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Study design: Systematic review.
Objectives: The objective of this study is to systematically review the literature for pediatric cases of spinal cord injuries without
radiologic abnormality (SCIWORA) to investigate any possible relationship between initial neurologic impairment and eventual
neurologic status.
Setting: A university department of orthopedics.
Methods: Following the preferred reporting items for systemic reviews and meta-analysis (PRISMA) guidelines for systematic review,
the databases of PubMed and OvidSP were electronically searched for articles that use individuals under 18 years old, have trauma
resulting in spinal cord injury and have no fractures or dislocations on radiographs. When available, the patients’ age, sex, mechanism
of injury and spinal cord level were recorded. Individuals with cervical injury, who had specific information on cervical level and
mechanism of injury, were recorded as well. Patients who reported specific magnetic resonance imaging findings and the time from the
injury were also reported. When possible, the American Spinal Injury Association Impairment Scale (AIS) was determined initially after
the injury and then at last follow-up.
Results: A total of 433 pediatric patients were identified with SCIWORA. The most prevalent mechanism of injury was sports-related
injury cases (39.83%) followed by fall (24.18%) and motor vehicle-related (23.18%) injuries. The mean improvement recorded for all
patients was 0.89 AIS grades.
Conclusion: The most common mechanism of injury was sports-related and cervical injury, which occurred more frequently than other
levels. Initial AIS grade A showed poorer outcomes in the pediatric population compared with the adult population. Initial presentation
of D showed the highest likelihood of no permanent neurologic impairment (AIS of E).
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INTRODUCTION

Spinal cord injuries without radiologic abnormality (SCIWORA) was
first described by Pang and Wilberger in 1982.1 Although now known
to also occur in adults, they defined it as ‘children with objective signs
of myelopathy as a result of trauma, whose plain films of the spine,
tomography, and occasionally myelography carried out at the time of
admission showed no evidence of skeletal injury or subluxation.’1

Mechanisms of injury for pediatric SCIWORA usually is a form of
blunt trauma, including motor vehicle related, falling, sports related
and child abuse.2

Swift diagnosis of SCIWORA is essential for properly managing
these patients. It is possible that diagnoses could be delayed,
because the negative radiographic findings make diagnosis inherently
challenging. More recently, magnetic resonance imaging (MRI) has
been used increasingly to determine the extent of soft tissue injury.3

Treating SCIWORA usually consists of conservative management
including spinal immobilization and steroid therapy.2

Since Pang and Wilberger first defined SCIWORA, there have been
many case reports and case series in the literature describing this
syndrome. There is one systematic review by Launay et al.,4 which was
published in 2005, but there have been no recent investigations on this
topic. The purpose of this study was to update the epidemiology and

outcomes of the literature concerning this injury. A systematic review
is necessary to distill all of the most current literature for the treatment
for SCIRWORA. Such a review will provide a ‘birds-eye’ view of the
larger clinical picture regarding the outcomes of SCIWORA injuries.
Furthermore, another goal of this research was to see what, if any,
relationship exists between the initial neurologic impairment and
eventual neurologic status through mean America Spinal Injury
Association Impairment Scale (AIS) improvement stratified by injury
grade. Knowledge of such information could be of great importance
for clinicians treating these injuries, as it could potentially help to
achieve better outcomes in children with these conditions.

MATERIALS AND METHODS
The preferred reporting items for systemic reviews and meta-analysis
(PRISMA) guidelines for systematic review were followed. On 18–19 March
2014, a systematic computerized search was performed with PubMed and
OvidSP databases via four reviewers that used the same criteria and a shared
Excel spreadsheet. Each reviewer was responsible for inputting certain
information into the spreadsheet. This information was then corroborated by
the other reviewers as they read through the information and included their
own portion of the data into the spreadsheet. Therefore, this allowed for direct
comparison of the same data between multiple reviewers. When discrepancies
arose, they were directly addressed by the reviewers as a group. Inclusion
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criterias were as follows: (1) use individuals under 18 years old; (2) have trauma
resulting in spinal cord injury; and (3) have no fractures or dislocations on
radiographs. The entire research process is outlined in a flowchart format as
Figure 1. The initial search returned 254 results—all of which were
retrospective in nature. Both case reports and case series were included.
Restricting the search to papers written in English language left 226 articles.
Articles that were not available in full-text format via our databases or that were
duplicates were removed, yielding 130 results. The OvidSP search included the
following: Biological Abstracts Archive (1926–1968), Biological Abstracts
Archive (1926–1968), BIOSIS Previews Archive (1926–1968), BIOSIS Previews
(1969–2004), CAB Abstracts (1973–1989), CAB Abstracts Archive (1910–1972),
Journals@Ovid, Ovid MEDLINE In-Process and Other Non-Indexed Citations,
Ovid MEDLINE and Ovid OLDMEDLINE (1946 to present), PsycARTICLES
Full Text, PsycCRITIQUES (1956 to February 2014), PSYNDEXplus Literature
and Audiovisual Media (1977 to February 2014), PSYNDEXplus Tests (1945 to
February 2014) and Your Journals@Ovid. The search for PubMed and OvidSP
was ‘((Sciwora OR Sciworet OR Sciwoctet OR spinal cord injury without
abnormality OR spinal concussion)) AND (pediatric OR children OR child)’.
Results were entered into a reference manager (Endnote X7, Thompson
Reuters, Carlsbad, CA, USA).
The abstracts of the initial 130 articles were read, and articles that were

reviews, basic science, editorials, letters to the editor, used national databases or
otherwise not meeting the inclusion criteria for the study were removed,
resulting in 51 papers. The full text of these papers were then more thoroughly
investigated for meeting inclusion criteria. Several articles collected data from
the same patient pool during the same time frame. To avoid duplicate data, this
study used only articles that studied the widest time span and were the most
comprehensive from that center, with the other repeated article being removed.
This resulted in 31 final articles. These 31 papers were further classified by
whether an AIS for each patient could be determined. AIS could be determined
for 22 articles. For all 31 articles, number of patients, sex, average age,
mechanism of injury, affected vertebral level, MRI findings, treatment, initial
AIS, eventual AIS and mean follow-up times were all attempted to be collected.

Then, using the reported initial and follow-up AIS scores, the mean improve-
ment (or deterioration) was recorded as a positive or negative integer. Positive
integers were used to reflect improvement (that is, moving from an America
Spinal Injury Association score of B to A) and negative integers were used for
declining America Spinal Injury Association scores. In addition, individuals
with specific cervical injury, mechanism of injury and age were collected if all
three were available. Lastly, patients who reported specific MRI findings and the
time from the injury were also reported. Studies were also documented if the
aforementioned information was not available. Descriptive analysis was
performed with Microsoft Excel for Mac version 2011 (Microsoft Corporation,
Redmond, WA, USA).

RESULTS

Characteristics of children with SCIWORA
There were a total of 31 journal articles that qualified for inclusion for
this study.3,5–33 From these articles, a total of 433 pediatric patients
were identified with SCIWORA. All 31 articles were retrospective in
nature, with 4 (12.90%) studies being a multicenter study. There were
17 case reports (54.84%), 9 articles that had a subgroup from larger
studies that were either observational or interventional in scope
(29.03%) and 5 articles were case series (16.13%). Demographics
and journal article details are shown in Table 1.
Mean age was documented in 401 cases with an average of 10.03

years. Sex was reported for 368 patients. There were 252 men
(68.48%) and 116 women (31.52%). There were 364 cases describing
the mechanism of injury. The most prevalent was sports-related injury
with 145 (39.83%) cases. There were 88 cases caused by fall (24.18%)
and 87 cases related to motor vehicles (23.18%). There were six cases
of abuse (1.65%). There were 38 cases (10.44%) categorized as Other,
which included 2 birth traumas. Spinal cord injury level was recorded
for 406 cases. The most common level was cervical with 354 cases
(87.19%). This was followed by thoracic with 39 cases (9.61%). There
were seven cases (1.72%) spanning cervical and thoracic levels, and six
patients (1.48%) with lumbar injury.
There were 62 cervical injury cases that had specific information on

cervical level and mechanism of injury. The most prevalent spinal cord
level involvement was C4 with 18 patients (29.03%). C7 had 16
patients (25.81%). C5 had 15 patients (24.19%), followed by C2 with
13 patients (20.97%). C3 and C6 had 12 patients each (19.35%). C8
had eight patients (12.90%). The least prevalent cervical level involved
was C1 with four patients (6.45%). Figure 2 shows the involvement of
cervical spinal cord levels. The most common mechanism of injury for
these cases was motor vehicle related with 27 (43.55%), followed by
falls with 17 (27.42%) and sports-related injury with 11 (17.74%). The
least common were abuse with three (4.84%), and two each for birth
and miscellaneous (3.24%). The average age of the 62 patients was
7.60 years old. Table 2 shows their demographics.

MRI findings
MRI imaging was documented as being performed in 224 patients
(51.73%). Of these reports, 120 were normal (53.57%). Time from
injury to initial MRI imaging was reported in 26 cases (11.61%). For
these cases, the average time was 5.35 days (range: 3 h-6 weeks). The
median time to initial MRI was 2 days. The mode was also 2 days.
There were 42 cases that reported specific initial MRI findings
(see Table 3). Edema was reported in five cases (11.90%). There
was one case (2.38%) of evidence of probable stretching. Epidural
hemorrhage was reported in one case (2.38%). Central disk herniation
occurred one time (2.38%). T1 spinal cord hypointensity was reported
seven times (16.67%). T2 hyperintensity was reported 18 times
(42.86%). Epidural hematoma was reported two times (4.76%).

Figure 1 The initial articles found and the refining process to reach the
included papers.
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Subdural hematoma was reported one time (2.38%). Atrophic spinal
cord was reported one time (2.38%). Complete transection was
reported two times (4.76%). Cerebellar ectopia was reported three
times (7.14%). Changes to the conus medullaris were reported two
times (4.76%). There were six cases of cord contusion (14.29%).
Hematomyelia was reported five times (11.90%).

Clinical course of SCIWORA in children
Of 31 articles, 22 contained sufficient information to apply the AIS to
263 cases. There were 183 patients (69.58%) presenting with AIS grade
D, 46 patients with AIS grade A (17.49%), 20 patients with AIS grade
C (7.60%) and 14 patients with AIS grade B (5.32%). There was
complete recovery (AIS grade E) in 191 patients (72.62%). AIS grade
D showed the highest rate of complete recovery (97.27%). This is
followed by AIS grade C (35.00%) and AIS grade B (21.42%). There
was no complete recovery in AIS grade A patients. Figure 3 shows
initial AIS scores for each patient and the patients AIS at the time of
last follow-up.
The mean improvement recorded for all patients was 0.89 AIS

grades (range: − 3 to 4). As shown in Figure 4, the subgroup with an
initial AIS grade A improved by 0.33 grades (range: 0–3), with initial
AIS grade B improved by 1.36 grades (range: 0–3), with initial AIS
grade C improved by 1.20 grades (range: 0–2) and with initial AIS
grade D improved by an average of 0.96 grades (range: − 3 to 1).
One patient’s neurologic condition deteriorated from AIS grade D to
A during the observation period.7

Management including steroid therapy, immobilization and
operation was recorded on 183 occasions. Of these modalities,
conservative therapy was recorded most frequently with

Table 1 Reviewed articles and selected demographics

Number Author Publication year Study Design Cases Sex NA Mean age Cause available

N Male Female

1 Baker et al.5 1999 SG R 32 NA NA NA

2 Bondurant and Oro6 1993 CR R 1 1 0 2.25 +

3 Bosch et al.7 2002 CS R 189 125 64 10.7 −

4 Brown et al.8 2001 SG R 39 28 11 10.8 −

5 Buldini et al.9 2006 CR R 2 1 1 1.35 +

6 Carreon et al.10 2004 SG R 5 NA 5.4 NA

7 Corduk et al.11 2011 CR R 1 1 0 2 +

8 Dickman et al.12 1991 CS R 26 19 7 10.5 +

9 Duprez et al.13 1998 CR R 1 1 0 2 +

10 Ergun14 2003 CR R 1 0 1 12 +

11 Feldman et al.15 2008 SG R 3 0 2 0.64 +

12 Florensa et al.16 2003 CR R 1 1 0 4 +

13 Grubenhoff and Brent17 2008 CR R 1 1 0 NA +

14 Hamilton and Myles18 1992 SG R 22 NA 10.7 NA

15 Izma et al.19 2003 CR R 3 2 1 4 +

16 Kim et al.20 2008 CR R 1 0 1 1 +

17 Lee et al.21 2006 CR R 1 1 0 1 +

18 Liao et al.22 2005 CS R 9 6 3 4.05 +

19 Mahajan et al.23 2013 CS R/MC 69 53 16 11.13 +

20 Mann and Dodds24 1993 SG R 2 1 0 1.5 NA

21 Matsumura et al.25 1990 CR R 1 0 1 3 +

22 Mortazavi et al.26 2011 CR R 1 1 0 2 +

23 O’Neil 1994 CR R 1 1 0 3 +

24 Pollina and Li 1999 CR R 1 1 0 3 +

25 Robles27 2007 CR R 1 1 0 5 +

26 Sanchez et al.28 2005 SG R 7 5 2 10.71 +

27 Shen et al.29 2007 SG R 1 0 1 6 +

28 Triglyidas et al. 2010 CS R/MC 3 2 1 11.33 +

29 Trumble and Myslinski31 2000 CR R 1 0 1 3 +

30 Wang et al.32 2004 SG R 6 NA 7.66 +

31 Yamaguchi et al.33 2002 CR R 1 0 1 14 +

Abbreviations: CR, case report; CS, case series; MC, multicenter; NA, not available; R, retrospective; SG, subgroup.
The final 31 articles that qualified for inclusion for this study.

Figure 2 The distribution of cervical level involvement from 62 cases that
reported specific levels of involvement. C4 and C7 had a slightly higher
incidence, and C1 and C8 had the fewest number of patients.
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immobilization and steroid therapy as being documented 115 times
(62.84%) and 62 times (33.88%), respectively. Six cases (3.28%) were
treated operatively, including one lumbar drainage and one decom-
pression. Mean follow-up time was recorded for 65 cases with an
average of 30.4 months (range: 1–66 months).

DISCUSSION

Spinal cord injuries can be negatively life-altering injuries; thus, early
diagnosis is essential to ameliorate permanent damage. In young
children, spinal cord injuries may be especially challenging to diagnose
early due to limited patient communication.
It is thought that children are more susceptible to SCIWORA than

adults because of the relatively higher elasticity of spinal ligaments
allowing for greater deformation forces on the spinal cord, without
fracturing or dislocating the vertebrae. Pang2 describes anatomic
features that predispose children to SCIWORA. First, a large head-
to-body ratio and relatively weak neck muscles predispose the
unsupported head to large flexion and extension movements. Second,
the ligaments and capsules of the spine are more elastic, allowing
greater force load without tearing. Third, the vertebral body endplate
is fragile and breaks away from the centrum relatively easily. Fourth,
the high water content of the annulus and intervertebral disk allow for
longitudinal expansion. Fifth, the horizontally positioned vertebral
body facet joints permit greater bony motion. Sixth, until roughly the
age of 10 years, children lack uncinate processes, allowing greater

rotary and lateral spinal column movement. Seventh, in young
children and infants the vertebral bodies are wedged anteriorly,
allowing vertebral column movement.
This study showed cervical injuries to be the most prevalent.

There are several reasons for this. Young children have proportionately
larger heads with more underdeveloped neck musculature. This
greater head-to-body ratio leads to acceleration stress and torque to
occur higher in the cervical spine, increasing susceptibility to
hyperextension–extension injury.34 The articular facet joints are more
horizontally oriented, which increases spine mobility and decreases
stability. This arrangement may be responsible for the high
incidence of cervical SCIWORA in young children.34 Ouyang et al.35

demonstrated in pediatric autopsies that the cervical spine distraction
forces were significantly lower in 2- to 4-year–old children as
compared with 6- to 12-year–old children. Cervical motion tends to
occur much higher (C2–C3) in younger children than in adolescents
or adults (C5–C6). Around 8 or 9 years of age, the fulcrum of cervical
motion moves into the lower cervical spine. As children grow,
the head becomes smaller and the neck musculature stronger. The
articulating joints become vertically oriented and the vertebral bodies
ossify, increasing stability and decreasing mobility.34

The study population for this investigation was mostly men, that is
59%. The most commonly involved spinal level was cervical with
87.19% (354 cases); thoracic was the next most common in this study
9.61% (39 cases). The lumbar spine was only involved in 1.48%

Table 2 Case data for cervical level, mechanism of injury and age

Number Cervical level MOI Age (years) Number Cervical level MOI Age (years)

1 C1–3 Misc 9.6 32 C4 Fall 15

2 C3–6 Fall 5.4 33 C5 MVR 15

3 C2–3 Fall 17.9 34 C6 SRI 16

4 C5–7 MVR 0.2 35 C7 MVR 2

5 C3 Birth 0 36 C6–T7 Fall 12

6 C8 Birth 0 37 C3–4 Abuse 0.17

7 C6 MVR 0.2 38 C7 Abuse 0.33

8 C7 MVR 2.6 39 C1–7 Abuse 0.5

9 C2 MVR 7.3 40 C2–3 SRI 7

10 C3 MVR 1.5 41 C5 MVR 9

11 C2 Misc 1.8 42 C4 MVR 7

12 C6 MVR 4.4 43 C5 MVR 9

13 C1–3 SRI 9.6 44 C4 Fall 2

14 C4 MVR NA 45 C4 Fall 17

15 C5–7 Fall 1.83 46 C5–C6 SRI 17

16 C6–T2 MVR 0.92 47 C7 Fall 13

17 C2 Fall 3 48 C4–C5 Fall 14

18 C3 Fall 4 49 C4–C5 SRI 14

19 C2 Fall 4 50 C2 MVR 6

20 C2 MVR 5 51 C4–C5 SRI 15

21 C4 Fall 6 52 C7 MVR 9

22 C5 Fall 7 53 C4 Fall 4

23 C4 MVR 8 54 C7–T1 MVR 3

24 C4 MVR 8 55 C7–T1 MVR 0.16

25 C5 SRI 9 56 C7–T1 MVR 2.5

26 C2 MVR 10 57 C4–C5 Fall 7.2

27 C3 SRI 12 58 C3–C4 MVR 6.5

28 C4 MVR 13 59 C6 Fall 1

29 C5 SRI 14 60 C7–T6 MVR 3

30 C6 SRI 14 61 C7–T2 MVR 5

31 C7 SRI 15 62 C1–C2 MVR 4

Abbreviations: Misc, miscellaneous; MOI, mechanism of injury; MVR, motor vehicle related; SRI, sports related injury.
There were 62 cases that reported the patients’ cervical-level involvement, the mechanism of injury and the patients’ age.
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(six cases) of the cases. The most common mechanism of injury in
this study was sports-related injury.
The MRI findings in this study were varied, but the most common

finding was T2 hyperintensity. MRI imaging is definitely sensitive for

the diagnosis of a SCIWORA injury.36 However, owing to the nature
of the SCIWORA injury, it could be damaging the blood supply of the
nerve. One hundred and twenty (28%) of the initial MRIs were
normal; this is probably because the blood supply had been slowly

Table 3 Cases with available MRI data

Case Spinal level Time till

first MRI

Initial MRI Time of

last MRI

Last MRI

1 Thoracic 2 Days Spinal cord edema with slight epidural hemorrahage 7 Weeks Normal

2 Thoracic 1 Day T1-decreased uptake with questionable stretching NA NA

3 Thoracic NA T2-hyperintense, cord contusion 5 Years Local traumatic thoracic syrinx with a caudal atrophic

spinal cord

4 Cervical NA Central disk herniation NA Normal

5 Thoracic NA Cord contusion with edema, Hematomyelia NA NA

6 Thoracic 2 Days T1-hypointense, T2-hyperintense NA NA

7 Thoracic 2 Days T1-hypointense, T2-hyperintense NA NA

8 Thoracic 2 Days T1-Hypointense, T2-Hyperintense NA NA

9 Thoracic 2 Days T2-Hyperintense, ischemic zone in the AKA distribution 5 Months Same findings and spinal cord atrophy

10 Cervical and

thoracic

o24 h Spinal cord edema with hematomyelia, T1-hypointensity,

T2-hyperintensity

NA NA

11 Thoracic NA Spinal cord edema and hematoma, T2-hyperintense NA NA

12 Cervical 10 Days T2-hyperintensity 2 Months T1- and T2-spinal cord atrophy

13 Thoracic 36 h T2-hyperintensity in conus medularis 12 Years Normal

14 Cervical 7 Days T2-hyperintensity 1 Year Normal

15 Cervical 6 Weeks Epidural hematoma with compression 3 Months Spinal cord atrophy

16 Cervical 9 Days Atrophic spinal cord 3 Months Spinal cord atrophy

17 Cervical 6 Days Unilateral swelling of spinal cord 3 Months Myelomalacia

18 Cervical and

thoracic

Same day T2-hyperintensity NA NA

19 Cervical and

thoracic

2 Days T2-hyperintensity 1 Year Focal cord atrophy

20 Cervical NA T2 Hyperintensity NA NA

21 Thoracic NA Spinal cord contusion with spinal subdural hematoma NA NA

22 Cervical and

thoracic

3 h T1-hypointensity, T2-hyperintensity, Intrinsic focal lesion 1 Month T2-hyperintense

23 Cervical and

thoracic

2 Days T2-hyperintensity 2 Years Thin spinal cord segment

24 Cervical 4 Days T2-hyperintensity and gradient sequences, posterior bulge

of body of C4

3 Months Atrophic narrow spinal cord with persistent central cord

increased gradient

25 Cervical 2 Days T2-hyperintensity in the central spinal cord, edema and

hematoma

NA NA

26 Cervical NA T1-hypointensity, T2-hyperintensity, Complete section of

spinal cord

NA NA

27 Cervical NA T2- Hyperintensity confined to left side of cord NA NA

28 Cervical 14 Days Spinal cord transection NA NA

29 Cervical 7 Days Spinal cord transection NA NA

30 Thoracic 6 h Spinal cord contusion with major hematomyelia NA NA

31 Thoracic 7 Days Spinal cord contusion with major hematomyelia NA NA

32 Thoracic 7 h Spinal cord contusion with major hematomyelia NA NA

33 Cervical NA Cerebellar ectopia, spinal cord hypointensity NA NA

34 Cervical NA Cerebellar ectopia NA NA

35 Cervical NA Cerebellar ectopia, Anterior cervicomedullary injury NA NA

36 Cervical NA Spinal cord intensity NA NA

37 Cervical NA Diffusely swollen cord NA NA

38 Cervical NA Hyperintensity on the right side of cord NA NA

39 Cervical NA Swollen conus medullaris NA NA

40 Cervical NA Swollen cord NA NA

41 Cervical NA Anterior epidural hematoma NA NA

42 Thoracic NA Cord infarction NA NA

Abbreviations: MRI, magnetic resonance imaging; NA, not available.
There were 42 cases that reported specific findings from the initial MRI. Each patient also reported the time from the injury until the initial MRI. T2 hyperintensity was reported most often.
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damaged but had yet to show up as abnormal on the MRI. However,
follow-up MRIs were often not presented in the current literature for
comparison. From the author’s experience, some initial MRIs may not
show serious defects; however, the follow-up MRI may show a more
serious abnormality. This is especially important for the watershed
areas of the spinal cord. In this situation, performing a follow-up MRI
imaging can demonstrate the dynamic pathological changes to the
spinal cord. Visualizing these changes will allow clinicians to better
provide the appropriate treatment in order to significantly improve the
outcome.
Adults with SCIROWA show a different incidence of AIS grades.

A recent systematic review of SCIROWA in adults by Boese and
Lechler37 investigated the relative improvement by injury grade. Boese
and Lechler37 showed that adults most commonly presented with AIS
grade C (39.7%) and grade D ( 22.8%). This study shows the most
common AIS grade for children was grade D (69.58%). A possible
explanation for the nearly 30% higher prevalence of grade D pediatric
patients is that, as children tend to be generally more predisposed to
SCIRORA than adults, milder cases (grade D) arise more often.
Interestingly, in adults grade A occurred at a similar rate as children
(17.49% and 19.1%, respectively). Both our findings and those of
Boese and Lechler37 are included in Figure 4. The mean improvement
for the 567 adults was 1.07, compared with the pediatric patients in

this study having a mean improvement of 0.89. The most striking
difference in improvement between pediatric population and the adult
population occurred in grade A, with over one complete grade
improvement difference. Their adult grade A group improved 1.55
compared with this pediatric study’s grade A improvement of 0.33.
The remaining grade improvements were within 0.5 of each other.
The improvement of pediatric cases for grade B in this study was 1.36
compared with the adult grade B improvement of 1.55. Grade C
improvement in the adult population was 0.88 compared with 1.20 in
this pediatric review. Grade D mean improvement for adults was 0.62
compared with this study’s improvement of 0.96. Therefore, as is
evident from the current literature, adult cases of SCIWORA have a
tendency to see better improvement for the more severe grades A–B.
However, it is the younger patients who see better improvement for
the less severe grades C–D.
The major drawback of this systematic review is the limited specific

data on SCIWORA in children. All of the accessible reports were
retrospective case reports, case series and subgroups of larger case
series. In addition, as this study was a review, it was not possible to
determine whether other factors in the care of these patients resulted
in better or worse America Spinal Injury Association scores. Therefore,
as there were few prospective studies investigating the outcomes of
SCIWORA in children, this topic is a fecund area for further research.
A prospective study would provide a stronger level of evidence
for charting the outcomes of SCIWORA injuries. Furthermore,
a prospective study would also allow for a much greater level of
control over the variables being investigated, thus helping to limit
biases. As many articles included SCIWORA patients as a subgroup,
data for these patients were frequently not as extensive. Most authors
did not list AIS but instead described neurological deficits with the
majority discussing motor over sensory deficits.
In conclusion, the most common mechanism of injury was

sports related and cervical injury occurred more frequently than other
levels. Initial AIS grade A showed poorer outcomes in the pediatric
population compared with the adult population. Initial presentation of
D showed highest likelihood of no permanent neurologic impairment
(AIS of E).
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