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Abstract

Study design Single-center, retrospective case-control study.

Objectives This study aimed to determine the risk factors for progression of neurological symptoms after anterior fusion for
cervical spine trauma with no or incomplete spinal cord injury.

Setting Community-based hospital with an acute care center in Japan.

Methods We retrospectively reviewed 54 consecutive unstable subaxial cervical spine fracture/dislocation cases that had
undergone surgical treatment. A total of 20 patients with no or incomplete spinal cord injury who underwent anterior fusion
were identified. Injury characteristics, bony spinal canal diameter (SCD) at the injured level on computed tomography (CT),
diagnosis delay of more than 24 h, and other surgery-related parameters were documented as potential risk factors.
Results The study population included 16 male and 4 female patients. The median age was 71.5 (range: 20-88) years. Two
cases of SCI progression were identified (AIS E to C5-8 C and AIS D to C5-8 C). Both cases occurred in men who were
older than the average age of all the patients. Only delayed diagnosis was significantly associated with the progression of
SCI (p =0.02). SCDs on CT demonstrated a tendency to be smaller than those of cases without progression, but this was not
statistically significant (progression: median, 8.1 [7.2-8.9] mm; no progression: median, 10.1 [4.2—-12.6] mm; p = 0.21).
Conclusion Our results suggested that a delay in diagnosis was associated with neurological progression after ACF. Fur-
thermore, imposing ligamentous flavum might become a compression factor if the diagnosis is delayed.

Introduction

Anterior cervical fusion (ACF) is a common procedure for
the treatment of various cervical spinal conditions. ACF is
often used for unstable cervical spine trauma associated
with spinal cord injury (SCI) and makes it possible to
directly remove anterior compressive factors, such as her-
niated discs and bone fragments, which cannot be
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approached from the posterior side [1]. Another potential
benefit of ACF for acutely traumatized patients is that it is
performed in the supine position, without subjecting the
patient to significant position changes, thus reducing the
risk of unacceptable excessive motion in injured segments
[2] and systemic hemodynamic changes [3]. There are
certain situations for which the posterior approach is pre-
ferable [4], such as unreduced facet dislocations, end-plate
compression fractures associated with facet fracture [5],
ankylosing spine [6], and severe osteoporosis. For other
cases, either approach can be applied based on the sur-
geons’ preferences and ACF has demonstrated clinical
results similar to posterior procedures [7, 8] and was
reported to be associated with shorter operative times and
less blood loss [9]. Neurological complications are rare
among non-trauma patients undergoing ACF, with a
reported incidence of 0-1.6% of all ACF patients [10, 11].
However, the incidence of neurological complications of
cervical spine trauma patients can be higher, with reports of
up to 6.0% of ACF cases [12-16]. The definition of a
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neurological complication differs from study to study, and it
may comprise not only SCI but also nerve root symptoms
and even recurrent nerve injury. Although SCI is one of the
most catastrophic postoperative sequelae associated with
ACEF, it remains unclear what factors are associated with
new-onset SCI or progression of incomplete SCI. The
purpose of this pilot study was to explore the risk factors for
the progression or onset of SCI after ACF performed for
trauma.

Methods

Institutional review board approval was obtained for this
study. We retrospectively reviewed 54 consecutive unstable
subaxial cervical spine fracture/dislocation cases that
underwent surgical treatment between 2004 and 2017 at a
single community-based tertiary institute. A total of 17
cases were treated with posterior procedures only, 4 cases
were treated with a combined approach, and 33 cases were
treated with ACF. Eight patients with complete palsy
(American Spinal Injury Association [ASIA] Impairment
Scale [AIS] grade A [17]) and two patients with severe head
trauma were excluded because of difficulty in assessing a
detailed course of neurological symptoms. Among the 23
remaining cases, 20 had complete data that were included in
the analysis. The progression of SCI was defined as a new
postoperative neurological deficit consistent with SCI in
patients without preoperative neurological deficits, more
than one grade of progression according to the AIS, or more
than one level of upward progression of SCI in patients with
preoperative incomplete SCI. Neurological symptoms
caused by nerve root injury or recurrent nerve injury were
excluded from neurological progression.

Injury level, preoperative AIS grade (B-E) [17], Allen
classification [18], preoperative focal alignment (kyphotic,
neutral, and lordotic) determined by the focal angular
change of the estimated curvature line on the initial lateral
radiograph of the cervical spine for patients without uni-
lateral/bilateral complete facet dislocation or on the post-
reduction lateral radiograph if the patient had a complete
dislocation, the bony spinal canal diameter (SCD) at the
injured level on computed tomography (CT), diagnosis
delayed more than 24 h (considered as a missed diagnosis at
the initial medical examination or delayed presentation),
time between injury and surgery, operation time, intrao-
perative accidental durotomy, and other preoperative/
intraoperative events that might be related to progression of
SCI were documented as potential risk factors. Causes of
deterioration were determined by a board-certified ortho-
pedic spine surgeon with no affiliation with the direct care
of these patients by reviewing operative records of the
initial surgery, pre-deterioration and post-deterioration
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imaging studies (radiograph, CT, and magnetic resonance
imaging [MRI]), as well as operative records of the salvage
procedures.

The treatment protocol for subaxial cervical spine trauma
during the study period was as follows: (1) immediate
closed reduction was conducted if the patient had an unre-
duced facet dislocation at the initial encounter; (2) if the
closed reduction failed or if the patient had neurological
deficits with obvious spinal cord compression, then surgical
treatment was urgently warranted; and (3) if the patients did
not have either neurological deficits or obvious spinal cord
compression on imaging studies, then temporary immobi-
lization with a hard collar or halo vest along with bed rest
and adequate precautions during nursing care were per-
formed. Definitive fixation was performed at the earliest
available opportunity as a planned surgery.

The ACF surgical procedure was standard discectomy/
partial corpectomy with an iliac crest tri-cortical autologous
graft and anterior plate instrumentation [19]. Partial cor-
pectomy was performed in all cases. The thin posterior part
of the vertebral body was preserved to obtain the maximum
contact area with the graft. Fragments under the posterior
bony wall were carefully inspected by utilizing the removed
disc space. The posterior longitudinal ligament (PLL) was
usually preserved to maintain stability. Complete removal
of the vertebral posterior wall and/or resection of PLL were
only performed for patients with obvious anterior cord
compressing factors according to preoperative imaging
studies. After interpreting postoperative imaging studies, it
was determined that no patient in this study population
underwent complete posterior vertebral wall resection. All
surgeries were performed by or under the direct supervision
of board-certified orthopedic surgeons who had more than
10 years of experience with spinal trauma care.

A comparison between patients with and without pro-
gression was performed using the Mann—Whitney U test for
continuous and ordinal variables and the Fisher exact test
for categorical variables. Two-sided p<0.05 was con-
sidered statistically significant. All statistical analyses were
performed using EZR (version 1.3.7) [20], which is a free
statistical software based on the R software environment (R
for 3.1.0 GUI 1.64).

Results

The study population consisted of 16 male and 4 female
patients. The median age was 71.5 (range: 20-88) years.
Causes of injury were traffic accident (n = 4), falling from a
height (n = 7), toppling over (n = 8), and others (n = 1). No
patient was treated with posterior decompression at the time
of the first surgery. There was no case of preoperative
deterioration during the study period.
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Table 1 Patient demographics, injury patterns, and SCD on CT

Progressed Non- p-Value
n=2 progressed
n=18

Age Median 76.5 71.5 0.49

(range) (71-82) (20-88)
Gender (male: 2:0 14:4 1.00
female)
Cause of injury  Traffic 1 3 1.00

accident

Fall from 1 6

height

Toppling 0 8

over

Others 0
Level of C3 0 1.00
fracture/
dislocation

C3/4 0 5

C4 0 0

C4/5 0 2

C5 0 0

C5/6 1 7

C6 0 0

Co6/7 1 1

C7 0 1

C7/T1 0 2
Pre-operative B 0 1 1.00
AIS

C 0 4

D 1 4

E 1 9
Allen CE 0 5 0.65
classification

CF 0 1

DE 0 6

DF 2 6

VC 0 0
Preoperative Neutral 0 6 0.31
focal alignment

Kyphotic 2 6

Lordotic 0 6
SCDs on CT Median 8.1 10.1 0.21
(mm) (range) (7.2-8.9) (4.2-12.6)

AIS American Spinal Injury Association Impairment Scale, SCD spinal
canal diameter, CT computed tomography

Two cases of SCI progression were identified (AIS E to
C [C6] and AIS D [C6] to C [C6]). Both cases were
observed in male patients who were older than the average
age of all patients. Only delayed diagnosis was significantly
associated with SCI progression (p =0.02). SCDs on CT
were smaller than those of cases without progression, but

this was not statistically significant (progression: median,
8.1 (7.2-8.9) mm; no progression: median, 10.1 (4.2-12.6)
mm; p=0.21). Although there was no statistical sig-
nificance between the two groups, notably, the time from
injury to surgery was substantially long for both groups
during the study period (progression: median, 15.5 [3-28]
days; no progression: median, 8.8 (0.8—43) days; p = 0.89).
This could be explained by the historical trend for the
timing of surgery during the early period, the number of
elderly patients with medical comorbidities, and the number
of patients with delayed referral. Significant differences and
tendencies were not observed for other variables. A sum-
mary of the results is shown in Tables 1 and 2.

Preoperative and intraoperative hypotensive/hypoxic
events were not recorded. No incidental durotomy or other
intraoperative technical issues that might lead to SCI were
documented.

The details of deteriorated cases are described in Table 3.
Both patients had anterior subluxation at the time of the
correct diagnosis. The displacement was easily reduced
without neurological deterioration with neck extension, but
it easily recurred with neck flexion for both. One patient
(Fig. 1) demonstrated no postoperative neurological deficits
on the day of surgery, but muscle weakness in all extre-
mities was observed the next morning. The other patient
(Fig. 2) reported slight weakness in the right upper extre-
mity; however, no other changes occurred immediately after
surgery. The palsy progressed to the bilateral lower legs
during the hours after surgery.

Discussion

In this pilot study, we demonstrated that a delayed diagnosis
can be a statistically significant risk factor for neurological
progression after ACF among trauma patients. A delayed
diagnosis is known to be associated with the incidence of
preventable neurological injuries among spinal trauma
patients [21]; however, there are no reports regarding the
incidence of postoperative neurological complications. Both
cases of progression demonstrated spinal cord compression
due to imposing ligamentous flavum. Rhee et al. reported
two cases of postoperative neurological deterioration due to
an imposing ligamentous flavum [22]. One case con-
siderably resembled one of our cases. A 66-year-old patient
who was diagnosed 6 days after his injury and underwent
circumferential fusion without posterior decompression
demonstrated SCI progression after surgery. The delayed
diagnosis might have been associated with flavum hyper-
trophy. One possible reason for this was that prolonged
kyphotic alignment of the subluxated cervical spine might
have been complicated with an adhesion between the rup-
tured flavum and dural sac; therefore, it would have been
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Table 2 Diagnosis and
management

Table 3 Patients with SCI
progression

Progressed Non-progressed  p-Value
n=2 n=18
Delayed diagnosis (>24 h) N 2 1 0.02*
Time from injury to operation (days) Median (range) 15.5 (3-28) 8.8 (0.8-43) 0.89

Operation time (min)

Incidental durotomy

Median (range)

N

112.5 (101-124)

0

121.0 (76-197)  0.67
0 1.00

*p-Value < 0.05

Patient 1 Patient 2
Age 71 82
Sex Male Male
Preoperative AIS (level) E D (C6)
Allen classification DF DF
Preoperative focal Kyphotic Kyphotic
alignment
SCD on CT (mm) 8.9 7.2
Missed diagnosis —+ +

Initial diagnosis

Time to correct
diagnosis
Time to surgery

Postoperative AIS
(level)

Cause of progression

Salvage procedure

Whiplash injury

Central spinal cord injury without
instability

3 days 21 days
3 days 28 days
C (C6) C (Co)

Ligamentous flavum hypertrophy,

residual disc herniation

Laminoplasty

Ligamentous flavum hypertrophy, spinal
canal narrowing due to alignment change

Laminoplasty

AIS at the last follow-up E

E

SCI spinal cord injury, AIS American Spinal Injury Association Impairment Scale, SCD spinal canal

diameter, CT computed tomography

prone to unusual positioning of the flavum, causing spinal
cord compression after surgical correction. Although the
fracture pattern of the Allen classification and preoperative
alignment did not show statistical significance in our study,
all our cases and Rhee’s reported cases involved anterior
dislocation injuries associated with focal kyphotic
alignment.

SCI progression can occur in patients with posterior
fixation. Sugimoto reported two cases of postoperative
deterioration after posterior fusion for fractures of anky-
losed spines [23]. The patients had spinal canal stenosis and
were treated without decompression. It is still unclear
whether the likelihood of neurological progression due to
this mechanism differed according to the surgical approach.
More meticulous bone excision and resection of the PLL
might have prevented neurological deterioration in these
cases. According to the operative records, disruption of the
interspinous ligament at the index level and slight move-
ment of the laminae, even after ACF, were observed and
imposed flavum was confirmed through the interlaminal

SPRINGER NATURE

space. When the posterior approach is chosen for the pri-
mary surgery, the imposing flavum might be noticed during
the procedure.

In our cohort, the time from injury to surgery was not
significantly associated with postoperative neurological
progression. This may imply that temporal stabilization in
the anatomical alignment and adequate care for the unstable
spine to minimize excessive movement is essential for
preventing not only preoperative but also postoperative
neurological progression.

Although the SCD was not statistically significant, those
of cases with progression were smaller than those of cases
without progression in our cohort. Relatively small spinal
canals were also noted in a previous report [22]. Under
conditions of cervical spinal canal stenosis, a small amount
of additional compression that does not cause any symp-
toms in patients with normal SCD can become an important
issue. Degenerative spinal canal stenosis is a known risk
factor for SCI among elderly people after minor trauma
[24]. Aebli et al. reported that an SCD less than 8§ mm on
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Fig. 1 Imaging studies of a 71-year-old man with deterioration (case
1). a Computed tomography (CT) on the day of admission showing
C5/6 subluxation and focal kyphotic deformity (arrow). b Preoperative
magnetic resonance imaging (MRI) showing anterior subluxation of

m 08

50

C5/6 and spinal canal stenosis due to traumatic herniation of the C5/6
disc (arrow). ¢ Postoperative MRI showing spinal cord compression
due to the remaining anterior herniated disc (arrow) and imposing
ligamentous flavum (arrowhead)

Fig. 2 Imaging studies of an 82-year-old man with deterioration (case
2). a Magnetic resonance imaging (MRI) during the initial hospital
visit showing high-intensity lesions in the spinal cord at the C6-7 level
(arrow) with no evidence of fracture or dislocation. b Dynamic
radiographic imaging on day 21 of follow-up showing anterior

MRI was the best cutoff point for predicting whether minor
trauma caused SCI in elderly people [25]. Our patients with
neurological progression had SCDs of 7.2 and 8.9 mm on
CT. Because the SCD on CT myelography was reported to
be approximately 10% larger than that observed with MRI
measurements [26], and because the bony SCD on CT was
larger than the SCD on CT myelography, the SCDs on MRI
of our patients with progression were highly likely to be

dislocation at the C6/C7 level (arrow). ¢ Postoperative MRI showing
worsening of canal stenosis at the C6/C7 level and adjacent C5/C6
level (arrowhead) and a low-intensity structure at the C6/C7 level
posteriorly (arrow). This structure was confirmed as an imposed
ligamentous flavum

estimated as smaller than 8.0 mm. We believe that the cutoff
point of Aebli et al. can also be applied to identify groups at
high risk for postsurgical neurological progression.

As this study was intended to identify candidate variables
as potential risk factors for future studies, the study had
several inherent limitations. The first and most substantial
limitation was the small sample size. Second, this was a
single-center retrospective study. Third, our analyses did
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not include information regarding concomitant injuries or
medical comorbidities. Finally, one can argue that the
incidence of neurological progression in this study was
unacceptably higher than that of other studies. We think this
is accounted for by the higher proportion of patients with
older ages and the prevalence of cervical spinal canal ste-
nosis in our cohort. The percentages of patients older than
60 years and 70 years in our cohort were approximately
70% and 50%, respectively; to the best of our knowledge,
our cohort possessed the most aged individuals compared
with similar studies [7-9, 12-15, 27]. To overcome these
limitations and reach an agreeable conclusion, a multicenter
study with a larger case volume and data including
comorbidities, spinal canal status, and surgical details is
warranted to identify risk factors for neurological dete-
rioration among patients with cervical spine trauma.

In summary, we demonstrated that a delay in diagnosis
was associated with neurological progression after ACF,
and that imposing ligamentous flavum might become a
compression factor if the diagnosis is delayed. Furthermore,
SCD was smaller among patients with progression. These
factors should be included in future studies of neurological
complications of cervical spine trauma surgery. In cases of
cervical spine injury with these factors, additional posterior
decompression or more meticulous bone excision during
anterior fusion might be beneficial preventive measures for
clinical implementation.
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