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Abstract

Background

Cervical spinal cord injury (CSI) from cervical spine dislocation as a result of motor vehicle
accidents (MVAs) and low-velocity trauma are common in South Africa. Taking into consideration
the pathophysiology of traumatic CSI and the possible neurological benefits of early cervical
spinal cord decompression, it remains imperative that patients with CSI post-cervical spine
dislocation be managed urgently by early closed reduction, which can be conducted safely. The
study aimed to evaluate the neurological outcomes of patients who sustained cervical spine
fracture-dislocations or dislocations with CSI who were treated with closed reduction.

Methods

This is a retrospective study of 62 patients who sustained subaxial cervical spine fractures/
dislocations with CSI and were managed by closed reduction and surgical stabilisation. We
documented the demographics of the patients and the radiologic level of injury. The American
Spinal Injury Association (ASIA) scoring system was used to assess neurology at presentation,
post-closed reduction, post-surgical stabilisation, and during the follow-up period (one, three, six
and 12 months post-operation). Time intervals between injury and closed reduction, and timing
between injury and surgical stabilisation, were noted.

Results

Seventy-nine per cent of patients who underwent satisfactory closed reduction experienced
neurological improvement by the end of follow-up. Thirty-nine per cent improved within the first
24 hours post-injury. Only 2% of those reduced after 24 hours showed neurological recovery. A
statistically significant difference in neurological outcomes was observed (p < 0.001) between
patients who underwent closed reduction within 24 hours of injury and those who had reduction
after 24 hours of injury, emphasising the urgency of early treatment for optimal recovery in CSls.

Conclusion

Patients who underwent closed reduction within 24 hours of injury demonstrated significantly
better neurological outcomes compared to those treated later, with a statistically significant
difference in recovery rates. These results emphasise the critical need for prompt dislocation
reduction to optimise neurological recovery in managing CSls.

Level of evidence: 3

Keywords: cervical spinal cord injury, cervical spinal cord dislocation, cervical spinal cord decompression,
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Introduction

Subaxial cervical spine fractures/dislocations are the most
common causes of cervical spinal cord injuries (CSls) in South
Africa, accounting for 3-6% of all trauma cases.'? Globally, the
prevalence of traumatic spinal cord injury (SCI) is approximately
750 per million people. CSls in subaxial cervical spine fractures/
dislocations are particularly disabling because of neurologic
deficits.®# This severity is primarily due to the cervical spine
being the most mobile and frequently injured vertebral column
segment, making it particularly vulnerable."® This high incidence
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highlights the importance of appropriate management for cervical
spine dislocations with CSls. Managing these injuries presents
a considerable challenge for orthopaedic surgeons, given the
complex nature of these fractures.35

In South Africa, the leading causes of traumatic CSls are motor
vehicle accidents (MVAs) and sport-related injuries, with 25% of
SCls occurring in the cervical region.® Global reviews show that the
annual incidence of traumatic SCls ranges from 12.1 to 57.8 cases
per million people, with the leading causes of these injuries being
MVAs, falls, violence, and sports-related activities.”
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Studies have shown that reducing the dislocation early achieves
indirect decompression and aids in improving neurologic function.8?
This will, in turn, allow early mobilisation of the patient, early
recovery from associated injuries, faster rehabilitation, and return
to professional activities.'®"" Skeletal cervical closed reduction
is performed by applying longitudinal traction along the cervical
canal’s axis, facilitating the realignment of fractured fragments
or dislocated facets and relieving spinal cord compression.™ It is
performed by using Cones callipers that are applied aseptically to
the skull in neutral position with a traction cord mounted over a
pulley system. Weights are sequentially increased (2.5 kg weight
increment) in flexion with a pillow behind the head until the facets
disengage. The neck is then positioned in extension by positioning
the pillows behind the shoulders, and the weights reduced to
maintenance weight.3'3 Approximately 80% of patients undergoing
this method will have a successful reduction of their cervical fracture/
dislocation.8'* The overall permanent neurological complication
rate of closed reduction is approximately 1%, with an associated
risk of a transient injury of 2-4%."* In our institution, patients with
cervical spine dislocation are managed in a manner similar to the
procedure depicted in Figure 1. This figure illustrates cervical spine
X-rays of a patient who sustained a C5/C6 dislocation. The patient
underwent closed reduction with sequential addition of weights.
Following adequate reduction, the C-spine is extended, with a
pillow behind the shoulders.

The study aims to evaluate the neurological outcomes of patients
who have sustained CSI from cervical spine fractures/dislocations
who were treated by closed reduction before surgical stabilisation
at our institution during the period under review. The study also
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Figure 1. Cervical spine X-rays: a) C5/C6 dislocation, b) pre-reduction with flexion of the
C-spine to disengage the facets with a pillow behind the head, and c) post-reduction with

the C-spine in extension and a pillow behind the shoulders
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evaluates the duration from injury to closed reduction, and its
impact on neurological outcomes.

Patients and methods

The study was approved by the institution’s Research Ethics
Committee. A retrospective, single-centre study was conducted to
assess the neurological outcomes of patients who sustained CSI
following traumatic cervical fracture or dislocation. These patients
were treated with closed reduction prior to surgical stabilisation at
a tertiary institution in South Africa over a 12-month period from
January 2015 to December 2020. Patients excluded from the study
included those younger than 18 years; those with a history of prior
cervical spine surgery; individuals with penetrating injuries; those
whose neurological symptoms could not be evaluated; and those
whose follow-up period was less than 12 months post-injury.

From the hospital records, we collected the patients’
demographics, the cause of the injury, and diagnosis. We recorded
the time duration from injury to arrival of Emergency Medical
Services (EMS), injury to reduction, and arrival at the hospital to
reduction. We measured the neurologic status using the American
Spinal Injury Association (ASIA) scale at admission, post-reduction
and surgical stabilisation, and every follow-up visit (three to 12
months). The data were all saved in an Excel spreadsheet. Statistical
analysis was conducted using Stata 18.1. The statistical method
employed was cross-tabulation, which evaluates the relationship
between two categorical variables. Summary statistics included
means and standard deviations with associated 95% confidence
intervals for continuous variables. For categorical variables,
proportions and associated 95% confidence intervals
were provided. This analysis aimed to achieve specific
objectives based on the data collected.

Results

A total of 73 patient records were reviewed during
this period. Eleven were excluded due to incomplete
records, leaving 62 patients included in the study.
Of these, 44 were male (70%) and 18 (30%) were
female. The age distribution was as follows: 23% were
aged 21-30 years, 32% were 31-40 years, 27% were
41-52 years, and 18% were over 50 years of age.

MVAs accounted for most of the injuries (65%),
followed by pedestrian-vehicle accidents (PVAs)
(21%), and others, such as low-energy falls (15%).
Figure 2 shows the time between injury and EMS
arrival. Response times within two hours were
recorded for 41 patients (66%), while response times
between two to three hours were noted for two patients
(4%). There was no documented EMS arrival time for
19 patients (30%).

Fifty-six patients (91%) arrived at the hospital within
24 hours of injury, and 53% were initially stabilised
at a referral hospital before being transferred. The
majority of the patients, 82% (51 patients), presented
with incomplete SCIs (ASIA B, C or D), while 7%
(four patients) had complete SCls (ASIA A), and 10%
(six patients) showed no neurological deficits (ASIA
E). Closed reduction was successfully performed in
93% of cases (53 patients), including 9% reduction
at the referral facility. Of the closed reductions, 83%
(52 patients) were completed within 24 hours of the
estimated injury time, as shown in Figure 3. Although
CT scans were conducted for 92% (57 patients), only
17% (ten patients) experienced a delay in reduction
of more than 24 hours. Among the delayed cases,
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Figure 2. Time between injury and EMS arrival
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Figure 3. Time lapse between injury and closed reduction

four patients (7%) had complete neurological injuries and required
MRI before reduction, while six patients (10%) had no neurological
deficit. Two patients with complete SCls later died from respiratory
complications two weeks post-reduction.

Figure 4 illustrates that closed reduction was linked to favourable
neurological outcomes, with notable differences based on timing.
Overall, 79% (44 patients) of those who underwent successful
closed reduction showed neurological improvement by the end of
the follow-up period. Specifically, 39% (22 patients) experienced
improvement within 24 hours of injury, while 2% (one patient), who
had complete neurological fallout and underwent reduction after
24 hours, showed post-injury improvement. Six patients (10%) who
did not experience neurological fallout were reduced after 24 hours
and showed no neurological deterioration. Additionally, some
patients (20%) experienced improved neurological outcomes
following surgical stabilisation, while others (18%) showed
improvement during the rehabilitation period. Early reduction
(within 24 hours) was significantly associated with better recovery
outcomes compared to delayed reduction (p < 0.001, Table I).

Table I: Pre- and post-reduction outcomes
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Figure 4. Recovery post-reduction, post-surgery and at rehabilitation

Discussion

The mean age and the male preponderance in this study was
similar to other studies on CSI.>'%'6 Grant found an average age
of 42 years, and males accounted for 76.8% of the patients.'s
In another study, the average age was 44 years and men were
affected twice more than women."'” In this study, the average
age was 39.7 years, and the male/female ratio was 2.4:1. Young
adult males are more likely to be involved in road traffic accidents
sustaining various injuries including CSI because they are more
mobile, adventurous, and more likely to be involved in sporting
activities.!s

The aetiology in this study was similar to previous studies as the
majority of the injuries that led to subaxial cervical spine injuries
were as a result of motor vehicle crashes. In similar studies,
motor vehicle crashes accounted for 50-64.7% of the injuries
sustained.'>'® Sports-related injuries were less common compared
to MVAs in this study.

This study found that 91% of patients presented within 24
hours of their injury, 5% were evaluated after 24 hours, and
4% had estimated times recorded due to incomplete records.
In comparison, another study reported that 76.5% of patients
presented within 24 hours of injury.'® Additionally, 83% of patients
in this study had completed closed reduction within 24 hours of the
injury, in line with the recommendations of the Surgical Timing in
Acute Spinal Cord Injury Study (STASCIS)."

Post-reduction ASIA score

ASIA grade Pre-reduction Closed reduction
<24 hours > 24 hours
A 0 4
B 4 0
Cc 7 0
D 40 40 0
E 7 1 6

Fisher’s exact = 0.001 (p = 0.001)

20
22
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The STASCIS trial highlighted the critical 24-hour window for SCI
reduction by indicating the need for early intervention to improve
neurological outcomes. The STASCIS trial also reported successful
reduction and decompression within 24 hours in 58% of their
patients.” Numerous human and animal studies align with these
findings, indicating that decompression within 12 hours is linked
to significantly better recovery prospects, while delays beyond 24
hours may result in permanent neurological damage.?-?!

A previous study conducted in South Africa from 1981 to
1993 reported delays in reduction, ranging from 58 to 78 hours.
A more recent Australian study found that urban patients had
facet dislocation reduction within 10.5 hours, while rural patients
experienced delays of 27 hours, emphasising how resource
availability impacts reduction times.6%??2 The early presentation
observed in this study can be attributed to effective emergency
services and a well-coordinated referral system. Other factors that
may influence prehospital delays, as noted in previous studies,
include geographical location, availability of EMS, healthcare
resource capacity, and injury severity."23

There has been a lack of consensus on whether an MRI should
be done before attempting closed reduction due to concerns
about the risk of disk herniation during the reduction process. 4194
In 2013, the Society of Neurological Surgeons guidelines
recommended MRI only if closed reduction fails or if the patient is
unconscious.? Similarly, this was noted in four patients (7%) with
complete neurological injuries who had an MRI before reduction
as part of the protocol in place at the time. However, according to
Mohideen et al., in patients with adequate cognition, obtaining an
MRI before attempting closed reduction can delay decompression
and increase the risk of secondary cord injury. As a result, some
institutions have implemented a practice of early reduction followed
by MRI, leading to a significant reduction in in-hospital delays.’

In cases of complete neurological injury, MRI is recommended
after reduction but before definitive surgical stabilisation to allow
for a more detailed evaluation of soft tissues, ligaments and
neural structures, thereby informing surgical planning.?®> However,
this recommendation remains weak due to the lack of direct
evidence supporting MRI’s impact on clinical decision-making and
the continued reliance of many spine surgeons on CT imaging
alone.?3% At our institution, pre-reduction CT images and post-
reduction X-rays are utilised.

In this study, closed reduction was successful in 91% of cases,
which is consistent with the literature, where success rates range
from 58% to 97.6%. Neurological improvement was observed
in 79% of patients by the end of the follow-up period, with 39%
improving within the first 24 hours post-injury. A statistically
significant association (p < 0.001) between early closed reduction
and neurological improvement underscores the importance of
timely intervention. Pre-reduction, most patients (65%) were
classified as ASIA D, with 11% in ASIA C and E, while ASIAAand B
accounted for 13%. Within 24 hours post-reduction, ASIA A cases
decreased to 2%, though two fatalities were recorded, while ASIA
C and D remained stable. Over time, ASIA E cases increased to
36%, indicating significant long-term neurological recovery, while
ASIA D decreased to 32% as patients progressed to better
functional outcomes. This finding aligns with the broader range of
43.6% to 78% reported in other studies.®15.1826.27

Neurological recovery and functional outcomes are the primary
goals in treating patients with SCI. Most neurological recovery,
both in complete and incomplete SCls, typically occurs within the
first six to nine months post-injury.? In our study, 38% of patients
demonstrated additional neurological improvement postoperatively
and during the rehabilitation period. These findings highlight the
progressive nature of neurological recovery, emphasising the
need for early reduction, surgical stabilisation, and comprehensive
rehabilitation to achieve optimal functional outcomes.
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Respiratory failure is a well-recognised complication in high CSls,
especially those impacting the C3-C5 segments, which control
the diaphragm.?®% The two ASIA A patients who died about a
week post-reduction due to respiratory deterioration present
a challenging aspect of management in severe CSls. In our
institution patients with complete SCI undergo closed reduction
in the emergency department, admitted into the orthopaedic ward
awaiting operation and are not prioritised for intensive care unit
(ICU) admission because of several factors, including prognosis,
resource allocation, and ethical considerations.

Incomplete CSlIs tend to have better recovery outcomes
compared to complete injuries. In this study, 79% of patients
showed neurological improvement by the end of follow-up.
Additionally, 80% achieved ambulatory status (ASIA D & E), while
16% remained non-ambulatory (ASIA A, B or C), excluding those
who succumbed to respiratory failure. Other studies found that
61% of patients with incomplete SCls improved by at least one
Frankel grade.*

The study is a retrospective design conducted at a single level 1
trauma centre; therefore, its findings cannot be generalised to a
wider population. In addition, the time of injury was based on the
call-out time of the EMS team, which may not be accurate.

Conclusion

Closed reduction of subaxial cervical spine injuries is a valuable
noninvasive approach that can lead to significant neurological
improvements when performed promptly and effectively. Success
largely depends on achieving proper spinal alignment, the initial
severity of the injury, and ongoing evaluation and follow-up to
ensure optimal outcomes.
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