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Atrticle info: : ABSTRACT
04 Nov 2022
25 Nov 2022 ' Background: Traumatic spinal cord injury (TSCI) is a recognized health challenge worldwide
09 Dec 2022 :  that may lead to physical and neurological disorders. Neurological recovery following TSCI
01 May 2023 : depends on several factors.

Objectives: This study aims to investigate predictors of neurological recovery in patients with TSCL.

Methods: In this multicenter cohort study, the medical profile of 120 TSCI patients referred to
the emergency room of two educational centers affiliated with Golestan University of Medical
Sciences between 2014 and 2018 were examined. A definitive diagnosis of TSCI was made based
on neurological examination and radiographic results. Patient information was collected using a
two-part checklist that included demographic characteristics and clinical results. TSCI severity
was assessed using the American spinal cord injury scale (ASIA) 12 months after surgery.
Multivariate logistic regression analysis was used to investigate predictors of improvement in
neurological recovery.

Results: The average age was 35.16+13.61 years. A total of 96 people (80%) were men. The
average duration of surgical injury in TSCI patients was 5.3+2.3 days. The results of multivariate
analysis showed that age >30 years (odds ratio (OR) adj=1.44; 95% confidence interval (CI),
1.03—1.85; P=0.04), female gender (OR adj=1.54; 95% CI, 1.09%, 2.08%; P=0.032), body mass
index (BMI) >26 kg/m? (OR adj=1.41; 95% CI, 1.02%, 1.88%; P=0.006), duration of injury to
surgery >4 days (OR adj=1.62; 95% CI, 1.11%, 2.12%; P=0.04) and the severity of the initial
injury (A and B vs C and D) (OR adj=1.81; 95% CI, 1.12%, 254%; P=0.001), were significantly

Keywords: related to neurological recovery.

Traumatic spinal cord injury ¢ Conclusion: Our study showed that neurological recovery was higher in men younger than
(TSCI), Neurological recovery, : 30 years with a standard BMI. Delayed treatment and the severity of the initial injury were
Predictors *  significantly associated with decreased neurological recovery.
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Introduction

raumatic spinal cord injury (TSCI) is a

well-known health challenge worldwide

that has increased significantly in recent

years [1, 2]. In addition to the mortality

caused by TSCI, which is reported above

in severe cases, the complications and out-
comes of TSCI, including functional and neurological
disabilities due to the need for expensive and complex
medical support in TSCI patients, impose a significant
burden on economic and health systems [1, 3, 4]. The
prevalence of TSCI varies across geographical regions
[3, 5-7]. According to the latest reports, the incidence
and prevalence of TSCI at the global level are 0.9 (a
range of 0.7 to 1.2 million) and 20.6 (a range of 18.9
to 23.6 million cases), respectively [5]. Traffic injuries,
falls, work-related injuries, violent crimes, and sports-
related injuries are the known causes of TSCI. Its preva-
lence is more common in men than in women and in the
age range of 20 to 30 years than other ages [7-9].

Neurological injuries are among the most severe and
common outcomes of TSCI [10]. Most patients’ neuro-
logical recovery after a spinal cord injury (SCI) occurs in
the first six months following the accident, but progress
can be monitored for up to five years [11]. The prognosis
for nerve recovery varies and is mainly determined by the
initial severity of the nerve damage. A higher degree of
early injury suggests a worse one-year prognosis [12, 13].

Neurological examinations with the international stan-
dards for neurological classification of spinal cord injury
(ISNCSCI) endorsed by the American Spinal Injury As-
sociation (ASTA) and the International Spinal Cord Soci-
ety (ISCOS) is the safest way to diagnose and classify the
level and degree of TSCI [14]. However, the use of imag-
ing techniques, both as a support method for diagnosis
and to identify possible accompanying injuries, is undeni-
able, and direct evaluation of the spinal cord parenchyma
is only possible using imaging techniques [14].

TSCI may lead to physical, social, and occupational
disorders in people [9]. Permanent loss of sensation and
motor ability is common in patients with severe TSCI
[6]. Clinical outcomes and neurological recovery after
TSCI depend on various factors [11, 15, 16]. Therefore,
considering the importance of this topic, this study was
conducted to investigate the clinical outcomes and pre-
dictive factors of patients with TSCI.
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Methods

In this retrospective cohort study, the medical records
of 154 patients with TSCI referred to the emergency
department of an educational center (5 Azar Hospital)
affiliated with Golestan University of Medical Sciences
between 2014 and 2021 were reviewed. Convenience
sampling was performed for all referring patients in this
time interval. The definitive diagnosis of TSCI was made
by a spine specialist based on neurological examinations
and radiographic results (magnetic resonance imaging
[MRI]). Finally, the medical profiles of the 120 patients
were evaluated.

The inclusion criteria included a definite diagnosis of
SCA, follow-up for at least 12 months after the opera-
tion, and access to clinical and radiographic findings of
the patients. The exclusion criteria included other neu-
rological diseases, such as Parkinson’s disease, multiple
sclerosis (MS), and other skeletal-neurological diseases
that can lead to neurological disorders in patients, pa-
tients with TSCI with an unknown mechanism, and lack
of access to clinical outcomes.

Patient data were collected using a two-part checklist,
including demographic characteristics (age, sex, and
body mass index [BMI]) and clinical findings (disease
severity, time of hospitalization, initial evaluations upon
entering the emergency room, duration of surgery, type
of spine surgery, medicines used, duration of hospitaliza-
tion and functional and neurological outcomes).

TSCI severity was assessed using the ASIA impair-
ment scale [17]. The classification was as follows: Com-
plete defect (grade A); sensory function, but not motor
function, was preserved below the nerve level, and some
sensation was preserved in the S4 and S5 sacral seg-
ments (grade B); motor function was preserved below
the nerve level, but more than half of the key muscles
below the nerve level had muscle grade <3 (grade C),
motor function was preserved below the nerve level, and
at least half of the key muscles below the nerve level
had muscle grade three or more (grade D) and typical
performance (grade E).

Two independent researchers (neurologists and spine
surgeons) classified TSCI. Their agreement was evalu-
ated using the Cronbach a. The Cronbach a coefficient
for TSCI severity classification was 0.91 (in the range of
0.88 to 0.95), which is excellent.
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Data were analyzed using SPSS software, version 22.
Descriptive statistics were used to report qualitative vari-
ables. Quantitative variables were reported as Mean+SD.
Using the Smirnov test, Kolmogorov evaluated the nor-
mality of the distribution of quantitative variables. To
compare quantitative variables between groups (TSCI
severity), assuming a normal distribution of variables, a
t-test was used, and if normality was not established, the
Mann-Whitney test was used. To compare the variables
in more than two groups, one-way analysis of variance
(ANOVA) with the assumption of normality and Krus-
kal-Wallis test with the assumption of non-normality was
used. Chi-square and Fisher’s exact tests were used to
determine the relationship between qualitative variables.
Multivariate logistic regression analysis with a backward
method investigated vital factors predicting outcomes in
patients with TSCI. The effect size was reported as odds
ratios (OR) with a 95% confidence interval (95 % CI).
P<0.05 was considered as a statistical significance level.

Results

The mean age of patients was 35.16£13.61 years
(range: 18 to 45 years). Ninety-six patients (80%) were
men. The mean BMI) was 25.16+3.61 kg/m?. The mean
duration of the injury to the operation of TSCI patients
was 5.3+2.3 days. Twenty-four patients (80%) had a
history of corticosteroid use. Traffic accidents were the
most common cause of trauma in 80 patients (66.70%).
In terms of injury area, 48 patients (40%) had neck inju-
ries, 36(30%) had chest injuries, and 36(30%) had back
injuries. The most commonly performed surgery was
laminectomy + posterior fusion, which was performed in
46.70% of the patients (Table 1). In terms of initial neu-
rological status, 40 patients (33.30%) had ASIA impair-
ment scale (AIS)-A, 36(30%) had AIS-B, 20(16.70%)
had AIS-C, and 24(20%) had AIS-D. None of the pa-
tients had an AIS-E initial neurological status.

One year after treatment, no improvement was ob-
served in 32 patients (26.70%). Although 88 patients
(73.3%) had some degree of sensory or motor limita-
tion, the condition of these patients was significantly
improved compared to before surgery. The mean of
hospitalization was 13.7+23.47. In addition, 91 patients
(75.8%) had no postoperative complications. However,
15 patients (12.5%) had bedsores, three patients (2.5%)
had respiratory problems, and 11 patients (9.2%) had
other complications. Eight patients (6.70%) died.
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The mean age of patients with recovery was signifi-
cantly lower than non-recovery patients (34.01+12.12 vs
39.6+14.2 years, P=0.025). The proportion of men in the
group with improvement was significantly higher than
that in the group without improvement (89.8% vs 53%).
The severity of the initial injury was significantly related
to the recovery rate, and patients with injury levels C or
D had significantly more recovery. Also, the mean BMI
was lower in patients with improvement than those with-
out improvement (P=0.021). The mean duration from
injury to surgery was significantly shorter in patients
with recovery than those without recovery (3.4+£3.4 vs
6.743.3). No significant correlation was observed be-
tween neurological recovery rate and other variables
(Table 2).

The results of multivariate analysis showed that age
>30 years, female gender, BMI >26 kg/m?, duration of
injury to surgery >4 days, and the severity of the initial
injury (A and B vs C and D) were significantly related to
increased risk of on-recovery of neurological outcomes
(Table 3).

Discussion

Our study showed that the frequency of TSCI was high-
er in men in their second and third decades of life. The
average duration from injury to surgery depends on the
injury’s severity; more than half of the patients under-
went surgery more than five years after injury. Twelve
months after the surgery, no neurological improvement
was observed in nearly one-fourth of patients. Nearly
75% of patients had improved neurological outcomes
compared to those before surgery, and neurological
function had reached a normal level in nearly 20% of pa-
tients. The improvement in neurological outcomes was
significantly better in men than in women and in those
ages <30 years than in those aged 30 years. In addition,
the amount of biodegradation in obese or overweight
people was significantly higher than that in people with a
higher BMI. Surgery in the first few days after injury (<4
days) can be associated with improved neurological out-
comes. The recovery rate of neurological outcomes was
significantly lower in patients with more severe forms
of injury based on the AIS classification, consistent with
the results of studies conducted in this field [18-20].

In a 2022 study, Mora-Boga et al. [19] evaluated the
predictors of neurological recovery in 296 patients with
TSCI and showed that the rate of improvement in neuro-
logical outcomes was significantly related to the severity
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Table 1. Clinical and demographic characteristics of patients with TSCI (n=120)

Variables Category MeanzSD/No. (%)
Age (y) 35.16+13.61
Male 96(80)
Sex
Female 24(20)
BMI (kg/m?) 25.1613.61
Duration of injury to surgery (day) 5.3+2.3
Traffic 80(66.7)
Mechanism of injury
Non-traffic 40(33.3)
Neck 48(40)
Injured area Chest 36(30)
Lumbar 36(30)
Laminectomy + posterior fusion 65(54.2)
Corpectomy/Fusion 15(12.5)
Surgery type
Discectomy 19(15.8)
Fusion 21(17.5)
A 40(33.3)
36(30)
The severity of the initial injury
20(16.7)
24(20)
TSCI: Traumatic spinal cord injury; BMI: Body mass index. Orthopedic Science

of the initial injury. The recovery rate was significantly
higher in patients with a less severe injury. In our study,
the chance of recovery was significantly higher in pa-
tients with early forms of the disease than in those with
more severe forms.

Consistent with the results of our study, Wichmann et
al. [21] evaluated 143 patients with TSCI and showed
that the chances of recovery of functional and neurologi-
cal outcomes were significantly related to the severity
of the initial injury based on the AIS and the duration of
the injury to surgery. They also showed that ASIA motor
score (AMS) was associated with improved neurologi-
cal outcomes while having prior underlying diseases re-
duced the chance of improved neurologic and functional
outcomes. We could not estimate AMS in our study.
Moreover, considering that most of our patients were
<40 years old, the prevalence of underlying diseases in
those patients is very low, and due to the small sample

size in the subgroup of underlying diseases, we could
not estimate its effect. In a systematic review and me-
ta-analysis, Ma et al. [22] reported that serial treatment
of patients with TSCI with immediate decompression
in the first hours after the injury (first 8 hours) can be
significantly associated with neurological improvement.
Evaniew et al. [16] evaluated 85 patients with TSCI and
showed that older age, female sex, and delay in treat-
ment were significantly associated with decreased neu-
rological recovery, which is consistent with our results.
Kao et al. [23] showed that obesity was negatively cor-
related with motor functional independence measure
(mFIM) improvement. They showed that neurological
improvement was lower in patients with a higher BMI
than in those with a BMI, which was consistent with the
results of our study.
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Table 2. Comparing the results of univariate analysis to investigate the relationship between variables and neurological out-
comes

Neurological and Clinical Outcomes

Variables Category Mean+SD/No. (%) P
Improved (n=88) Non-improved (n=32)
Age (y) 34.01+12.12 39.6+14.2 0.025
Male 79(89.8) 17(53)
Sex 0.042
Female 9(10.1) 15(47)
BMI (kg/m?) 24.2+2.9 28.02+3.88 0.021
Duration of injury to surgery (d) 3.443.4 6.713.3 0.001
Traffic 61(69.3) 18(56.3)
Mechanism of injury 0.08
Non-traffic 19(21.7) 14(43.7)
Neck 40(45.5) 12(37.5)
Injured area Chest 25(28.4) 11(34.4) 0.11
Lumbar 23(26.1) 9(28.1)
Laminectomy + posterior fusion 48(54.5) 17(53.1)
Corpectomy/fusion 10(11.4) 5(15.6)
Surgery type 0.094
Discectomy 12(13.6) 7(21.9)
Fusion 18(20.5) 3(9.4)
A 25(28.4) 15(46.9)
B 22(25) 12(37.5)
The severity of the initial injury 0.001
c 18(20.5) 2(5.8)
D 23(26.1) 3(9.8)
BMI: Body mass index. Orthopedic Science
Table 3. Results of multivariate analysis
Variables Adjusted OR 95% CI P
Severity of the initial injury (A and B vs C and D) 1.81 1.12,2.54 0.001
Sex (female) 1.54 1.09, 2.08 0.032
BMI >26 kg/m? 141 1.02,1.88 0.042
Duration of injury to surgery >4 days 1.62 1.11,2.12 0.006
Age >30 year 144 1.03,1.85 0.04
Abbreviations: BMI: Body mass index; OR: Odd ratio; CI: Confidence interval. Orthopedic Science
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The difference in rehabilitation recovery can be ex-
plained by the difference in characteristics and treat-
ment participation between patients with inappropriate
weight and those with normal weight. Tian et al. [24]
showedthat participation in rehabilitation treatments was
lower in patients with high body weight (BMI) than in
patients with normal weight.

Facchinello et al. [20] showed that injury severity score,
age, nerve level, and preoperative delay were predictors
of neurological outcomes, which confirmed the results
of our study. Contrary to our results, Furlan et al. [25]
did not report a significant relationship between age and
neurological recovery. This difference can be explained
by the differences in the sample size and characteristics
of the patients examined in the two studies.

Consistent with the results of our study, Heller et al.
[18] showed that treating patients with TSCI in the first
hours and days after injury was significantly associated
with improved functional and neurological outcomes.
They also showed that the improvement in the results
was significantly related to the age of the patients, and
the improvement was significantly higher in younger pa-
tients. This mechanism may be due to the increased in-
flammation in the early stages of ASI. They reported that
an increase in the intermediate CD14-/CD16+/1L10+/
CXCR4int monocyte subpopulation significantly en-
hanced the immune response in the early hours and days
after injury. They reported that increased initial concen-
trations of CD14-/CD16+/IL10+/CXCR4int monocytes
were associated with a higher probability of CNS regen-
eration and improved neurological recovery.

Conclusion

Our study showed that neurological recovery was high-
er in men than in women. Neurological recovery was
lower in patients older than 30 years with a non-normal
body mass profile (overweight or obese). Treatment in
the early days and hours was associated with improved
neurological recovery, while the severity of the initial
injury was significantly associated with decreased neu-
rological recovery.

Our study had strengths and weaknesses. The most
crucial weakness of this study was the short follow-up
period of the patients and the small sample size of the
subgroup with no recovery. We assessed neurologic out-
comes 12 months after treatment, and the results may
differ in longer-term follow-ups with larger sample siz-
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es. In addition, due to the study design, we could not
estimate a number of essential indicators, such as AMS,
which may affect the study’s results. The design of pro-
spective studies with a more extended follow-up period
and a larger sample size can help make a more accurate
estimate. The vital strength of this study was that it in-
vestigated the predictors of neurological recovery in a
suitable sample size of TSCI patients in a multi-centered
manner in the Iranian population.
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