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Abstract

Purpose This study aims to assess the nerve function deficient recovery in surgically treated patients with cervical trauma
with spinal cord injury (SCI) in chronic stage and figure out prognostic predictors of improvement in impairment and
function.

Methods We reviewed the clinical and radiological data of 143 cervical SCI patients in chronic stage and divided into
non-operative group (n=061) and operative group (n=_82). The severity of neurological involvement was assessed using
the ASIA motor score (AMS) and Functional Independence Measure Motor Score (FIM MS). The health-related quality
of life was measured using the SF-36 questionnaire. Correspondence between the clinical and radiological findings and the
neurological outcome was investigated.

Results At 2-year follow-up, surgery resulted in greater improvement in AMS and FIM MS than non-operative group.
Regression analysis revealed that lower initial AMS (P =0.000), longer duration after injury (P =0.022) and injury above
C4 level (P=0.022) were factors predictive of lower final AMS. Longer duration (P =0.020) and injury above C4 level
(P=0.010) were associated with a lower FIM MS. SF-36 scores were significantly lower in higher age (P=0.015), female
patients (P =0.009) and patients with longer duration (P=0.001).

Conclusion It is reasonable to consider surgical decompression in patients with cervical SCI in chronic stage and persistent
spinal cord compression and/or gross cervical instability. Initial AMS, longer duration, injury above C4 level, higher age
and female patients are the five major relevant factors of functional recovery.
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Introduction

Cervical trauma with spinal cord injury (SCI) is common
in China. It is usually seen in patients with cervical stenosis
or spondylosis who sustain a hyperextended or complicated
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force to the cervical spine, it can also present in patients with
acute traumatic cervical disk herniations or acute fractures
and fracture/dislocations of the cervical spine with instabil-
ity [1]. Cervical SCI can lead to paralysis, sensory impair-
ment and bowel, bladder and sexual dysfunction. It has an
immense social and financial impact on society.

The efficacy and timing of surgical decompression after
an acute cervical SCI remain one controversial topic, espe-
cially for the patients without acute fractures and fracture/
dislocations. Conservative treatment does have some effect
on the recovery of nerve function, but most of patients still
suffer from persistent neurological deficits that interfere with
activities of daily living. Several authors have suggested
potential benefits of early surgical intervention [2, 3]. More
recently, a large prospective multicenter study showed that
decompression prior to 24 h after SCI can be performed
safely and is associated with improved neurologic out-
come defined as at least a 2 grades American Spinal Injury
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Association (ASIA) improvement. Other studies reported
similar findings [4-7].

The present status of treatment for acute cervical SCI is
more complicated in China. Some of the patients did not
undergo early surgery after injury due to iatrogenic factors
such as misdiagnosis and severe comorbidities. However,
social factors such as deficient emergency patients trans-
port and care system, lacking of hospitalizing compliance
and economic reasons also hindered early surgery for acute
cervical SCI patients. As SCI changed in the progression
from the acute to chronic stages, part of patients would
seek further treatment because of unsatisfied neurological
recovery with conservative treatment. Surgical decompres-
sion would be adopted on a delayed basis, but the surgical
efficacy is still uncertain. The purpose of this study was to
assess the nerve function deficient recovery in surgically
treated patients with cervical SCI in chronic phase and iden-
tify prognostic predictors of improvement in impairment and
function.

Material and methods
Study population

From April 1999 through March 2017, one hundred and
fifty-five patients with cervical SCI in chronic stage (later
than 2 months after cervical injury) were included in the
study. The data were divided into two groups according to
therapy method: Operative group underwent surgery, and
non-operative group refused surgery and insisted on con-
servative treatment. Diagnosis of cervical SCI will be made
on the patient’s history, including physical and neurological
examinations, and the results of imaging studies, includ-
ing plain radiographs, magnetic resonance imaging (MRI)
and computed tomography (CT). The surgical indications
for chronic spinal cord injury include spinal instability and
spinal cord compressions such as osteophytes, disk hernia-
tion and hypertrophied ligaments. In order to evaluate the
surgical efficacy better, we only included the patients with
incomplete SCI (AIS grade C-D). The exclusion criteria
were as follow: pre-injury major neurologic deficits or dis-
ease (i.e., ischemic stroke, Parkinson’s disease); patients
with severe spinal fracture or dislocation; less than 1 months
after initial injury.

Surgical treatment

All surgeries were performed by one single surgical team
who were all experienced with cervical spine surgery. The
choice of the operation was dependent on the characteristics
of cord compression. Large osteophyte and disk complexes
extending posterior to the vertebral body were decompressed

@ Springer

by corpectomy with instrumentation. If compression was
caused by anterior degenerative disk, discectomy with
instrumentation was performed. The standard Smith-Rob-
inson approach was used to expose the anterior cervical disk.
Cervical fusion was performed with PEEK interbody cage
and/or titanium mesh cage (DePuy Spine, New Brunswick,
New Jersey) combined with locking plate fixation (DePuy
Spine, New Brunswick, New Jersey). Posterior laminectomy
with instrumentation would be performed for cervical canal
stenosis patients. For laminectomy, a midline incision and
standard subperiosteal dissection were made to expose the
posterior elements of cervical spine. Cervical lateral mass
and pedicle screws were inserted and contoured titanium
rods were attached to the screws. Laminectomy of affected
segments was performed by using a rongeur and high-
speed bur. Autogenous bone grafts from the lamina were
placed adjacent to the joints to enhance posterior fusion. All
patients received hyperbaric oxygen treatments and intensive
rehabilitation and wore Philadelphia collars for an average
of 10 weeks after operation.

Conservative treatment

All the patients who refused operation would receive appro-
priate treatment measures, including rehabilitation physi-
otherapy and oral intake of mecobalamin 500 mg tid for
3 months. Patients were instructed to wear neck collars for
3 months.

Clinical assessment

Operative patients would be evaluated two weeks, three
months, 6 months, 1 year and 2 years after operation. While
non-operative patients would be followed 2 weeks, 3 months,
6 months, 1-year and 2 years after their first clinic visit. The
severity of neurological involvement and functional recovery
was assessed using the ASIA motor score (AMS) and Func-
tional Independence Measure Motor Score (FIM MS). The
health-related quality of life was measured using the SF-36
questionnaire. Complications rates and mortality were also
assessed in this study. The following data were also recorded
for each patient: history; symptoms at admission; duration
of symptoms; physical and neurological findings at presen-
tation; intraoperative spinal observations; and preoperative
and postoperative radiological findings.

Statistical analysis

Data were analyzed using Microsoft Excel 2010 (Microsoft,
Redmond, Washington) and SPSS version 19.0 software
(SPSS, Inc, Chicago, Illinois). The quantitative data such
as age and AMS are presented as the mean + sd. Inter-group
comparisons were made by t test. Chi-square test was used



European Spine Journal (2021) 30:1495-1500

1497

for categorical data. Regression modeling was performed
using the following dependent variables: final AMS, FIM
MS and SF-36. Independent variables analyzed include age,
gender, duration after injury, injury level, head injury, steno-
sis, intramedullary increased signal intensity (ISI) on T2WI
of MRI and ossification of posterior longitudinal ligaments
(OPLL). A P value less than 0.05 was considered statisti-
cally significant.

Results
Patients data

Seven patients were excluded because they did not com-
plete 2-year follow-up. Five patients were excluded because
they changed with operation during follow-up. The study
group comprised of 31 women and 112 men. According to
the treatment options, these patients were divided into two
groups, operative group and non-operative group. Eighty-
two patients who underwent operation were classified as
the operative group, and 61 patients who insisted on con-
servative treatment were categorized as the non-operative
group. Table 1 summarizes the demographics of the patients,
imaging results and clinical therapeutic effects of the two
groups. There was no significant difference in age or dura-
tion between the two groups. In all two groups, the majority
of patients were male.

Reasons that patients miss their chance of early surgi-
cal treatment including: fear of surgery (51 cases, 35.7%),
medical expenses (32 cases, 22.4%), other surgical contrain-
dications (22 cases 15.4%), distrust in doctors (18 cases,
12.6%), misdiagnosis (12 cases, 8.4%) and others (8 cases,
5.6%). Reasons making chronic cervical SCI patients agree
to surgery include: poor efficacy of conservative treatment
(49 cases, 59.8%), surgical contraindication eliminated (15

cases, 18.3%), misdiagnosis (11 cases, 13.4%) and others (7
cases, 8.5%).

Operation versus conservative treatment

AMS and FIM MS were statistically different between pre-
operation and post-operation in operative group. As com-
pared with the non-operative group, significant improvement
of post-op AIS score and FIM MS was shown in operative
group. There was significant difference in clinical effects
between the two groups.

Analysis of factors associated with surgery results

At the time of first clinic visit, initial AMS was an aver-
age of 49.59+11.21. At follow-up, the final AMS was a
mean of 67.63 +12.37; regression analysis revealed that
final AMS was most strongly predicted by the initial AMS
(P=0.0000), duration (P =0.022) and injury above C4 level
(P=0.022). In operative group of 82 patients, the mean FIM
MS was 72.16 +16.69. Regression analysis revealed a higher
FIM MS with shorter duration after injury (P =0.020), sug-
gesting a higher level of function in patients. Injury above
C4 level was associated with a lower FIM MS (P =0.010).
Regression analysis revealed that the SF-36 scores were sig-
nificantly lower in higher age, female patients and patients
with long duration after injury. (P=0.015, 0.009 and 0.001).
(Table 2).

Discussion

Although some studies showed no benefit to early decom-
pression [8], most spine surgeons favor early decompres-
sion to avoid missing the potential therapeutic window in
the acute phase [3, 5-7]. With incomplete SCI, there is the
greatest evidence for improved neurological function with

Table 1 Comparison of the

. . Factor Operation group Non-operation group P value

operation and non-operation (n=82) (n=61)

groups
Age 49.39+10.77 47.82+11.17 0.397
Gender (male: female) 66:16 46:15 0.466
Duration 4.60+2.34 4.48+2.60 0.767
Injury level (above C4: C5-C8) 25:57 15:46 0.437
Head injury (yes: no) 14:68 6:55 0.217
Stenosis (yes: no) 24:58 19:42 0.808
ISI (yes: no) 62:20 45:16 0.802
OPLL (yes: no) 20:62 12:49 0.503
AMS 49.59+11.21 51.15+12.01 0.425
Final AMS 67.63+12.37 62.05+12.33 0.008
FIM MS 72.16+16.69 66.67+13.19 0.036
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Table 2 Analysis of factors associated with surgery results

Independent (predictor) variables

Dependent (outcome) variables

Final ASTA motor score

Functional independence measure
(FIM) motor score

Short form-36 physical com-
ponent score

Regression coef- P value Regression coef- P value Regression coef- P value
ficient (beta) ficient (beta) ficient (beta)
Age 1.479 0.571 2.334 0.579 —6.205 0.015
Gender 0.110 0.266 —0.061 0.699 0.252 0.009
Duration —1.134 0.022 —1.842 0.020 —1.644 0.001
Injury level (above C4) -5.671 0.022 —9.640 0.010 -0.812 0.709
Head injury —2.684 0.334 -2.731 0.542 —-0517 0.846
Stenosis —-4.356 0.065 -6.621 0.081 -3.212 0.153
intramedullary increased signal inten- ~ —1.942 0.414 —1.402 0.714 2.432 0.286
sity (IST)
OPLL —2.480 0.329 —6.181 0.126 —2.366 0.322
Initial ASIA motor score 0.471 0.000

early surgery [9]. However, patients with acute cervical SCI
are commonly managed with delayed surgical interven-
tion [10, 11]. Samuel et al. [12] found that the majority of
patients with SCI did not undergo surgery within the first
24 h after injury, and the majority of delays occurred after
inpatient admission. Most of them could get surgical treat-
ment in 83.1 h. Few patients could not be treated in time. In
our study, we found deficient emergency patients transport
might not be the main cause for delaying treatment, and the
delay time is longer either in China. Social factors resulting
in delayed surgical intervention should not be ignored. Fear
of surgery risks and medical expenses are two leading causes
of rejecting surgery in acute period. The individual health-
care financial impact remains an important determinant for
people making medical decisions. An opinion piece recently
published in the Lancet argued that increased out-of-pocket
health care costs are a major cause of patient dissatisfaction
[13, 14]. Indeed, insufficient propaganda of medical knowl-
edge and asymmetry of information have prompted fears
of surgery and risk. The third-ranked reason was distrust
in medical staff. Shan et al. found that trust was the most
important factor contributing to patient satisfaction. A wide
range of factors (poor facilities, cumbersome procedures,
empathic staff attitudes ward environment, etc.) complicates
patient’s distrust in health providers in China, and hence,
reinstating and maintaining patient trust is a great challenge
in China. Nevertheless, 59.8% of cervical SCI patients in
chronic phase sought surgery because of unsatisfied func-
tional recovery with conservative treatment in our study.
Although missed the best time for surgical treatment,
we found operation in chronic stage still had clinical sig-
nificance. Current concepts of the pathophysiology of acute
SCI indicate that there are both primary and secondary
mechanisms that lead to neurologic injury. The primary
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injury usually results from rapid spinal cord compression
and contusion. Secondary injury is a cascade of pathophysi-
ological events including edema, ischemia, inflammation
and apoptosis following the initial impact, which develops
within minutes to hours following the trauma. Laboratory
evidences support the theory that early decompression might
alleviates ‘secondary injury’ and results in enhanced neuro-
logical and functional recovery [15]. Neurological functions
of patients receiving conservative treatment were partly
recovered, but only reached a therapeutic plate with different
degrees of myelopathy, radiculopathy or both. Nerve com-
pression and instability of cervical spine could be observed
in imaging examinations. In our study, we found clinical
outcomes of surgical patients were superior to patients insist
on conservative treatment. Surgery combined with internal
fixation can decompress the spinal cord and obtain the sta-
bility for the injured cervical spine. It might be beneficial
for the function recovery of nerve and reverses the loss of
neurological function.

Significant improvements of Post-op AMS and FIM MS
were shown in the operative group, some risk factors might
affect the prognosis of the operation. Severity of SCI and
duration of ischemia still are the main decisive factors. We
found initial AMS and long duration were associated with
less functional recovery. For severe obsolete injury patients
with low initial AMS, SCI may have caused severe irre-
versible pathological changes. Even if decompression is
thorough, recovery of nerve function is not obvious. Other
studies also have found that low initial AMS indicated poor
functional recovery [16—18]. Vidal et al. [19] demonstrated
that patients with longer duration exhibited smaller func-
tional improvements in functional recovery. Their data dem-
onstrate that longer duration exacerbates reperfusion injury
and is associated with ongoing enhanced levels of cytokine
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expression, microglia activation, and astrogliosis and paral-
leled with poorer neurological recovery. Meanwhile, SCI
in the upper cervical region (levels C1-C4) was associated
with less functional recovery. It might be related to greater
associated deficits after injury (neurological dysfunction,
blood pressure lability with unopposed vagal signaling and
pulmonary infection) [12].

There have only been a few studies that have reported
gender disparities in reported satisfaction measures. Most
of the studies have associated the female gender with poorer
postoperative satisfaction scores across surgical specialties
[20], including after spinal surgery [21-23]. In a previous
national EQ-5D survey, women had significantly lower
scores than men. Women suffered more from anxiety and
depression and felt more painful [24]. Shabat et al. con-
cluded that the reasons were multifactorial and not related to
the surgery. Women also had a 15% higher risk of undergo-
ing further surgery [24]. Similarly, our reported satisfaction
scores demonstrated that male patients tended to be satisfied
with their outcomes compared with female patients.

The present investigation has several limitations. First,
our study is limited because of the relatively small num-
ber of patients. Second, different pathologies found in MRI,
including edema, contusion and hemorrhage, to some extent,
correlate with the neurologic deficit. We recognized that our
patient group was heterogeneous, and the cases involved dif-
ferent kinds of pathology. Third, we did not endeavor to
compare different surgical techniques. This area has been
examined in the literature without conclusive evidence and
is an important area of further research. Prospective rand-
omized trials will be imperative to compare outcomes asso-
ciated with surgical versus medical management.

Conclusion

In conclusion, we suggest that surgical intervention can be
safely applied for obsolete cervical SCI patients with per-
sistent spinal cord compression and/or gross cervical insta-
bility. The overall improvement in AMS and FIM MS was
relatively satisfactory. The improvements in the AMS and
FIM MS were negatively correlated with severe SCI (lower
initial AMS), longer duration and injury above C4 level.
Women tend to have less satisfactory results than men. Care-
fully examination of clinical and radiological findings may
provide an important basis for selection of the appropriate
treatment method.
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