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Introduction

Traumatic spinal cord injuries cause long-term disability and functional impairment.
Timely and proper surgical treatment improves neurological recovery and functional
outcomes. However, in low-resource setting countries, surgical intervention is usually
delayed raising concerns about the recovery of patients. Hence, this study investigated
the neurological improvement of patients undergoing surgery for traumatic spinal cord
injuries at the University Teaching Hospital in Lusaka, Zambia.

Methods

This was a retrospective study that included all eligible patients with traumatic spinal
cord injury managed surgically at the University Teaching Hospital between 2018 and
2022. The study assessed neurological improvement by comparing the American Spinal
Injury Association’s neurological grading before surgery to that at discharge. Data was
analysed using Stata 17, and the level of significance was set at 5%.

Results

Out of the 96 patients in the study, 45.8% showed neurological improvement of at least
one grade after surgery. Patients with thoracic injuries showed lower improvement
rates (25.0%) than those with cervical (55.0%) or lumbar injuries (65.0%), while those
with incomplete injuries showed higher improvement rates (78.7%) (p <0.05).Thoracic
injuries were associated with reduced neurological improvement (AOR 0.21; 95%
CI: 0.04 – 0.95, p = 0.043), while incomplete injuries were associated with higher
neurological improvement (AOR 18.58; 95% CI: 6.11 – 56.51, p < 0.001).

Conclusion

Neurological improvement was poor for thoracic injuries and complete injuries,
highlighting the necessity for further investigation into the specific structural features
and mechanisms of injury that contribute to poor neurological improvement in thoracic
injuries and the identification of effective recovery approaches for these patients.

Keywords: surgery, traumatic spinal cord injury, neurological improvement, surgical
intervention, recovery rate, ASIA grade

Correspondence

Munosiya Mulemwa BSc

Department of Physiotherapy,
School of Health Sciences,
University of Zambia, Lusaka,
Zambia

Email: munosiyamulemwa@
gmail.com

Article History
Received: September 3, 2024
Accepted: September 29, 2024
Published: December 6, 2024

©Munosiya Mulemwa et al. This
is an open access article
distributed under the Creative
Commons Attribution License,
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

How to cite this article: Mulemwa M, Lupenga J, and Banda-Chalwe M. Neurological Recovery Following
Surgical Intervention in Patients with Traumatic Spinal Cord Injury at the University Teaching Hospital in
Zambia. J Spine Pract 2024;4(1):1–12. DOI: https://doi.org/10.18502/jsp.v4i1.17060

mailto:munosiyamulemwa@gmail.com
mailto:munosiyamulemwa@gmail.com


2 Munosiya Mulemwa et al.

1. Introduction

Traumatic spinal cord injuries (TSCI) have the
potential to cause severe morbidity and permanent
disability. Spinal cord injuries (SCI) are characterised
by disruption of axons, nerve cell projections that
transmit signals, resulting in impaired signalling
between the brain and body below the level of
injury, causing loss of motor and sensory function
[1,2]. The two leading causes of SCI are falls and
road traffic injuries [3,4]. In 2019, an estimated 20.6
million people worldwide were living with SCI [4].
This number highlights the widespread nature of
the condition and the significant number of people
affected. In addition, the annual incidence of SCI
was approximately 0.9 million cases, indicating the
continued occurrence of new injuries each year [3,4].

Although survival rates have improved, many
peoplewho survive SCI still suffer long-termdisability
and functional impairment [5]. SCI is responsible for
an estimated 6.2 million years lived with disability
(YLDs) [4]. This emphasizes the profound and
long-lasting impact of this condition on individuals’
lives. To alleviate the devastating effects of TSCI,
surgery plays a crucial role in managing TSCI by
preventing further neurological deterioration through
decompression and reducing immobility-related
complications through stabilization [6]. Studies
examining surgical interventions for spinal cord
injury suggest that timely and appropriate surgical
treatment improves neurological recovery and
functional outcomes in patients with complete and
incomplete spinal cord injury [7,8]. A meta-analysis
of 15 studies revealed that patients with complete
cervical traumatic SCI experienced more frequent
improvement after early surgery than late surgery,
with 22.6% improvement after early surgery and
10.4% after late surgery, while those with incomplete
cervical TSCI experienced similar improvement
between early (30.4%) and late surgery (32.5%)
[9]. Furthermore, studies suggest that neurological

recovery after TSCI is significantly associated with
various factors, including injury factors such as
severity, level, and mechanism of injury [10,11],
socio-demographic factors such as age [11,12], and
the timing of surgery [13,14].

Although timely surgical interventions improve
neurological recovery and overall outcomes, there is
a significant disparity in the timing and availability of
surgical intervention between high-income countries
and low- and middle-income countries (LMICs)
due to differences in healthcare resources and
infrastructure between these settings. High-income
countries tend tohavepatients undergo surgery earlier
[15]. Delayed surgical interventions in LMICs can
have profound implications for patient recovery and
long-termoutcomes.Therefore, studying neurological
improvement in this setting is crucial to understanding
improvement rates after surgery. As such, this
study was conducted in an LMIC to investigate the
neurological improvement of patients undergoing
surgery for TSCI at the University Teaching Hospital
in Lusaka, Zambia.

2. Methods

2.1. Study Design

A retrospective study designwas used to investigate
neurological improvement following surgical
intervention in patientswithTSCIwhoweremanaged
at UTH between January 2018 and December 2022.

2.2. Study Site and Study
Participants

This study was conducted at the orthopaedics unit
of UTH. The hospital is located within the capital
of Lusaka, and it is the biggest and main referral
hospital in the country, offering health services at
the tertiary level. The study analysed records of
patients with TSCI managed surgically at UTH
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between January 2018 and December 2022. The
study included all records of patients with TSCI
who had complete pre-operation and post-operation
neurological examinations according to the American
Spinal Injury Association (ASIA) neurological
grading (A – D). Exclusion criteria included patients
with TSCI who had missing information on the
checklist or those with a concomitant brain injury.
A total of 96 files met the inclusion criteria and were
included in the study.

2.3. Data Collection

Data were collected from the patient records
of the orthopaedics unit. The medical records
of all patients with SCI from 2018 to 2022 were
reviewed to identify the patients who suffered from
TSCI and underwent surgical intervention. Data
extracted included demographic data, clinical data,
surgical data, and pre-operative and discharge ASIA
grading. Data were collected using a checklist based
on the reviewed literature on factors associated
with neurological recovery. The outcome variable
was a neurological improvement, measured by an
improvement of one ormore ASIA grades, comparing
the change in ASIA grade before surgery with
that at discharge. Independent variables collected
from the files included age, sex, preoperative ASIA
classification, level of injury, type of injury, cause of
injury, type of surgery, indications for surgery, and
days to surgery. Self-checks were conducted during
the data collection process to monitor how the data
was documented and ensure its completeness and
accuracy.

2.4. Data Analysis

Data were analysed using the STATA version
17.0 software. Descriptive statistics were used to
summarise anddescribe all participant characteristics.
Categorical variables were summarised as percentages

and frequencies. Continuous variables were
summarised using medians and interquartile ranges
because the data did not meet the assumption of
normality. The neurological recovery variable was
divided into binary categories, where neurological
improvement meant an improvement of one ASIA
grade or more. In contrast, no improvement meant
no change in ASIA grade after surgery. Wilcoxon
rank-sum test, Fishers’ Exact and Chi-Square test
were used to test the association between variables.

In addition, univariate and multivariable logistic
regression analysis was performed to assess the
association between potential predictors and
neurological recovery and reported odds ratios (ORs)
with 95% confidence intervals (95% CIs). Because the
sample size was small, the final multivariable model
was built by including all variables with p value < 0.05
in the univariate analysis. The Hosmer-Lemeshow
test was used to assess the goodness of fit of the
final models. The level of statistical Significance was
assumed at p value < 0.05 level.

2.5. Ethical Issues

All procedures were performed under the
Declaration of Helsinki, relevant legislation, and
institutional guidelines and were approved by
ERES Converge IRB (REF: No. 2023-July-004).
Confidentiality was maintained by not extracting
patient personal information or identifiers from
hospital record files.

3. Results

3.1. Demographic, Clinical and
Surgical Characteristics

From 150 medical records identified between 2018
and 2022, 47 patients were excluded due to missing
information and seven due to a preoperative ASIA
grade of E. The study included 96 patients who
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underwent surgery between 2018 and 2022.Themean
age for the participants was 35.3 ± 13.6 years, and
most were males, 77 (80.2%). The main causes of
injury were road traffic crashes 42 (43.8%), falls 32
(33.3%), and blunt trauma 20 (20.8%). Concerning
the level of injury, 40 (41.6%) of the participants had
sustained cervical injuries, 20 (20.8%) had sustained
thoracic injuries, and 36 (37.5%) had sustained lumbar
injuries. Most of the study participants had complete

injuries, 49 (51.1%), and the majority were under
ASIA grade A 49 (51.1%) before the operation. The
median time to surgical intervention was 27 days (15
- 47.5 days). Most surgical procedures were posterior
spinal procedures 55 (57.3%), followed by anterior
spinal procedures 28 (29.2%) and decompression
procedures 12 (12.5%). The common indications for
surgery were fractures and dislocations 77 (80.2%)
(Table 1).

Table 1.Demographic, clinical and surgical characteristics of patients with TSCI at UTH from 2018 - 2022.

Demographics Frequency Percentage

Mean age ± standard deviation 35.3±13.6

Sex

Female 19 19.8

Male 77 80.2

Total 96 100.0

Cause of injury

Assault 2 2.1

Fall 32 33.3

Motor vehicle accident 42 43.8

Blunt trauma 20 20.8

Total 96 100.0

Level of injury

Cervical 40 41.7

Thoracic 20 20.8

Lumbar 36 37.5

Total 96 100.0

Type of injury

Complete 49 51.0

Incomplete 47 49.0

Total 96 100.0

Pre-operation ASIA grade

A 49 51.0

B 17 17.7

C 14 14.6

D 16 16.7

Total 96 100.0
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Table 1. Continued.

Demographics Frequency Percentage

Median days to surgical intervention (IQR) 27.5 (15-47.5)

Type of surgery done

Anterior spinal procedures 28 29.2

Decompression procedures 12 12.5

Posterior spinal procedures 55 57.3

Laminoplasty 1 1.0

Total 96 100.0

Indications for surgery

Compression 19 19.8

Fractures and dislocations 77 80.2

Total 96 100.0

IQR = interquartile range

Table 2 shows that the distribution of injury levels
(cervical, lumbar, thoracic) varies significantly across
different ASIA score categories (p = 0.028). Thoracic
injuries had a higher proportion of patients (51.0%)

with themost severe injuries (ASIAgradeA).Cervical
injuries had a higher proportion of ASIA grade B and
C categories. For ASIA grade D, the distribution was
more even between cervical and lumbar injuries.

Table 2. Preoperative ASIA grade stratified by level of injuries among patients with TSCI at UTH from 2018 - 2022.

Preoperative ASIA score Cervical Lumbar Thoracic Total Fishers’ Exact

A 16 (32.6) 8 (16.3) 25 (51.0) 49 (100) p = 0.028

B 9 (52.9) 2 (11.8) 6 (35.3) 17 (100)

C 9 (64.3) 4 (28.6) 1 (7.1) 14 (100)

D 6 (37.5) 6 (37.5) 4 (25.0) 16 (100)

3.2. Neurological Improvement

Of the 96patients, 44 (45.8%) showed improvement
in neurological function after surgery (Table 3), of
which 38 (39.6%) improved by one grade, 4 (4.2%) by
two grades, and 2 (2.2%) by three grades (Figure 1).

3.3. Neurological Improvement by
Demographic, Clinical and Surgical
Factors

Median age was significantly higher in patients
who improved (40.5 [26 – 48.5] years) compared to

those who did not improve (32 [22 – 38] years) (p =
0.0133). Patients with thoracic injuries (25.0%) had a
lower rate of improvement than patients with cervical
(55.0%) or lumbar injuries (65.0%) (p = 0.005).
Patients with incomplete injuries had a significantly
higher rate of improvement compared to those with
complete injuries (78.7% vs 14.3%) (p <0.001). In
addition, patients with less severe spinal cord injuries,
as indicated by lower ASIA scores, showed higher
improvement in neurological function compared to
those with more severe injuries (p <0.001). Factors
such as sex, cause of injury, days before surgery, type
of surgery, and indications for surgery did not show
significant associations with neurological recovery
(Table 3).
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Figure 1. Extent of neurological improvement among patients with TSCI at UTH from 2018 - 2022.

Table 3.Neurological improvement after surgery stratified by demographic, clinical and surgical factors.

Neurological functional recovery

Variables No improvement Improved Total p-value

Prevalence of recovery 52 (54.2%) 44 (45.8%) 96 (100%)

Median Age in Years (IQR) 32 (22 – 38) 40.5 (26 – 48.5) 0.0133a

Sex

Female 11 (57.9%) 8 (42.1%) 19 (100%) 0.716b

Male 41 (53.2%) 36 (46.8%) 77 (100%)

Cause of injury

Assault 3 (100%) 0 (0%) 3 (100%) 0.563b

Fall 18 (56.3%) 14 (43.8%) 32 (100%)

Motor vehicle accident 21 (50.0%) 21 (50.0%) 42 (100%)

Blunt trauma 11 (55.0%) 9 (45.0%) 20 (100%)

Level of injury

Cervical 18 (45.0%) 22 (55.0%) 40 (100%) 0.005b

Thoracic 27 (75.0%) 9 (25.0%) 36 (100%)

Lumbar 7 (35.0%) 13 (65.0%) 36 (100%)

Type of injury

Complete 42 (85.7%) 7 (14.3%) 49 (100%) <0.001b

Incomplete 10 (21.3%) 37 (78.7%) 47 (100%)

Pre-operation ASIA grade

A 42 (85.7%) 7 (14.3%) 49 (100%) <0.001b

B 6 (35.3%) 11 (64.7%) 17 (100%)

C 2 (14.3%) 12 (85.7%) 14 (100%)

D 2 (12.5%) 14 (87.5%) 16 (100%)

Median time to surgical intervention (IQR) 32 (16.5 – 65) 23.5 (12.5 – 44.5) 0.251a

Type of surgery

Anterior spinal procedures 14 (50.0%) 14 (50.0%) 28 (100%) 0.189b

Decompression procedures 4 (33.3%) 8 (66.7%) 12 (100%)

Posterior spinal procedures 34 (61.8%) 21 (38.18%) 55 (100%)

Laminoplasty 0 (0%) 1 (100%) 1 (100%)
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Table 3. Continued.

Neurological functional recovery

Variables No improvement Improved Total p-value

Indications for surgery

Compression 7 (36.8%) 12 (63.2%) 19 (100%) 0.091b

Fractures and dislocations 45 (58.4%) 32 (41.6%) 77 (100%)

IQR = interquartile range
a =Wilcoxon rank-sum test
b = Chi-Square test

3.4. Factors Associated with
Neurological Improvement

In the univariate model, neurological improvement
was associated with thoracic level of injury,
incomplete injuries and age (p < 0.05). In the
multivariable regression model, patients with

thoracic injuries were 0.21 times less likely to improve
neurologically after surgery than those with lumbar
injuries (aOR 0.21; 95% CI: 0.04 – 0.95, p = 0.043).
Furthermore, patients with incomplete injuries were
18.58 times more likely to experience neurological
improvement than those with complete injuries (aOR
18.58; 95% CI: 6.11 – 56.51, p = < 0.001) (Table 4).

Table 4. Analysis of factors associated with neurological improvement after surgery on patients with TSCI at UTH.

Variables cOR (95% CI) P value aOR (95% CI) P value
Age 1.03 (1.00 – 1.07) 0.016* 1.02 (0.98 – 1.07) 0.307

Sex
Female Ref

Male 1.21 (0.44- 3.33) 0.716

Cause of injury
Blunt trauma Ref

Fall 0.95 (0.31- 2.93) 0.930

Motor vehicle accident 1.22 (0.42- 3.56) 0.713

Level of injury
Lumbar Ref Ref

Cervical 0.66 (0.22 – 2.00) 0.460 0.41 (0.09 – 1.86) 0.250

Thoracic 0.18 (0.05 – 0.59) 0.005* 0.21 (0.04 – 0.95) 0.043*

Type of injury
Complete Ref Ref

Incomplete 22.2 (7.67-64.22) <0.001* 18.58 (6.11 – 56.51) <0.001*
Period from injury to surgery 1.00 (0.99 – 1.01) 0.550

Type of surgery done
Anterior spinal procedures Ref

Decompression procedures 2 (0.49- 8.20) 0.335

Posterior spinal procedures 0.62 (0.25- 1.55) 0.304

Indications for surgery
Compression Ref

Fractures and dislocations 0.41 (0.15- 1.17) 0.096

cOR = Crude Odds Ratio
aOR = Adjusted Odds Ratio
CI = Confidence Level
* Significant at p < 0.05
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4. Discussion

This study evaluated neurological improvement
after surgery in patients with TSCI. Neurological
improvement of at least one grade or more was
observed in 45.8% of patients. Older age, less
severe spinal cord injuries, and incomplete injuries
showed greater neurological improvement, while
thoracic injuries had a lower rate of improvement.
Thoracic injuries were associated with a lower risk of
neurological improvement, whereas incomplete
injuries were associated with a higher risk of
neurological improvement.

The study showed that road traffic crashes and
falls significantly contributed to TSCI. This finding
is supported by literature reporting that road traffic
accidents and falls are the two main causes of SCI
[3,4,16]. Focusing on preventing falls and traffic
accidents could play a significant role in reducing the
incidence and burden of TSCI. Evenmoreworrying is
the high number of patients with complete spinal cord
injury, which is comparable to a previous study [16].
This raises concerns for patients’ well-being and their
quality of life, as complete injuries are associated with
poor neurological recovery [11].Therefore, the causes
of TSCI need to be addressed to reduce the burden of
TSCI.

In this study, 45.8% showed neurological
improvement after surgery, with most showing a one-
grade improvement. A similar rate of neurological
improvement after surgery has been reported in
previous studies from Pakistan (45%) [16], and Korea
(46.5%) [17]. In contrast, significantly lower rates
were reported in studies from Togo (15.3%) [18] and
Tanzania (17%) [19]. The reasons for the differences
in rates between studies are unknown but could be
due to methodological differences and the extent
of injuries. Additionally, most of the improvement
occurred by one grade, confirming previous results
[16]. Most patients showed no improvement or only
one-grade improvement, probably due to the shorter

follow-up (preoperative to discharge). A systematic
review and meta-analysis suggested that shorter
follow-up periods had significantly lower recovery
rates for spinal cord injuries compared to long-term
follow-up [10].With this in mind, there is a possibility
that the rate of improvement could improve over
time.

Factors associated with improved neurological
recovery included the level and type of injury. Less
severe spinal cord injuries (ASIA grade D) showed
greater neurological improvement compared to
patients with more severe injuries (ASIA grade
A), which supports previous studies [12,17]. In
addition, the rate of neurological improvement varied
depending on the type of injury, with the rate being
higher for incomplete injuries than for complete
injuries, supporting findings from previous studies
[17]. Supporting existing literature, the study revealed
that incomplete spinal cord injuries are more likely to
experience neurological improvement than complete
injuries [11]. This highlights the need for targeted
research to optimize recovery from complete injuries.

Patients with lumbar injuries showed the highest
improvement in ASIA grade, while thoracic injuries
had a lower rate of improvement. In addition, thoracic
injuries were less likely to improve neurologically
after surgery than those with lumbar injuries. In a
similar study, lumbar spine injuries were associated
with a higher likelihood of neurological improvement
than cervical spine injuries [17]. These findings align
with existing literature indicating that the level of
injury is a key predictor of recovery in TSCI [9–11].
[10] reported that recovery rates typically follow this
pattern: lumbar injuries have the highest recovery
rates, followed by cervical and thoracolumbar
injuries, with thoracic injuries having the lowest
recovery rates. Some authors attribute the low rate
of recovery in thoracic spinal cord injuries to the
reduced collateral vascular supply to the thoracic cord
and the narrowness of the spinal canal compared with
the cervical and lumbar regions [11]. Our findings
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could also provide insight into the poor recovery seen
in patients with thoracic spinal cord injuries. The
study revealed that thoracic injuries were associated
with the most severe injury classification, ASIA
grade A, which is known to be associated with poor
neurological improvement. The poor neurological
improvement associated with thoracic injuries could
also indicate that traumatic impacts in the thoracic
region tend to result inmore severe injuries compared
to the other spinal regions. However, further research
is needed to learn more about the poor recovery and
severe injuries associated with thoracic injuries.

Although age was significantly higher in patients
who improved compared to those who did not,
age was not found to be a significant predictor
of neurological improvement after surgery. This
confirms previous studies in which age was not
a predictor of neurological improvement [16,19].
However, these results are in contrast to a previous
study that showed greater neurological improvement
was associated with younger age [12]. The difference
in results can be attributed to several factors. Our
study generally had younger participants (mean age
35.3±13.6 years) compared to the other study, whose
mean age was 57.8±21.3 years, and also, the other
study had a longer follow-up period than this study.

It has been suggested that early surgery is
associated with better neurological improvement
than late surgery [14,20]. However, no association
was observed in this study, probably because most
surgeries were performed late. The median time
to surgery of 27 days suggests a relatively delayed
surgical procedure and highlights the need to critically
evaluate current practices and find ways to shorten
the time to surgery. Reducing the time to surgery is
critical considering that the literature suggests that
early surgical intervention is an important factor in
improving neurological recovery in patients with
TSCI [13,14]. A similar median time to surgery (22
- 23 days) was reported in studies from Tanzania
[19,21], but also a shorter average time to surgery of

3.6 ± 1.8 days was reported in Pakistan [16]. Some
modifiable factors that contribute to delayed surgery
include the time to transfer from the site of injury to
the spinal cord injury ward, the time from medical
assessment to completion of the surgical plan, and the
time from completion of the surgical plan until the
start of operations [22]. Difficulty accessing surgical
implants and delays in transporting the patient to
the referral hospital for surgery have also been cited
as factors [23]. However, further studies are needed
to better understand the factors contributing to the
delays and to find ways to prevent them.

The study had limitations: Since the study was
retrospective, some files may have been missing,
which would have affected the number of patients
with TSCI who underwent surgery. The sample size
was small as the study was limited to five years due to
difficulty identifying files before 2018. Furthermore,
neurological evaluations were performed only
using ASIA scores at discharge; hence, longer
follow-up periods could report higher recovery
rates. The study did not capture information about
postoperative complications, which could also
influence neurological improvement.

5. Conclusion

The study analysed neurological improvement
in patients with traumatic spinal cord injuries.
Neurological improvement was observed in 45.8% of
the patients with TSCI, with the majority improving
by one grade. Patients with less severe and incomplete
injuries showed better improvement. The study
revealed that thoracic injuries were associated
with severe injury classifications, which are known
for poor recovery. Further investigation into the
specific structural features and injury mechanisms
contributing to poor neurological improvement in
thoracic injuries and the identification of effective
recovery strategies for these patients. In addition,
the delay in performing surgical procedures needs to
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be investigated and addressed to maximise patient
recovery, as early surgery is associated with better
recovery than delayed one.
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