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Spinal cord injury without radiographic R

abnormality (SCIWORA) in Tianjin, China:
a single-center report of 101 cases

Bo Yang'?!, PuWang'", Mengchen Zhang?, Yang Liu® and Fujiang Cao'”

Abstract
Study design A retrospective cohort study.

Objective This study aimed to investigate the recent epidemiological characteristics of spinal cord injury with-
out radiographic abnormality (SCIWORA) in adult patients at Tianjin Medical University General Hospital, China,
from 2018 to 2022.

Setting Tianjin Medical University General Hospital.

Methods This study included all SCIWORA patients aged > 16 years who were accepted by a general hospital

from January 2008 to December 2022. Epidemiological characteristics including sex, age, occupation, etiology, seg-
ment of spinal injury, American Spinal Injury Association (ASIA)-ISCoS impairment scale at admission, severity, death
and its cause, concomitant injuries and treatment choice were recorded.

Results A total of 101 patients met the criteria for the study. The average age at injury was 54.7 £ 12.3 years (males:
54.7+12.2 years and females: 54.2 +12.8 years), with a range of 18-83 years, and the male/female ratio was 4.6:1. The
main reason was low falls (53.5%). C4 was the most commonly involved segment. Fifteen (14.9%) patients experi-
enced clinical complications; the most common complication was electrolyte disorder (4.0%), and the most common
concomitant injuries were maxillofacial injury (29.7%), followed by head injury (9.9%). Regarding severity, ASIA grade C
was encountered most frequently. Surgery was the main treatment choice (84.1%).

Conclusion The epidemiology of adult SCIWORA has unique characteristics. Low falls were the major reason,
and the proportion of males was higher. Retired individuals were those at higher risk, and the average age at injury
onset was in the middle-aged and elderly range. Surgical treatment was the major treatment choice.
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Introduction

Spinal cord injury without radiographic abnormality
(SCIWORA) was coined in 1982 by Pang and Wilberger
in a pediatric population [1].This abbreviation denotes a
clinically posttraumatic syndrome in the absence of spinal
cord injury on conventional X-rays and/or computerized
tomographic (CT) [2]. In 2004, Pang reviewed his work
and defined SCIWORA as a posttraumatic symptoms
with no evidence of fractures, dislocations, or subluxa-
tions on X-ray/CT scans, and further confirmed by MRI
to exclude extradural compressive lesions(ligamentous
hypertrophy or disc herniation) [3]. Based on previous
studies, SCIWORA was initially believed to only affect
pediatric patients [4], whereas recent studies have proven
that this entity can also occur in adults [5]. Furthermore,
the advent of magnetic resonance imaging (MRI) has
enabled it to accurately characterize patients diagnosed
with SCIWORA [6]. Epidemiological data has also shown
the prevalence of SCIWORA is between 13% and 19% in
pediatric patients and between 10% and 12% in adults [6,
7].

It is generally considered that the incidence, pathogen-
esis and severity of adult SCIWORA are different from
those of pediatric patients. SCIWORA may have cata-
strophic consequences. The most typical clinical manifes-
tation of SCIWORA patients is more severe neurological
defects in the upper limbs than in the lower limbs [8].
SCIWORA in the majority of adults is caused by hyper-
extension forces, which may most commonly occur in
rear-end accidents or from a direct frontal impact to the
face [6, 9]. Elderly patients with degenerative spine con-
ditions (spondylosis or spinal canal stenosis) are predis-
posed to SCIWORA injuries. Research has demonstrated
that the range of increased signal intensity (ISI) reflects
the severity for symptom and prognosis for neurologic
outcome in patients with SCTWORA [10].

To date, articles and sample sizes concerning the epide-
miology of adult SCIWORA are relatively insufficient. To
summarize epidemiologic trends and contribute to health
care planning for SCIWORA, we identified and reviewed
the patients’ medical records who underwent SCTWORA
and were admitted to Tianjin Medical University General

Table 1 Inclusion and exclusion criteria of the present study
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Hospital (TMUGH). The inclusion period was from Janu-
ary 1, 2018, to December 31, 2022.

Patients and methods

This retrospective cohort study included all data from
SCIWORA patients in TMUGH were retrospectively
identified and reviewed (inclusion time period: January
1, 2018, to December 31, 2022). TMUGH is a tertiary
teaching hospital specializing in orthopedics and trauma
treatment. The study protocol was subject to approval
by the institutional ethics committee. During the 5-year
follow-up study period, 101 patients met the criteria of
this study.

In this retrospective cohort study, the exclusion crite-
ria (Table 1) were age < 16 years, radiological evidence of
trauma (fractures, dislocations, or subluxations), and an
associated severe traumatic brain injury.

In our emergency medicine department, all patients
were treated under the guidance of the Advanced Trauma
Life Support protocols and underwent a radiographic
evaluation, including CT and MRI, within 24 h after the
injury.

Two researchers collected and analyzed the medical
data, including sex and age, length of hospitalization,
occupation, etiology, segment of spinal injury, ASIA-
ISCoS grade and neurological levels, concomitant inju-
ries, clinical complications, treatment (conservative or
surgical approach treatment) and cause of death.

During the analytical process, we classified patients
based on their age into six age groups: 16-30, 31-45,
46-60, 61-75 and>76 vyears. Occupations included
retired individuals, workers, peasants, staff, freelancers,
and students. The types of injuries that led to neurologi-
cal deficits were divided into complete and incomplete
injuries, and paralysis was divided into tetraplegia and
paraplegia. The ASIA-ISCoS scale was used to evaluate
the severity of motor and sensory functions below the
injury. Concomitant injuries such as maxillofacial injury,
head injury, fractures of the ribs or limbs and chest injury
were reviewed in our study.

Two researchers analyzed the data in a Microsoft Excel
spreadsheet and then conducted two cross checks to

Inclusion criteria

Exclusion criteria

(1) Age>16 years or older
(2) Positive history of trauma
(3) Confirmed SCIWORA

(Patients presented with neurological deficit plus normal X-ray or CT
but abnormal MRI on initial presentation)

1
2
(3) Associated severe traumatic brain injury

(1) Age <16 years

(2) Radiological evidence of trauma (fractures, dislocations, or subluxations)
(4) MRI evidence of compressive lesions (disc herniation with canal steno-
sis>50%, ligamentum flavum hypertrophy)

SCIWORA, Spinal cord injury without radiologic abnormalities
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ensure the accuracy of the information. For statistical
analysis, data were performed using GraphPad Prim 8
(GraphPad Software Inc. La Jolla, CA, USA). p<0.05 was
considered statistically significant. Continuous data are
presented as proportions and mean + standard deviation
(SD).

Results

A total of 101 SCIWORA patients were identified in the
medical data, and the numbers in each year between 2018
and 2022 were 27, 26, 12, 18 and 18, respectively (Fig. 1).
The mean length of hospitalization was 54.6 + 14.6 days,
with a range of 3-72 days.

Sex and age

We present the age and gender distribution in Table 2.
Among all included patients, 82.1% (83) of the patients
were male, and 17.8% (18) were female. The ratio of
males to females was 4.6:1. The average age at injury
onset was 54.7+12.3 years (male 54.7+12.2 years and
female 54.2 + 12.8 years), with a range of 17-83 years. The
top two age groups were 46—60 years and 61-75 years,
accounting for 75.2%.

Occupations

The occupations of SCIWORA patients included retired
individuals (30.7%), workers (21.8%), peasants (16.8%),
staff (15.8%), freelancers (13.9%), and students (1.0%).
Retired individuals accounted for 30.7% and workers
accounted for 21.8%, together accounting for more than
half of all included patients (Table 2).

30
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Fig. 1 Annual number of SCIWORA patients during 2018-2022
in Tianjin Medical University General Hospital
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Etiology of the injury

Analysis of the acquired data (Table 2) showed that
falls (60.4%), including low falls and high falls (53.5%
and 6.9%), were the main reason for injury, followed by
MVCs (34.6%). High altitude falling objects were the
third most common cause (5.0%).

For the group under 76 years old, the low fall mor-
bidity of SCIWORA increased with age (20% for the
16-30-year age group and 70.3% in the 61-75 age
group). MVCs were the second cause of SCIWORA and
were dominant in the 31-45-year age group (Fig. 2).

Segment of spinal injury

The segment of spinal injury and their distribution
modes are represented in Fig. 3, the most common
level was C4, followed by C5 accounting for 88.1% and
81.2%, respectively.

ASIA-ISCoS grade and neurological levels

As revealed in Fig. 4, ASIA grade C injuries were the
most prevalent (58 cases, 57.4%), followed by grade D
(34 cases, 33.7%). Regarding the severity of injury, there
were 8 cases (7.9%) of complete tetraplegia, 92 cases
(91.1%) of incomplete tetraplegia, and 1 case (1.0%) of
complete paraplegia.

The main cause for complete injuries was low falls
followed by MVCs accounting for 57.6% and 37.0%,
Meanwhile, 77.8% of incomplete injuries were caused
by low falls while the remaining cases were caused by
MVCs.

Concomitant injuries

The data revealed that 53 patients (43.6%) had con-
comitant injuries, and the most common concomi-
tant injury was maxillofacial injury (30 cases, 29.7%),
followed by head injury (10 cases, 9.9%), fractures
of the ribs or limbs (7 cases,6.9%) and chest injury (5
cases,5.0%). MVCs (61.4%) and low falls (27.3%) were
the two major causes of concomitant injuries in SCI-
WORA patients (Table 2).

Clinical complications

Of the 101 patients, clinical complications occurred in
14.9% of SCIWORA patients. Electrolyte disorder (4
cases, 4.0%), DVT (3 cases, 3.0%), respiratory failure (2
cases, 2.0%) and hypoalbuminemia (2 cases,2.0%) were
the top three complications (Table 2).

Treatment

Sixteen patients (15.8%) accepted conservative treat-
ment, additionally, the remaining patients (84.1%)
accepted surgical treatment. Surgical approaches
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Table 2 Characteristics of patients with SCIWORA in Tianjin Medical University General Hospital, China from 2018 to 2022

2018 2019 2020 2021 2022 Total
Number of cases 27 26 12 18 18 101
Age (years)
16-30 0 2 0 3 0 5
31-45 5 3 4 4 3 19
46-60 13 11 3 5 6 38
61-75 8 10 4 6 9 37
76— 1 0 1 0 0 2
Average age 56.4 54.5 534 499 57.8 547+123
Hospitalization, days 27.7 18.6 20.5 19.9 18.6 215£119
Sex
Male 25 23 8 14 13 83
Female 2 3 4 4 5 18
Etiology
MVCs 4 8 7 9 7 35
Low falls 18 15 4 7 10 54
High falls 2 2 1 1 1 7
Falling objects 3 1 0 1 0 5
Occupation
Workers 7 9 0 4 2 22
Staff 6 2 5 2 1 16
Peasants 2 7 3 1 4 17
Retired individuals 11 8 4 4 4 31
Freelancer 1 0 0 6 7 14
Students 0 0 0 1 0 1
ASIA score
A 1 2 0 1 0 4
B 2 2 1 0 0 5
C 14 13 7 1 13 58
D 10 9 4 6 5 34
Therapy
Nonoperative 4 5 5 2 0 16
Anterior approach 4 5 3 5 6 23
Posterior approach 19 16 4 1M 12 62
Complication
Wound infection 1 0 0 0 0 1
Electrolyte disorder 1 1 0 0 1 3
DVT 1 1 0 1 1 4
Respiratory failure 1 1 0 0 0 2
Urinary infection 0 1 0 0 0 1
Hypoalbuminemia 0 1 0 1 0 2
Gastrointestinal bleeding 0 0 1 0 0 1
Thrombocytopenia 0 0 0 0 1 1
Associated trauma
No 21 13 5 9 9 57
Fracture 1 4 0 1 1 7
Head injury 4 2 2 2 0 10
Maxillofacial injury 3 7 6 6 8 30
Chest injury 0 2 0 1 2 5
Severity
Complete tetraplegia 3 4 1 0 0 8
Incomplete tetraplegia 24 22 11 17 18 92
Complete paraplegia 0 0 0 1 0 1

Incomplete paraplegia 0 0 0 0 0 0
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Table 2 (continued)
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ASIA, American Spinal Injury Association; MVCs, motor vehicle collisions; SCIWORA, Spinal cord injury without radiographic abnormality; DVT, Deep venous

thrombosis
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Fig. 2 Percentages of SCIWORA according to age groups by etiology of the injury
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Fig. 3 Distribution histogram of segment of spinal injury of the 101
SCIWORA patients

included anterior approach (23 cases, 27.1%) and poste-
rior approach (62 cases, 72.9%). The average ages of the
conservative treatment group, anterior approach group,
and posterior approach treatment group were 50.5, 49.8
and 57.6 years, respectively. The posterior approach
group was higher than the anterior approach group
(p<0.05). Figure 5 showed a 43-year-old woman expe-
rienced limb weakness and numbness in both upper
limbs (ASIA grade C impairment) after a low acciden-
tal fall, and MRI showed spinal cord hyperintensity
at C5-C6 level, no vertebral fracture or ligamentous
injury.

76-
30 B ASIAA
— B ASIAB
I ASIAC
20 ] ASIAD

10

0- T
2018 2019 2020 2021 2022

Fig. 4 Distribution histogram of neurological level classified by ASIA
ISCoS impairment scale at admission of the 1017 SCIWORA patients

Death and the cause of death

Two patients died while in hospital. One patient died
before surgery; one patient died after surgery. Both of
them suffered cervical injuries from low falls. The first
one died as a result of respiratory failure, and another
died of respiratory cardiac arrest.

Discussion

Currently, most studies suggest that adult SCIWORA is
uncommon and the majority of epidemiological studies
on SCIWORA were conducted in pediatric age [11, 12].
However, due to the unique nature of this type of SCI,
adult SCIWORA has received increasing attention in
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Fig. 5 A 43-year-old woman experienced limb weakness and numbness in both upper limbs after a low accidental fall. a: A sagittal T2-weighted
image showed spinal cord hyperintensity at C5-C6 level and mild disc herniation in the same segment. b: An axial T2-weighted image of this
43-year-old woman. c: A two-dimensional computed tomography (2D-CT) showed absence of fracture or dislocation, alongside mild degenerative
alterations. d: A lateral X-ray after the ACDF(C5-C6) surgery

recent years. Therefore, we describe the epidemiological
and clinical characteristics of patients with SCIWORA in
TMUGH, as well as the tendency over 5 years.

In this series, the SCIWORA patient counts in each
year between 2018 and 2022 were 27, 26, 12, 18 and 18,
respectively. In the last three years, we recorded that the
number of SCIWORA patients was significantly lower
than that in the previous two years. We speculate that
this is due to a result of the COVID-19 pandemic and
government lockdown measures for the disease, thereby
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impacting related trauma occurrences. The average age
at injury was 54.7 £ 12.3 years (male 54.7 +12.2 years and
female 54.2 +12.8 years), which was younger than that in
previous research [13]. There was no statistical difference
in the age of onset between males and females (p>0.05).
The highest incidence age group was 46—60, followed
closely by the 61-75-year age group in terms of the age at
onset. In Qatar, the largest age group was under 45 years
[14]. Strong sex-based differences have been observed.
Regarding for gender, male patients with SCIWORA
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accounted for the majority. The ratio of male to female
SCIWORA patients was 4.6:1, which was higher than
that of pediatric patients, and their sex ratio ranged from
1.45:1 to 1.6:1 [15-17]. However, the ratio was less than
that in a previous local adult study [13].

Furthermore, we observed that low falls were the pri-
mary reason for SCIWORA by screening the etiology
of the injury in our series. In this study, the origin of
trauma was related to low- energy injury, and accidental
fall was the primary reason in the age>16 group, which
was different from that of the pediatric group. Knox elu-
cidated the age-related variations in injury mechanisms
in a series of 297 children with SCIWORA. In his study,
MVCs were the primary reason for injury in the 0-10-
year age group (38-40%). Meanwhile, sports-related
injuries were considered as the most common injury
mechanism in 11-17-year age group (57%) [18]. In addi-
tion, this study also examined the trend of etiology speci-
ficity in age stratification (Fig. 4).

Among the total SCIWORA patients aged 75 years or
below, the numbers due to MVCs in all patients were
stable. Similarly, in our study, the number of adult SCI-
WORA patients with low falls continued to increase with
age. According to reports, falls are also one of the main
reasons for TSCIs, especially in later years of life [19, 20],
and similarly, the number of patients with SCIWORA
caused by low falls continued to increase with age in our
study.

Formerly, few studies concerned the occupational
status of SCIWORA patients. We analyzed the occupa-
tional status: retired individuals and workers accounted
for 30.7% and 21.8%, respectively, which is different from
Q WU's reports on TSCI [21]. In his reports, the highest
proportion was peasants, followed by retired individu-
als, and then workers. The diversity of occupations might
be attributed to the differences in pathophysiology. As
is well known, the retirement age in urban China is over
60 years old, thus we should pay more attention to retired
individuals.

Regarding the level of injury, C4 was the most com-
monly involved segment, followed by C5 and C3. Cervi-
cal myelopathy had similar distribution characteristics
[22]. The theoretical basis of spinal cord fragility is that
thoracic and lumbar vertebrae have greater stability in
terms of strength and accessory structures than cervical
vertebrae. Our study showed a unimodal distribution of
injury level. Among them, cervical injury accounted for
99%, and only one case of SCIWORA at the thoracic level
was reported. The ultimate data showed that the vast
majority of patients had incomplete paraplegia (91.1%).
Regarding the SCIWORA severity, we observed the
incidence of ASIA C (57.4%) followed by ASIA D inju-
ries, which was inconsistent with the pediatric series and
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TSCI series [23, 24]. This result indicated that adult SCI-
WORA had unique epidemiological characteristics.

In our series, the mortality rate was lower (1.98%)
and was related to older age. The direct causes of death
were respiratory cardiac arrest and respiratory failure.
The incidence of comorbidities and complications in the
elderly population was high, and the reserve was low.
According to reports, there were higher rates of comor-
bidities, complications and lower reserve in the older
population [25].

Among 101 cases, 16 patients (15.8%) accepted con-
servative treatment, and 85 patients (84.1%) accepted
surgical treatment. However, previous reviews suggest
that due to the lack of spinal fractures or dislocations in
SCIWORA, conservative strategies, such as immobiliza-
tion or corticosteroid therapy, are the pillar of therapy [3,
26].

Our results aligned with Qi et al. [27], demonstrated
that surgery was the primary clinical treatment for SCI-
WORA patients, but conservative treatment still played
an important role in patients with incomplete spinal
cord injury. We speculated that the reason for this is
that TMUGH, as the largest medical center in Tianjin,
accepted most SCIWORA patients who were recom-
mended for surgical treatment in subordinate hospitals.
Based on current data and previous experience, there
is still controversy in the literature regarding surgical
treatment of SCIWORA. Our results revealed that most
patients chose surgery for trying to improve their quality
of life.

Nevertheless, this study presented several limitations.
(1) As a hospital-based retrospective study, it was una-
voidable that some medical data might have been miss-
ing. (2) SCIWORA patients younger than 15 years were
not regularly attended to in our hospital. Thus, there
were no patients aged 0—15 in our data. (3) We could not
access patients with severe brain injury because these
patients were first admitted to the neurosurgery intensive
care unit. (4) Complications had not been fully diagnosed
and recorded in medical records. Despite these limita-
tions, we still believe that valuable epidemiological infor-
mation is contained on our study, enabling us to obtain a
deeper understanding SCIWORA.

Conclusions

This study described the epidemiological characteristics
of adult SCIWORA patients admitted to TMUGH from
January 2018 to December 2022. The data indicated that
SCIWORA had unique characteristics. Low falls were the
major reason, and the proportion of males was higher.
Retired individuals were those at higher risk, and the
average age at injury onset was in the middle-aged and
elderly range. Surgery was the major treatment choice.
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These data may be useful to implement health care plan-
ning focused on the characteristics of different groups
and pay more attention to high-risk populations.
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