient(s) represent(s) the whole experience of 
the investigator (center) or is the selection method unclear 
to the extent that other patients with similar presentation 
may not have been reported?); (2) ascertainment (b, Was 
the exposure adequately ascertained? c, Was the outcome 
adequately ascertained?); (3) causality (d, Were other alter-
native causes that may explain the observation ruled out? 
e, Was follow-up long enough for prognosis outcomes to 
occur? (we accepted a threshold of 6 months post-discharge 
as appropriate); and (4) reporting (f. Is the case(s) described 
with sufficient details to allow other investigators to replicate 
the research or to allow practitioners make inferences related 
to their own practice?). As suggested by the authors of the 
tool, we summed up the scores of the binary responses in an 
aggregate score (6 points at maximum). We defined equal 
or less than three as low -uality study.

Data extraction and narrative synthesis

The data were extracted independently by two authors (LSA 
and RLE). We extracted the following information: name 
of the first author, year of publication, sex, age, clinical 
presentation, ASIA Impairment Scale (AIS), neuroimaging 
description, onset of symptoms, treatment, and recovery. 
We described the categorical variables using frequencies 
and percentages. For numerical variables we used medians 
and interquartile ranges. We also analyzed the association 
between AIS score A and no recovery using Chi-square test 
(p < 0.05). For that analysis we used the software Stata 14.

We performed a narrative approach for synthesizing the 
included studies. Narrative synthesis is an approach for sys-
tematic reviews and synthesis from multiple studies that 
depends primarily on using words and text to explain and 
summarize the findings. We used a four-stage process based 
on previous guidelines [28]: (1) developing a theory of how/
why the association could be justified (pathophysiological 
and clinical plausibility); (2) developing a preliminary list 
of synthesis categories (contextual factors related to the 
exposure, time interval between exposure and event, AHIM 

clinical manifestations, neuroimaging and CSF findings, 
treatment response, and prognosis data); (3) exploring the 
relationships between and within included cases and pre-
sent them by a summary table; and (4) proposing diagnosis 
criteria based on the most important and frequent charac-
teristics identified in the synthesis categories. We defined a 
three-level certainty category (definite, probable, and pos-
sible) by consensus. Finally, we performed an exploratory 
retrospective validation of our diagnosis criteria calculating 
the frequency of our diagnosis criteria in the included cases.

Results

Case report

A 28-year-old male driver, with no remarkable medical 
history except for asthma, consulted the emergency room 
for acute low back pain, urinary retention, and lower limb 
weakness. 12 h before admission, during his first surfing 
lesson, he experienced sudden onset of low back pain that 
progressed to the lower extremities, along with weakness 
and numbness that made him unable to swim.

Upon physical examination in the emergency depart-
ment, sensory loss was detected below the thoracic level 
12 (T12) and bilateral paresis in both lower limbs with a 
Medical Research Council score of 1/5. The initial diag-
nosis was acute nontraumatic spinal cord injury; an MRI 
was performed. The sagittal MRI demonstrated an isoin-
tense lesion on T1-weighted imaging and a high-signal 
lesion on T2-weighted imaging of the spinal cord adjacent 
to the lumbar vertebral level 1 (L1 vertebra) down to the 
conus medullaris (Fig. 1). Since our patient was a beginner 
surfer whose signs and symptoms started acutely following a 
hyperextension posture, we oriented our diagnostic approach 
to AHIM. The patient was ultimately diagnosed with severe 
acute paraparesis secondary to spinal cord infarction. Other 
causes of acute myelopathy such as infections and demyeli-
nating diseases were ruled out.

After an empiric course of intravenous (IV) methyl-
prednisolone (1000 mg every 24 h for 5 days), followed by 
prednisone (50 mg every 24 h as part of the tapering off 
strategy) and physical therapy, the initial flaccid paraparesis 
improved. The patient then scored 4/5 in his neurologic eval-
uation of his lower limbs at discharge. Urinary and bowel 
dysfunction also improved and 6 months after discharge, the 
patient was fully recovered and performed his usual activi-
ties without any sequelae.

Systematic review

The search strategy identified 349 documents; from those, 
188 were duplicates. We found an additional record from the 
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manual search [29] and included the present case reported. A 
total of 163 records were screened by title and abstract and 
70 were selected for full-text assessment.

After reviewing the full text, we excluded 27 studies. One 
study (Nakamoto et al. [15]) reported cases from the same 
community hospitals in Hawaii, having the exact periods and 
characteristics of the patients in another study (Chang et al. 
[2]). We chose the latter because it provided details about 
the individual patients. The list of excluded studies and rea-
sons for exclusion could be found in Supplementary Table 3. 
Thus, a total of 42 documents were included representing 
104 patients (Fig. 2) [1–3, 5–10, 14, 16–18, 20–23, 29–52].

Quality of the included studies

The average score of the quality scale was 4.6 (3–6), mean-
ing moderate to high quality. The follow-up and ascertain-
ment domains were the sections with more missing infor-
mation. The complete assessment of the included studies is 
reported in Supplementary Table 4.

Narrative synthesis

A total of 104 patients with potential AHIM were selected. 
The detailed description of the cases is reported in Sup-
plementary Table 5. The median age was 19 years (range 
3.5–56) with 52% of male patients (n = 54). Surfing was 
the main sport activity reported (n = 60; 58%), followed by 
gymnastics (n = 5) [10, 18, 20, 41, 53]. Other sports reported 
included swimming [17], pole vaulting [21], and golf [50]. 
Common activities of daily living that could involve spinal 
hyperextension were reported as triggers too, like playing 
with other kids [10], doing sit-ups [54] driving a car [30], 
working in constructions [5], or having sexual intercourse 
[52]. Thirty patients reported that symptoms appeared dur-
ing the triggering activity; 27 reported symptoms during the 
first hour after the finalization of the activity; and, 9 patients 
reported symptoms hours after (range 2–3 h). Therefore, 
the onset was reported as hyperacute (an hour or less from 
activity discontinuation) in 57 patients (55%). Some patients 
reported a sensory level or presented paresthesia (n = 28; 
27%). Only 4% of the patients presented tetraplegia (n = 3; 

Fig. 1   MRI of the thoracolumbar spine (T2-weighted images) taken 
on the admission day. A Complete spinal cord cross section. Decrease 
in height and signal intensity on L4–L5 IV discs. L5–S1 degenerative 
features. L4–L5 protrusion. Lean muscle mass increase at the paraspi-
nal muscles at L4–L5. B Thoracic-MRI axial plane. C Sagittal plane. 

Increased signal at the level of the medullary cone in L2. Decrease in 
height and signal intensity on L4–L5 IV discs. Disc protrusion in L4–
L5. Lean muscle mass increase at the level of the paraspinal muscles 
at the level L4–L5
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3%); most of the cases reported paraplegia (n = 60; 58%) 
and back pain (n = 87; 84%). Besides, the most common 
manifestation was loss of bladder or bowel control (n = 91; 
88%). The most frequent regions involved were the thoracic 
(n = 90; 87%) and lumbar (n = 73; 70%), followed by lesions 
from the thoracic area to the conus medullaris (n = 70; 67%), 
with more than one area involved in some patients.

The AIS score A appeared as the most common reported 
grade at admission (n = 36, 35%). 27 patients (26%) were 
reported to be without improvement at discharge or after, 
and only 15 patients (14%) were fully recovered. We found 
significant association between AIS score A and no improve-
ment (p = 0.022). The most common therapeutic choices 
were steroids and physical therapy [48% (n = 50) and 25% 

(n = 26), respectively]. A summary of the most relevant find-
ings is presented in Table 1.

Proposed diagnostic criteria

Despite the different reports, there is no established criteria 
for AHIM. Consequently, we propose five criteria to help 
diagnose AHIM based on the currently available information 
included in our systematic review: (1) recent history of per-
forming an activity that caused a nontraumatic hyperexten-
sion of the back or spine (in individuals with no pre-existent 
spinal disease); (2) hyperacute onset, with a presentation 
of no more than 4 h after criteria No. 1; (3) presence of 
symptoms of spinal cord injury with with acute onset of 
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pain; (4) MRI finding involving the central cord including 
hyperintense diffuse T2-weighted signal abnormalities with 
a longitudinally extensive pattern (e.g., prolongation from 

central spinal cord to the conus), and (5) no other alternative 
diagnosis. Further details are outlined in Table 2.

Retrospectively, when applying the criteria proposed for 
the included cases, the frequency of the diagnosis was as 
follows: definite, 92 (88%); probable, 2 (2%); and possible 
AHIM, 10 (10%). However, one case series did not specify 
properly the time of onset of symptoms, but stated that “the 
latent period ranged from 30 min to 8 h.”[49]

Discussion

In this study, we synthesized 104 AHIM cases. All cases 
reported a nontraumatic hyperextension event (58% after 
surfing). All of them presented hyperacute onset of pain 
within the first 4 h after activity discontinuation. The most 
frequent clinical feature was bladder or bowel dysfunction 
(88%). The thoracic region was the most frequently affected 
area (87%) with longitudinal involvement until the conus 
(67%). At discharge or following, 26% had at least partial 
recovery. Based on our narrative synthesis, we propose five 
diagnostic criteria with three levels of certainty (definite, 
probable, and possible): (1) antecedent of a nontraumatic 
spine hyperextension activity (in individuals with no pre-
existent spinal disease); (2) hyperacute onset; (3) spinal cord 
injury symptoms; (4) MRI findings with central spinal cord 
abnormalities (multiple segments); and (5) no other alterna-
tive diagnosis. When we retrospectively applied the criteria 
on the included cases, we identified 88% definite and 12% 
probable/possible cases. This suggests our criteria could 
have high accuracy, comparable to other proposal using 
similar methodology [55]. However, a validation cohort of 
patients with alternative intrinsic myelopathy etiologies is 
needed to evaluate the diagnostic profile of our criteria.

Pathogenesis and pathophysiology

It is proposed that after hyperextension of the spine, the 
diameter of the vertebral vessel (i.e., the artery of Adam-
kiewicz) is occluded producing ischemia which could be 
transient or progress to infarction [3]. Despite knowing that 
the dorsal and lumbar areas of the spine are poorly flexible, 
when novice surfers wait for a wave, they classically display 
a posture of mild dorsal hyperextension (laying prone on 
the surface of the board with the chest up) that could pro-
gress to moderate or severe hyperextension after the wave 
hit (depending on its magnitude and intensity) in an attempt 
to achieve the standing position. This exercise is usually 
repeated over a prolonged period of time and with a short 
recovery period between waves [2, 3]. On the other hand, 
Reisner et al. [11] proposed fibrocartilaginous embolism into 
the vertebral arterial circulation after what they considered 
as “minor” trauma as a potential cause. Even though they 

Table 1   Patient characteristics reported in the literature

a  = more than one possibility was possible per patient

Characteristics n (%)

Sex
 Male 54 (52%)
 Female 50 (48%)

Age (median, range) 19 (3.5–56)
Activity
 Surf 60 (57.7%)
 Other sports 8 (7.7%)
 Activities of daily living 5 (4.8%)
 Not specified 31 (29.8%)

Time onset from activity cessation
During activity 30 (28.9%)
 Around 1 h 27 (26%)
 Two hours or more 9 (8.6%)
 Not reported 38 (36.5%)

Clinical presentationa

 Paraparesis 25 (24%)
 Paraplegia 60 (58%)
 Tetraplegia 3 (3%)
 Bladder/bowel dysfunction 91 (88%)
 Back pain 87 (84%)
 Paresthesia 28 (27%)

Neuroimaging signal hyperintensitiesa

 Cervical 5 (5%)
 Thoracic 90 (87%)
 Lumbar 73 (70%)
 Thoracic to conus 70 (67%)
 Not reported 11 (11%)

ASIA score at admission
 A 36 (34.6%)
 B 19 (18.3%)
 C 8 (7.7%)
 D 7 (6.7%)
 Not reported 34 (32.7%)

Treatmenta

 Steroids 50 (48%)
 Physical therapy 26 (25%)
 Antiaggregant/anticoagulants 5 (5%)
 Others 10 (10%)
 Not reported 45 (43%)

Recovery at discharge
No improvement 27 (26%)
Partial improvement 39 (38%)
Total recovery 15 (14%)
Not reported 23 (22%)
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reported unpublished evidence of radiological evidence of 
disc fissures, the case reports cited had a different clinical 
onset as well as triggering event [12, 13].

Clinical and imaging findings

We reported an unusual case of AHM in a young adult with-
out previous neurological conditions who hyperextended 
his back during his first surf lesson. These characteristics 
are very similar to the majority of reported cases of AHIM, 
involving predominately young adult men practicing surf 
(Table 1). Despite being initially reported in adults, in recent 
years, AHIM cases are now being reported in teenagers and 
children. The youngest case was a 3-year-old child [49]. All 
cases are described as nontraumatic.

AHIM can occur in patients who perform activities 
involving spinal hyperextension [1]. We found that the 
most reported cases carried out activities that generated 
back extension movements such as surfing; however, other 
activities such as swimming and gymnastics have also 
been identified in patients diagnosed with AHIM [17, 18, 
20]. Our case presented this criterion since he hyperex-
tended his back during his surf lesson. We must empha-
size that every physical activity that could result in back 
hyperextension may result in stretching of the spinal cord, 
which is postulated as the underlying trigger mechanism 
for this myelopathy [8, 17, 20]. Therefore, sports train-
ers (especially for surfing) should be aware of this risk in 

students who are beginners, as they are reported to be the 
most affected [3, 7] and may later experience permanent 
sequelae [1].

Symptoms appeared quickly after activity had taken place 
in most cases, including our case report, between the 4 h of 
exercise onset. The brief period could support the ischemic 
etiology hypothesis [1, 4, 8, 9, 14, 16, 23, 34] and reject a 
possible inflammatory origin [8, 36, 40]. Spinal cord injury 
common clinical manifestations are pain and loss of sensory 
or motor function. When it is severe, it affects bowel, blad-
der, breathing, heart rate as well as blood pressure control 
[56]. Similarly, back pain which could involve lower areas 
and neurological impairment (motor, sensitive and vegeta-
tive) is present in spinal cord infarction of other causes such 
as the ones produced after aortic reparation surgery. Nev-
ertheless, those patients are usually older, have a previous 
surgical antecedent, other vascular or vertebral comorbidi-
ties or a previous traumatic event [57].

In the AHIM included cases, we identified a spinal cord 
injury clinic characterized by a motor deficit (paraplegia in 
the lower limbs or quadriplegia), sensory deficit (sensory 
level paresthesia or pain), and autonomic deficit (bladder or 
intestinal dysfunction) [1, 3, 18]. Similarly, our clinical case 
presented with acute paraplegia, paraparesis, sensory level 
T12, and bladder dysfunction.

Laboratory studies such as complete blood count (CBC) 
and creatine kinase (CK) are usually normal in spinal cord 
syndrome with an ischemic cause [5, 18, 36, 40], as in our 

Table 2   Proposed acute 
hyperextension-induced 
ischemic myelopathy (AHIIM) 
diagnostic criteria

a Usually presented in previously healthy individuals (who have no pre-existent spinal disease or vascular 
risk factors)
b Progressive neurological deficits (variable motor and/or sensory involvement) usually consist of loss of 
bladder and bowel control, acute onset of low back pain, and varying degrees of paraparesis to more severe 
paraplegia or tetraplegia, also new or progressive paresthesia or worse onset of paresis
c MR imaging usually shows extensive T2-weighted signal enhancement in the thoracic spine region (T5–
T10), with extension to the lumbar or conus medullaris. Also, it could involve primarily gray matter with 
entire cross section of spinal cord

Criteria
 1. Activity that caused nontraumatic hyperextension of the back or spinea

 2. Hyperacute onset:
  Motor or sensory deficit in 4 h or less after hyperextension activity
 3. Sign and symptoms of spinal cord injury:
  Acute onset of pain (even before the deficit)
  Motor, sensory, or autonomic neurological deficit of the region spinal affectedb

 4. Magnetic resonance imaging involving the central cord with:
  Hyperintense diffuse T2 lesion in the central spinal cord that may prolongate to the conusc or infraction-

like spinal or
  "Pencil-like" or "owl/snake eye" longitudinally extensive hyperintense T2-weighted signal abnormalities

 5. No other alternative diagnosis
Type of AHM
 Definite AHM (all criteria)
 Probable AHM (at least 1, 2, and 3)
 Possible AHM (at least 1 and 3)
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case. Cerebrospinal fluid (CSF) can help rule out other 
causes such as infections or inflammatory diseases.

MRIs can also help to identify the location of the lesion, 
to see if it tends to involve several continuous spinal levels. 
In AHIM, the lesion distribution tends to be medial and cen-
tral. Also, it could involve primarily gray matter with the 
entire cross section of spinal cord [18].

The MRI findings are variable in AHIM. Ten cases 
[22, 49], did not provide any information about imaging, 
although their diagnosis was spinal infarction; another one 
did not provide further details about the imaging [39]. Two 
other studies specified infarction-like MRIs [7, 17]. In addi-
tion, Nakamoto et al. analyzed the MRIs of 23 cases, and 
most of them had a pencil-like-shaped T2-weighted hyper-
intense signal from the midthoracic region to the conus [15]. 
This is similar to our case, but the region showing a hyper-
intense signal was the lumbar region. The typical imaging 
of infarction is a T2 hyperintensity in vascular-specific ter-
ritory, most commonly an anterior "pencil-like" lesion on 
sagittal sequences and "owl/snake eye" pattern of signal 
abnormality on axial sequences; these are most likely due to 
ischemia [3, 15, 58]. Other findings were hyperintense or an 
infarction-like spinal cord MRI. In other types of spinal cord 
infarction, MRI could reveal adjacent vascular malforma-
tions [59], the presence of a concomitant vertebral infarction 
(which could suggest atherosclerotic disorders) or vertebral 
abnormalities (compressive myelitis by spondylotic disease) 
[60], and intervertebral disc degeneration of fissures which 
could suggest fibrocartilaginous embolism [13]. Addition-
ally, spinal cord infarction after aortic reparation could pre-
sent similar MRI images in T2-weighted images showing 
“pencil-like” hyperintensities or “snake eyes” most com-
monly in the territory of the Adamkiewicz artery [61].

Treatment and prognosis

Intravenous corticosteroids were the preferred treatment, 
although not supported by previous evidence. Its use was 
associated to at least one grade AIS score improvement 
in 55% of cases [3]. There is still not convention for man-
agement of acute spinal cord injury, and only supportive 
management is recommended. The American Academy of 
Neurological Surgeons discourages the use of methylpred-
nisolone for the treatment of acute spinal cord injury [62], 
although several case studies reported its use to treat AHIM 
with adequate response. Still randomized control trials are 
needed to evaluate and understand the role of corticoids and 
other potential treatments in the management of AHIM. 
Previous studies found a correlation between AIS scores 
A and B with poor prognosis or no improvement [2, 15]. 
In this case’s synthesis, we found a significant association 
between AIS score A and no improvement [3, 8, 10, 34, 42, 
49], which is concordant with previous literature. Regarding 

prognosis, only 52% of cases reported a complete or moder-
ate recovery at discharge. However, the lack of longer fol-
low-up hampered the interpretation of these outcomes. Simi-
larly, patients suffering from spinal cord infarction of other 
etiologies were reported to recover some function over the 
months or years with proper rehabilitation [57]. Although 
prospective cohorts will be the ideal design to assess the 
disease’s prognosis, due to the rarity of the event, a retro-
spective analysis of AHIM patients from hospitals where 
the cases were reported could be a more feasible alternative.

Limitation and recommendations

This study provided a comprehensive synthesis of the AHIM 
evidence with a rigorous methodological approach. How-
ever, it presented some limitations. First, in our case report, 
we could not complement the imaging study with angioreso-
nance (due to limited resources) to better specify the ana-
tomical location of the injury. Second, our proposed criteria 
are preliminary and based mainly on the clinical data from 
AHIM case reports; thus, several missing data are expected. 
Also, we performed only an exploratory retrospective valida-
tion of the diagnosis criteria; therefore, future prospective 
cohort studies including an SCI control cohort will be nec-
essary to quantitatively evaluate the validity of our criteria.

Conclusions

Acute hyperextension myelopathy could occur not only 
during surfing, but also during other activities; thus, the 
surfer’s myelopathy denomination should be discouraged. 
AHIM management is often challenging due to its lack of 
effective diagnostic and treatment. For this reason, we pro-
pose practical diagnostic criteria to improve AHIM detec-
tion. Since there is no consensus for AHIM treatment yet, 
increased awareness is needed among general physicians to 
consider this differential diagnosis when assessing anam-
nesis and develop their clinical approach. Besides, aware-
ness and education are essential among sports communities 
to provide and demand proper ergonomic techniques when 
attempting recreational or professional sports activities that 
involve spine hyperextension.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00415-​021-​10775-4.

Author contributions  A-DC, L-SA, R-LE, and NM designed the case 
report; M-MC and N-FA provided the method to develop the system-
atic review; L-SA, R-LE, and N-FA independently screened titles and 
abstracts for relevance, assessed full texts for inclusion, and carried 
out data extraction; M-MC, A-DC, and P-BK conducted the formal 
analysis; A-DC, R-LE, L-SA, M-MC, N-FA, and P-BK drafted the 
manuscript; A-DC, V-RV, AW, ESS, MN, and R-SR provided clini-
cal corrections; A-DC, P-BK, V-RV, and MT revised the manuscript 

https://doi.org/10.1007/s00415-021-10775-4


1784	 Journal of Neurology (2022) 269:1776–1785

1 3

and did systematic review; MT, ESS, N-FA, and P-BK helped in the 
translation, editing, and proofing of the manuscript and contributed to 
the method report and systematic review. All authors provided critical 
revisions to the manuscript.

Funding  The present study was self-funded by the authors.

Availability of data and material  The supplementary material includes 
extra information. If more information is needed, please contact the 
corresponding authors.

Code availability  Non applicable.

Declarations 

Conflicts of interest  The authors declare no conflicts of interest.

Ethics approval  For reporting the clinical case, the authors receive 
approval from the Institutional Review Board of “Daniel Alcides Car-
rión” Hospital, Lima, Peru.

Consent to participate  The index patient provided his informed con-
sent to participate in the case report.

Consent for publication  The patient provided consent for publication 
of the case report.

References

	 1.	 Thompson TP, Pearce J, Chang GZ, Madamba J (2004) Surfer’s 
myelopathy. Spine 29(16):E353–E356

	 2.	 Chang CWJ, Donovan DJ, Liem LK, O’Phelan KH, Green DM, 
Bassin S, Asai S (2012) Surfers’ myelopathy: a case series of 
19 novice surfers with nontraumatic myelopathy. Neurology 
79(22):2171–2176

	 3.	 Freedman-Brett AMDG, Rasmussen PA, Cage-Jason M, Benzel 
EC (2015) Surfer’s myelopathy: a rare form of spinal cord infarc-
tion in novice surfers: a systematic review. Neurosurgery 2015:78

	 4.	 González-Too-Konga SAGF, Vial-Undurraga F, López-Galleguil-
los M, Brunser-Rabovich A (2015) Surfer’s Myelopathy: two case 
reports in Chile and a literature review. J Neurol Sci 2015:357

	 5.	 Maharaj MM, Phan K, Hariswamy S, Rao PJ (2016) Surfer’s mye-
lopathy: a rare presentation in a non-surfing setting and review of 
the literature. J Spine Surg (Hong Kong) 2(3):222–226

	 6.	 Steinfeld Y, Keren Y, Haddad E (2018) Spinal cord injury with 
central cord syndrome from surfing. Spinal Cord Ser Cases 4:11

	 7.	 Choi JH, Ha J-K, Kim CH, Park JH (2018) Surfer’s myelopathy : 
case series and literature review. Korean Neurosurg Soc 61:767

	 8.	 Aviles-Hernandez I, Garcia-Zozaya I, DeVillasante JM (2007) 
Nontraumatic myelopathy associated with surfing. J Spinal Cord 
Med 30(3):288–293

	 9.	 Shuster A, Franchetto A (2011) Surfer’s myelopathy-an unusual 
cause of acute spinal cord ischemia: a case report and review of 
the literature. Emerg Radiol 18(1):57–60

	10.	 Albuja AC, Qaiser S, Lightner DD, Raslau FD, Zafar MS, Bernard 
PA, Baumann RJ (2017) Surfer’s myelopathy without surfing: a 
report of two pediatric patients. Spinal Cord Ser Cases 3:17008

	11.	 Reisner A, Chern JJ, Grattan-Smith JD, Gary MF, Palasis S, Little 
SB (2017) Letter: Surfer’s myelopathy: a rare form of spinal cord 
infarction in novice surfers: a systematic review. Neurosurgery 
80(3):E213

	12.	 Davis GA, Klug GL (2000) Acute-onset nontraumatic paraple-
gia in childhood: fibrocartilaginous embolism or acute myelitis? 
Child’s Nervous Syst 16(9):551–554

	13.	 Reisner A, Gary MF, Chern JJ, Grattan-Smith JD (2013) Spi-
nal cord infarction following minor trauma in children: fibro-
cartilaginous embolism as a putative cause. J Neurosurg Pediatr 
11(4):445–450

	14.	 Teixeira S, Moser F, Kotton RH (2016) Imaging features and 
differentials in surfer’s myelopathy: a case report. Emerg Radiol 
23(1):89–92

	15.	 Nakamoto BK, Siu AM, Hashiba KA, Sinclair BT, Baker BJ, Ger-
ber MS, McMurtray AM, Pearce AM, Pearce JW (2013) Surfer’s 
myelopathy: a radiologic study of 23 cases. AJNR Am J Neuro-
radiol 34(12):2393–2398

	16.	 Scatchard R, Alves Rosa J, Bowen P, Mortimer A, Sharples PM, 
Lux AL (2018) A case report: paediatric surfer’s myelopathy. Eur 
J Paediatric Neurol 22(1):199–202

	17.	 Green E, Zishan US, Robertson N, Papanikitas J, Yanny S, Hughes 
R, McKean D (2018) Non-traumatic myelopathy associated with 
prolonged hyperextension during swimming: an unusual variation 
of Surfer’s Myelopathy. Spinal Cord Ser Cases 4:22

	18.	 Wadia S, Padmanabhan P, Moeller K, Rominger A (2015) Pedi-
atric Surfer’s Myelopathy. J Emerg Med 49(5):e143-145

	19.	 Mohr JPBO, Barnett HJ (1998) Spinal cord ischemia. In: Mohr 
JPSB, Yatsu FM (ed) Stroke pathophysiology, diagnosis, and man-
agement. Churchill Livingstone, Philadelphia, p 423

	20.	 Dillen WL, Hendricks BK, Mannas JP, Wheeler GR (2018) Surf-
er’s myelopathy: a rare presentation in a teenage gymnast and 
review of the literature. J Clin Neurosci 50:157–160

	21.	 Shukla V, Kleppe S, Walters W (2018) Surfer’s Myelopathy in 
Pediatric population. Neurology 2018:90

	22.	 Takakura T, Yokoyama O, Sakuma F, Itoh R, Romero RR (2013) 
Complete paraplegia resulting from surfer’s myelopathy. Am J 
Phys Med Rehabil 92(9):833–837

	23.	 Aoki M, Moriizumi S, Toki M, Murakami T, Ishiai S (2013) 
Rehabilitation and long-term course of nontraumatic myelopathy 
associated with surfing. Am J Phys Med Rehabil 92:828–832

	24.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioan-
nidis JP, Clarke M, Devereaux PJ, Kleijnen J, Moher D (2009) 
The PRISMA statement for reporting systematic reviews and 
meta-analyses of studies that evaluate health care interventions: 
explanation and elaboration. PLoS Med 6(7):e1000100

	25.	 Riley DS, Barber MS, Kienle GS, Aronson JK, von Schoen-
Angerer T, Tugwell P, Kiene H, Helfand M, Altman DG, Sox H 
(2017) CARE guidelines for case reports: explanation and elabo-
ration document. J Clin Epidemiol 89:218–235

	26.	 Bickley CRJ, Belyea MCM, Harpstrite CRJK, Kyong S, Min M 
(2021) Surfing injuries: a review for the orthopaedic surgeon. 
JBJS Rev 9:4

	27.	 Murad MH, Sultan S, Haffar S, Bazerbachi F (2018) Methodo-
logical quality and synthesis of case series and case reports. BMJ 
Evid-Based Med 23(2):60–63

	28.	 Popay J, Roberts H, Sowden A, Petticrew M, Arai L, Rodgers 
M, Britten N, Roen K, Duffy S (2006) Guidance on the conduct 
of narrative synthesis in systematic reviews: a product from the 
ESRC Methods Programme

	29.	 Me KMKAWK (2010) A case of surfers’ myelopathy. Am J Clin 
Med 2010:7

	30.	 Alzahrany M, McVeigh S, Parks N (2019) Paraplegia on vacation: 
Surfer’s myelopathy variant. Neurology 92:15

	31.	 Bakhsheshian J, Chang KE, Strickland BA, Donoho DA, Christian 
EA (2016) Teaching neuro images: acute neurologic deficits due 
to surfer’s myelopathy. Neurology 87(17):e206–e207

	32.	 Bouattour N, Farhat N, Sakka S, Hdiji O, Daoud S, Moalla 
K, Damak M, Mhiri C (2021) An unusual case of acute 



1785Journal of Neurology (2022) 269:1776–1785	

1 3

myelopathy: Surfer’s myelopathy in a teenage gymnast. Rev Neu-
rol 177(6):717–719

	33.	 Choi J, Seok HY, Kim Y, Kim BJ (2017) Surfer’s myelopathy 
mimicking infectious myelitis. J Clin Neurol (Seoul, Korea) 
13(2):207–208

	34.	 Chung HY, Sun SF, Wang JL, Lai PH, Hwang CW (2011) Non-
traumatic anterior spinal cord infarction in a novice surfer: a case 
report. J Neurol Sci 302(1–2):118–120

	35.	 Cipriano K, Mansfield JT, Batal H, Gosai E (2020) Nontraumatic 
acute hyperextension myelopathy associated with weightlifting 
"nontraumatic hyperextension myelopathy. Am J Phys Med Reha-
bil 2020:5

	36.	 Dhaliwal PP, Cenic A, Eesa M, du Plessis S (2011) An unu-
sual case of myelopathy: surfer’s myelopathy. Can J Neurol Sci 
38(2):354–356

	37.	 Fessa CK, Lee BS (2012) An Australian case of surfer’s myelopa-
thy. Clin J Sport Med 22(3):281–283

	38.	 Gilbert C, Kirshblum S, Miller A, Nieves J (2020) Surfer’s mye-
lopathy: an atypical case presentation. Spinal Cord Ser Cases 
6(1):46

	39.	 Karabegovic A, Strachan-Jackman S, Carr D (2011) Surfer’s 
myelopathy: case report and review. CJEM 13(5):357–360

	40.	 Klontzas ME, Hatzidakis A, Karantanas AH (2015) Imaging find-
ings in a case of stand up paddle surfer’s myelopathy. BJR Case 
Rep 1(1):20150004

	41.	 Levy R, Guimaraes C, Partap S (2020) Acute hyperextension 
“surfer’s” myelopathy in a gymnast: bending over backwards for 
diagnosis. Neurology 94:15

	42.	 Lieske J, Cameron B, Drinkwine B, Goretzke S, Alemi L, Need-
ham K, Ventura J, Ho VT, La Barge DV (2011) Surfer’s mye-
lopathy-demonstrated by diffusion-weighted magnetic resonance 
imaging: a case report and literature review. J Comput Assist 
Tomogr 35(4):492–494

	43.	 Lin CY, Fu JH, Li SC, Lai PH (2012) Surfer’s myelopathy. QJM 
105(4):373–374

	44.	 Matarazzo M, Castaño Leon A, Labiano Fontcuberta A, Zurita 
Santamaria J, Ramos Gonzalez A (2012) Surfer’s myelopathy, 
first European case. J Neurol 259(1):S118

	45.	 Nakano H, Yamamoto D, Yamagami H, Sekine I, Ofuchi H (2019) 
Paraplesia after surfing in a young female novice surfer: a case 
report on surfer’s myelopathy. Acute Med Surg 6(3):312–315

	46.	 Rider E, Gold CA (2018) Young Man With Paraparesis. Ann 
Emerg Med 72(3):e19–e20

	47.	 Too-Kong SG, Grau FA, Undurraga FV, Galleguillos ML, Rabo-
vich AB (2015) Surfer’s Myelopathy: two case reports in Chile 
and a literature review. J Neurol Sci 357:E379–E379

	48.	 Yang MX, Ault MJ (2019) A paralyzing vacation: surfer’s mye-
lopathy. Am J Med 132(11):1289–1291

	49.	 Wang Y, Zhu F, Zeng L, Wang S, Liu Y, Yang L, Zhao W, Zhou 
Y, Wu Z, Li M et al (2021) Surfer myelopathy in children: a case 
series study. World Neurosurg 148:e227–e241

	50.	 Yang SY, Lee JM (2020) Golfer’s myelopathy: is it like surfer’s 
myelopathy? Ann Indian Acad Neurol 23(5):714–715

	51.	 Dimmick S, Brazier D, Wilson P, Anderson SE (2013) Injuries 
of the spine sustained whilst surfboard riding. Emerg Radiol 
20(1):25–31

	52.	 Barber K, Sarmiento C, Niehaus W (2020) Hyperextension-
induced dorsal cord syndrome: case presentation. PM R 
12(5):518–521

	53.	 Bouattour N, Farhat N, Sakka S, Hdiji O, Daoud S, Moalla K, 
Damak M, Mhiri C (2021) An unusual case of acute myelopathy: 
Surfer’s myelopathy in a teenage gymnast. Rev Neurol (Paris) 
176:717–719

	54.	 Cipriano K, Mansfield JT, Batal H, Gosai E (2020) Nontraumatic 
acute hyperextension myelopathy associated with weightlifting 
nontraumatic hyperextension myelopathy. Am J Phys Med Rehabil 
2020:5

	55.	 Zalewski NL, Rabinstein AA, Krecke KN, Brown RD, Wijdicks 
EFM, Weinshenker BG, Kaufmann TJ, Morris JM, Aksamit 
AJ, Bartleson JD (2019) Characteristics of spontaneous spinal 
cord infarction and proposed diagnostic criteria. JAMA Neurol 
76(1):56–63

	56.	 World Health Organization, International Spinal Cord Society 
(2013) International perspectives on spinal cord injury. World 
Health Organization

	57.	 Robertson CE, Brown RD Jr, Wijdicks EFM, Rabinstein AA 
(2012) Recovery after spinal cord infarcts: long-term outcome in 
115 patients. Neurology 78(2):114–121

	58.	 Mariano RFE, Weinshenker BG et al (2018) A practical approach 
to the diagnosis of spinal cord lesions. Pract Neurol Epub 
18:187–200

	59.	 RW H (2006) Spinal vascular disorders. In: Resonance imaging 
of the brain and spine. SW A (ed) Philadelphia Lippincott, p 1387

	60.	 Cheng MY, Lyu RK, Chang YJ, Chen CM, Chen ST, Wai YY, Ro 
LS (2009) Concomitant spinal cord and vertebral body infarction 
is highly associated with aortic pathology: a clinical and magnetic 
resonance imaging study. J Neurol 256(9):1418–1426

	61.	 Weidauer S, Nichtweiß M, Hattingen E, Berkefeld J (2015) Spinal 
cord ischemia: aetiology, clinical syndromes and imaging features. 
Neuroradiology 57(3):241–257

	62.	 Walters BC, Hadley MN, Hurlbert RJ, Aarabi B, Dhall SS, Gelb 
DE, Harrigan MR, Rozelle CJ, Ryken TC, Theodore N (2013) 
Guidelines for the management of acute cervical spine and spinal 
cord injuries: 2013 update. Neurosurgery 60(CN_suppl_1):82–91


	Is Surfer’s myelopathy an acute hyperextension-induced myelopathy? A systematic synthesis of case studies and proposed diagnostic criteria
	Abstract
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Systematic search
	Study selection
	Quality assessment
	Data extraction and narrative synthesis

	Results
	Case report
	Systematic review
	Quality of the included studies
	Narrative synthesis
	Proposed diagnostic criteria

	Discussion
	Pathogenesis and pathophysiology
	Clinical and imaging findings
	Treatment and prognosis
	Limitation and recommendations

	Conclusions
	References




