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Abstract
Study design Retrospective chart audits.
Objective To investigate the optimal timing at which permanent complete cervical spinal cord injury (CSCI) can be
confirmed when evaluating paralysis caused by traumatic CSCI.
Setting Department of Orthopedic Surgery, Spinal Injuries Center, Japan.
Methods Two-hundred and three patients with CSCI that was classified with an American Spinal Injury Association (ASIA)
Impairment Scale (AIS) grade A (AIS A) within 72 h of the initial diagnosis of traumatic CSCI were included in the present
study. Neurological data from the time of the initial diagnosis to 1 year after the injury were extracted. The number of those
with recovery from AIS A and changes of AIS in the recovery were examined.
Results Thirty-five of 203 (17%) patients whose injuries were initially classified with an AIS A showed recovery from AIS
A. Thirty-four of 35 (97%) patients showed recovery from AIS A within 8 weeks after injury.
Conclusion If CSCI patients with AIS A have not recovered by 8 weeks, the likelihood that they will recover from AIS A is
marginal. However, this conversely means that we must consider the possibility that a patient with a traumatic CSCI
classified with an AIS A may still show recovery from AIS A within the first 8 weeks after injury.

Introduction

It is well-known that spontaneous improvement of cervical
spinal cord injury (CSCI) can be seen as a natural history in
people with incomplete traumatic CSCI [1]. It is also a well-
known fact that the degree of this improvement can be quite
remarkable in the acute phase. Even if CSCI patients pre-
sent as American Spinal Injury Association (ASIA)
Impairment Scale (AIS) grade A (AIS A) just after injury,
they may show some neurologic recovery.

Multiple interventions or clinical trials (e.g., surgery,
drug administration, regenerative medicine, etc.) have been
attempted in order to help improve the neurological out-
comes of patients with traumatic CSCI [2–9]. Several new
intervention approaches recently have been attempted at

earlier stages, in light of the notion that greater improve-
ment of the prognosis may be achieved if an intervention is
attempted as early as possible. However, it is highly likely
that the assessment of the outcome following an interven-
tion will be inaccurate if the intervention is performed in the
acute phase, when there is a high proportion of people with
AIS A who have recovery potential [10, 11].

Many reports concerning the prognosis of incomplete
CSCI have been published. Ultimately incomplete CSCI
includes both incomplete CSCI just after the injury and
recovery from initially complete CSCI in the acute phase.
Complete CSCI is defined as a complete and permanent loss
of the ability to send sensory and motor nerve impulses
thorough the affected spinal level [12]. There have been
some reports concerning the prognosis of complete SCI
resulting from interventions or clinical trials. However,
there have been few reports on the natural history or the
long-term follow-up of complete CSCI [12–14]. In parti-
cular, there are no reports indicating a clear time frame of
the recovery point from AIS A to incomplete SCI [12, 15].
There are no reports available concerning the length of time
after injury required to diagnose a person as having a
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permanent complete CSCI once the possibility of recovery
from AIS A has been ruled out. In this study, we aimed to
investigate the optimal timing at which complete CSCI
can be confirmed when evaluating paralysis caused by
traumatic CSCI.

Methods

The study included 203 patients classified with an American
Spinal Injury Association (ASIA) Impairment Scale (AIS)
grade A (AIS A) [16] within 72 h of sustsaining traumatic
CSCI from 2006 to 2017. All patients underwent treatment
at our hospital alone from the acute phase (within 72 h after
injury) to the chronic phase. Records were taken from an
investigation of our institute’s database. We extracted the
neurological data of each patient at the time of the initial
diagnosis, within 72 h after injury, at 1, 4, 6, and 8 weeks
after injury, at 3, 4, 5, 6, and 8 months after injury, and at 1
year after injury.

The participants included 128 patients with CSCI with
bone injury (dislocation and/or fracture) and 75 patients
with CSCI without bone injury. We performed prompt
surgery for patients with bone injury within 48 h. In con-
trast, we attempted conservative treatment for patients
without bone injury in the acute phase. In all cases, reha-
bilitation began the day after admission.

Among 203 patients with CSCI classified with an AIS A
within 72 h after injury, we examined the number and
changes of those with recovery from AIS A.

Statistical analyses were performed using the Chi-square
test for comparing those with CSCI with or without bone
injury, looking at the rate of AIS A with recovery potential
and the prognosis of those with AIS A with recovery
potential. Significance was set at a value of P < 0.05. Sta-
tistical analyses were performed using JAMP 13 (SAS
Institute Inc., Cary, NC, USA) computer software.

Results

Thirty-five of the 203 (17%) patients whose injuries were
initially classified as AIS A showed recovery. Fifteen of the
128 (12%) patients with bone injury showed recovery from
AIS A and 20 of the 75 (27%) patients without bone injury
showed recovery. Despite early interventional surgery, the
rate of those with AIS A with recovery potential in CSCI
with bone injury was significantly worse than that of CSCI
without bone injury (Fig. 1).

Seven of 35 (20%) patients had improved to AIS B or C
at 72 h after injury. Moreover, ten of 35 (29%) patients
showed recovery from AIS A within 1 week after injury,
while 17 showed recovery from AIS A at 4, 6, and 8 weeks

(27 of 35 patients, 77% [including all patients who showed
recovery from AIS A at the preceding time points]), 4 (31 of
35 patients, 89%), and 3 (34 of 35 patients, 97%), respec-
tively. By 8 weeks after injury, 97% of AIS A patients with
recovery potential showed neurological improvement. The
remaining patient improved to AIS C at 6 months after
injury (Fig. 2 and Tables 1 and 2). The ASIA mot.or score
in this case changed from 0 to 3 at 6 months after the injury.
The probability of recovery from AIS A was found to be
marginal >8 weeks after injury.

The prognosis of patients classified as AIS A at the initial
assessment is shown in Table 3. Among the 35 patients with
recovery from AIS A, two who improved to AIS B within
72 h after injury ultimately recovered to AIS D. The
remaining 33 cases improved to AIS B or C. Seven of the
15 (47%) patients with bone injury showed motor recovery
(up to AIS C, D) and 18 of the 20 (90%) without bone
injury showed motor recovery (up to AIS C). The rate of

Fig. 1 Rate of AIS A with recovery potential. Fifteen of the 128 (12%)
patients with bone injury showed recovery from AIS A and 20 of the
75 (27%) patients without bone injury showed recovery from AIS A.
The rate of AIS A with recovery potential in CSCI with bone injury
was significantly worse than that of CSCI without bone injury. *P <
0.05, Chi-square test

Fig. 2 Changes of AIS in initially AIS A with recovery potential. (n=
35). Thirty-four of 35 patients (97%) showed recovery from AIS A
within 8 weeks after injury. The remaining patient was improved to
AIS C (ASIA motor score in this case changed from 0 to 3) at
6 months after injury. The probability of recovery from AIS A was
found to be marginal >8 weeks after injury
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motor recovery in CSCI with bone injury was significantly
worse than that of CSCI without bone injury (Fig. 3).

Discussion

It is well-known that spontaneous improvement of neuro-
logical status is observed in CSCI. With time, neurological
status improves in a large percentage of patients with
incomplete CSCI [1]. However, in patients with incomplete
CSCI, they sometimes are classified initially as AIS A just
after injury.

There have been few reports on the natural history
recovery in those with complete CSCI [12–14]. Reports on
the rate of recovery from AIS A and reports on the prog-
nostic factors associated with CSCI recovery are available;
however, the time that is required to confirm the diagnosis
of permanent complete CSCI in patients with traumatic
CSCI is not well documented.

Mori et al. [13] reported on neurological improvement
after conservative treatment in patients with complete motor
paralysis caused by acute CSCI without bone and disc
injury. According to their report, 30% of the patients who
were considered to have an AIS A within 72 h after a
traumatic CSCI showed neurological improvement to motor
incomplete CSCI. El Tecle et al. [12] conducted a meta-
analysis of data reporting on AIS A patients and reported
that the overall rate of conversion of AIS A was 33.3%.
However, the study did not ascertain the time at which the
initial evaluation was conducted or the time at which
improvement or conversion occurred.

Again, AIS A in the acute phase after injury is not equal
to permanent complete CSCI. Although the majority of
people classified as AIS A in the acute phase may ultimately
show complete CSCI, some will spontaneously improve to
AIS B, C, D. If patients who were initially classified as AIS
A in the acute phase receive therapeutic intervention, and
then subsequently show recovery from AIS A, whether or
not their improvement is influenced by the therapeutic
intervention or merely represents a spontaneous improve-
ment remains unclear. When, then, should we determine
that the CSCI is permanent in patients initially classified as
AIS A in the acute phase?

The present study demonstrates that CSCI can almost
certainly be classified as permanent complete CSCI if
recovery from AIS A has not been observed within 8 weeks
after the injury. With these results in mind, we should
carefully evaluate the effects of therapeutic interventions
(e.g., surgery, the administration of drugs, regenerative
medicine, etc.) performed with the aim of achieving neu-
rological improvement of AIS A CSCI in the 8-week period
after the injury. Additionally, we should evaluate more
carefully the effect of interventions for CSCI because AIS ATa
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cases are common in the very acute phase (i.e., within 72 h
after injury).

Despite early interventional surgery, the rate of AIS A
with recovery potential in CSCI with bone injury was sig-
nificantly worse than that of CSCI without bone injury in
the present study. Additionally, the reported improvement
rate of those classified as AIS A differs among various
studies (Table 4) [4, 8, 9, 13]. The reason for such differ-
ences possibly is due not to the intervention itself, but to
differences in the rate of inclusion of those with AIS A with
recovery potential in the acute phase of CSCI. The prog-
nosis of those with AIS A with recovery potential was also
different between CSCI with bone injury and CSCI without
bone injury, showing that, the rate of motor recovery in
CSCI with bone injury was significantly worse than that of
CSCI without bone injury. The reason for such differences
might be due not to the intervention surgery, but to differ-
ences in the degree of damage to the spinal cord. The
relationship between the degree of paralysis and traumatic
force has been reported in the past [17].

Although this study assessed a relatively small sample
(n= 203) and despite the fact that the surgical intervention
was performed within 48 h for patients with bone injury, the
results of the present study sufficiently demonstrate the

optimal time frame for confirming the diagnosis of perma-
nent complete CSCI.

Conclusion

If CSCI patients classified as AIS A have not recovered by
8 weeks, the likelihood that they will recover from AIS A is
marginal. However, this conversely means that we must
consider the possibility that a patient with a traumatic CSCI
classified as AIS A may still show recovery from AIS A
within the first 8 weeks after injury.

Data archiving

Data sets generated and/or analyzed during the current study
are not publicly available due to the inclusion of private
information of patients but are available from the corre-
sponding author on reasonable request.
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Table 3 Prognosis of AIS A at initial assessment

Initial AIS A AIS after 1 year AIS A with
recovery
potentialA B C D

CSCI with
bone injury

128 113 8 5 2 15

CSCI without
bone injury

75 55 2 18 0 20

Fig. 3 Rate of motor recovery in initial AIS A with recovery potential.
Seven of the 15 (47%) patients with bone injury showed motor
recovery (up to AIS C, D) and 18 of the 20 (90%) patients without
bone injury showed motor recovery (up to AIS C).The rate of motor
recovery in CSCI with bone injury was significantly worse than that of
CSCI without bone injury. *P < 0.05, Chi-square test

Table 4 Differences among the reported recovery rate from AIS A

Author and year Evaluation
w/in 72 h

Type of intervention Rate of recovery
from AIS A (%)

Vaccaro et al.
[9], 1997

Yes Early op (mean
1.8 days)
Late op (mean
16.8 days)

22
13

Papadopoulos
et al. [8], 2002

Yes Early op (w/in 24 h)
Late op

55
19

Fehlings et al.
[4], 2012

Yes Early op (mean 14.2 h)
Late op (mean 48.3 h)

43
33

Mori et al.
[13], 2018

Yes None 30

Present
study, 2019

Yes Early op (w/in 48 h,
with bone injury)
None (w/out bone
injury)

11.7
26.7
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Informed consent Informed consent was obtained from all of the
patients who were included in the present study.
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