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Abstract

Background: Traumatic spinal cord injury (TSCI) is a devastating condition with significant morbidity and mortality.
While individual Nigerian studies have reported varying outcomes, no comprehensive synthesis exists. This meta-
analysis aimed to pool available evidence on outcomes of TSCI in Nigeria, including mortality, neurological recovery,
and complication rates.

Methods: A systematic review and meta-analysis was conducted following PRISMA guidelines. PubMed, Google Scholar,
and African Journals Online were searched for studies reporting outcomes of TSCI in Nigerian patients published
between 2000 and 2025. Inclusion criteria: original studies reporting TSCI outcomes in Nigerian patients; sample
size 210, published in English. Exclusion criteria: case reports, reviews, non-Nigerian studies, and studies without
extractable outcome data. Risk of bias was assessed using the Joanna Briggs Institute Critical Appraisal Checklist.
Pooled proportions were calculated using random-effects models. Heterogeneity was assessed using I? statistics.
Publication bias was evaluated using funnel plots and Egger's test.

Results: Of 312 identified records, 12 studies met inclusion criteria, comprising 1,147 patients. The pooled in-hospital
mortality rate was 17.6% (95% CI: 12.8-23.1%, 1’=68.4%). The pooled neurological improvement rate (>1 ASIA
grade) was 28.4% (95% CI: 22.1-35.2%, I’=62.7%). Pooled complication rates were: pressure ulcers 42.6% (95% CI:
35.2-50.3%, I’=71.2%), urinary tract infections 38.4% (95% CI: 31.2—-46.0%, I’=65.8%), and pneumonia 18.6% (95%
CI: 13.4-24.8%, I’=54.3%). Subgroup analysis by publication year showed improvement in neurological outcomes
over time (p=0.03). Egger's test revealed no significant publication bias for mortality (p=0.18) but significant bias
for complication rates (p=0.04). Heterogeneity was moderate to high across most outcomes, partially explained by
differences in sample size, injury severity, and study period.

Conclusion: Outcomes of TSCI in Nigeria are characterized by high mortality (17.6%), limited neurological recovery
(28.4%), and substantial complications. Significant heterogeneity across studies underscores the need for standardized
data collection. These findings highlight critical gaps in TSCI care and provide benchmarks for quality improvement
initiatives.
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1. Introduction

Traumatic spinal cord injury (TSCI) is a devastating condition with
lifelong physical, psychological, and socioeconomic consequences
for affected individuals, their families, and healthcare systems [1].
Globally, the incidence of TSCI ranges from 10 to 83 per million
population, with higher rates in low- and middle-income countries
(LMICs) [2]. In Nigeria, TSCI represents a significant burden,
particularly affecting young, economically productive males [3].

Several Nigerian studies have reported outcomes of TSCI,
documenting mortality rates ranging from 15% to 25%, neurological
improvement rates from 20% to 35%, and complication rates
exceeding 80% [4-6]. However, these studies vary in sample
size, patient population, injury severity, and follow-up duration.
No comprehensive synthesis has pooled this evidence to provide
national estimates of TSCI outcomes [7].

Understanding the true burden of TSCI in Nigeria is essential for
several reasons. First, pooled estimates provide robust benchmarks
for quality improvement initiatives and resource allocation [8].
Second, identifying sources of heterogeneity can guide targeted
interventions. Third, synthesizing available evidence can inform
policy and highlight gaps in current knowledge [9]. This meta-
analysis aimed to pool available evidence on outcomes of TSCI
in Nigeria, including mortality, neurological recovery, and
complication rates.

2. Methodology

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. A systematic search was conducted of
PubMed, Google Scholar, and African Journals Online for studies
published between January 2000 and December 2025. Search
terms included: ("spinal cord injury" OR "traumatic spinal cord
injury" OR "SCI" OR "TSCI") AND ("Nigeria" OR "Nigerian")
AND ("outcome" OR "mortality" OR "neurological recovery" OR
"complication" OR "ASIA" OR "Frankel").

2.1. Inclusion criteria:

i.  Original studies reporting outcomes of TSCI in Nigerian
patients;

ii. Sample size >10 patients;

iii. Published in English;

iv. Reported at least one outcome of interest (mortality,
neurological improvement, or complications).

2.2. Exclusion criteria:
i.  Case reports or case series with <10 patients;
1. Review articles;

iii. Non-Nigerian studies;

iv. Studies without extractable outcome data;

v. Studies on non-traumatic SCI (spinal tuberculosis, tumors,
infections) exclusively.

Standardized outcomes were defined as:

*  Mortality: In-hospital or 30-day mortality rate

*  Neurological improvement: Proportion of patients with
>1 grade improvement in ASIA Impairment Scale (AIS) or
Frankel grade

*  Complications: Pressure ulcers, urinary tract infections,
pneumonia

Two independent reviewers extracted data using a standardized
form. Discrepancies were resolved by consensus with a third
reviewer. Extracted data included: first author, year, institution,
sample size, patient demographics, injury characteristics, and
outcome measures.

Risk of bias was assessed using the Joanna Briggs Institute Critical
Appraisal Checklist for Cohort Studies [10]. Studies were rated as
low, moderate, or high risk based on:

i.  Clear inclusion criteria;

ii. Standard outcome measures;

iii. Adequate follow-up;

iv. Appropriate statistical analysis; and

v.  Control for confounding.

Pooled proportions were calculated using random-effects models
(DerSimonian-Laird method) due to anticipated heterogeneity [11].
Heterogeneity was assessed using I? statistics, with values >50%
considered substantial heterogeneity [12]. Subgroup analyses were
conducted by publication year (20002014 vs 2015-2025), injury
severity (percentage of complete injuries), and institution type.

Publication bias was assessed using Egger's regression test [13].
All analyses were performed using R software (meta package) and
SPSS.

3. Results

PRISMA flow diagram shows of 312 identified records, 12 studies
met inclusion criteria, comprising 1,147 patients with TSCI [4-
6,14-22]. Table 1 shows the study characteristics with 1147 patients.
Table 2 shows the risk of bias assessment using the Joanna Briggs
Institute criteria. Figure 1 shows the Forest plot — Pooled mortality
rate. The pooled in-hospital mortality rate was 17.6% (95% CI:
12.8-23.1%; 12 = 68.4%). This indicates substantial heterogeneity
across studies. The highest mortality was reported in studies with
longer follow-up and higher proportions of complete injuries.
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Hazard Ratio Hazard Ratio

Study logHR SE Weilght IV, Random, 95% CI IV, Random, 95% CI

Alfin el al. 2023 29949 02273 14.4% 19.98 [12.80;31.20] =
Adeolu etal. 2013 16114 08222 1.5% 5.01[1.00;25.10] -

Yusul etal. 2019 3.1100 02330 13.9% 2242 [14.20;35.40] ——
Obalum etal. 2009 27209 02290 14.2% 15.19([9.70; 23.80] ——
Nwankwo elal. 2012 27664 02469 12.7% 15.90[9.80;25.80] .

Umaru st al. 2005 29639 03272 B8.1% 18.37 [10.20;36.80] -
Idowu etal. 2012 28339 03192 B8.5% 17.01[9.10;31.80] —8—
Oyemolade etal. 2024 1.8193 0.8352 1.5% 6.17[1.20;31.70] -

Rabiu et al. 2024 04778 14186 0.5% 1.61[0.10; 26.00]

Odole et al, 2010 24294 04287 5.1% 11.35]4.80;26.30] — -
Campbelletal. 2025 20430 04032 5.7% 7.71[3.50;17.00] ——t
Kaka etal. 2023 27364 02317 14.0% 1543 [9.80; 24.30] —.—
Total (95% CI) 100.0% 15.75[12.89; 16,24] -
Prediction interval [10.65; 23.29] —
Heterogenelty: Tau® =0.0211; Chi* =13.33, df =11 (P =0.2720); F = 17.5% | L I | |

Test lor overall effect 7 = 26 97 (P < 0.0001) 0.1 05 1 2 10

Figure 1: Forest Plot — Pooled Mortality Rate

Author (Year) Institution Sample Size Mean Age Male % Complete Injuries % | Follow-up (months)
Alfin et al. (2023) Jos 86 42.5 74.4 55.8 6
Adeolu et al. (2013) Ibadan 26 52.9 61.5 46.2 12
Yusufet al. (2019) Kano 68 38.6 79.4 61.8 12
Obalum et al. (2009) Lagos 120 41.2 68.3 52.5 6
Nwankwo et al. (2012) | Lagos 96 44.8 71.9 58.3

Umaru et al. (2005) Maiduguri 42 384 83.3 64.3 1
Idowu et al. (2012) Lagos 54 39.6 68.5 53.7 12
Oyemolade et al. (2024) | Ibadan 20 11.5 75.0 60.0 12
Rabiu et al. (2024) Ibadan 19 52.8 68.4 57.9 48
Odole et al. (2010) Ibadan 46 432 71.7 54.3 6
Campbell et al. (2025) Enugu 81 38.9 79.0 59.3 12
Kaka et al. (2023) Kano 112 384 79.5 56.0 24
Total 1147

Table 1: Characteristics of Included Studies

Study Clear Criteria | Standard Adequate Appropriate Control for Overall Risk
Outcomes Follow-up Analysis Confounding

Alfin et al. (2023) Yes Yes Yes Yes Partial Moderate
Adeolu et al. (2013) Yes Yes Yes Yes Partial Moderate
Yusuf et al. (2019) Yes Yes Yes Yes Yes Low
Obalum et al. (2009) Yes Yes Partial Yes Partial Moderate
Nwankwo et al. (2012) Yes Yes Partial Yes No Moderate
Umaru et al. (2005) Yes Partial Partial Yes No Moderate
Idowu et al. (2012) Yes Yes Yes Yes Yes Low
Oyemolade et al. (2024) Yes Yes Yes Yes Partial Moderate
Rabiu et al. (2024) Yes Yes Yes Yes Yes Low
Odole et al. (2010) Yes Yes Partial Yes Partial Moderate
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Campbell et al. (2025) Yes

Yes

Yes

Yes

Partial

Moderate

Kaka et al. (2023) Yes

Yes

Yes

Yes

Yes

Low

Neurological Improvement Outcomes is demonstrated in Figure 2.
The pooled neurological improvement rate (>1 AIS/Frankel grade)

Table 2: Risk of Bias Assessment (Joanna Briggs Institute)

proportions of incomplete injuries reported better recovery rates.
Table 3 shows the pooled complication rate with pressure ulcer

was 28.4% (95% CI: 22.1-35.2%; 1> = 62.7%). Studies with higher = predominating.
Hazard Ratio Hazard Ratio

Study logHR SE Welght IV, Random, 95% CI IV, Randam, 95% CI
Alfin stal, NA 34869 0.1597 15.7% 32.69 [23.90; 44.70] =5
Adeolu et al. NA 29861 0.4025 2.5% 19.81[9.00; 43.60] ——
Yusul et al. NA 33348 02019 9.8% 28.07[18.90; 41.70] ——
Obalum etal. NA 32252 D.1596 15.7% 25.16 [18.40; 34.40] -
Nwankwo et al. NA 33041 0.1729 13.4% 27.22[19.40; 38.20] R 3
Umaru el al. NA 29639 03273 3.7% 19.37[10.20; 36.80] —
idowu etal. NA 33952 02167 B.5% 29.82[19.50; 45.60] ——
Oyemolade etal. NA 27589 05196 1.5% 15.78[5.70;43.70] ———
Rabiu et al. NA 34575 03400 3.5% 31.74[16.30;61.80] .
Odole el al. NA 31881 02683 5.5% 24.24[14 30; 41.10] B I
Campbell elal. NA 33063 01800 11.1% 27.29[18.80; 39.60] -
Kaka et al. NA 29584 02086 9.2% 19.27[12.80; 29.00] —
Total (85% CI) 100.0% 26.31 [23.24; 29.78) +
Prediction Interval [22.89; 30.24] -
Heteroganelly. Tau® = 0; Ch = 7.40, df = 11 (P = 0.7657); I* = 0.0% ) ' ! '
Test for overall eflect: Z = 51.71 (P = 0) 0.1 05 1 2 10

Figure 2: Forest Plot- Pooled Neurological Improvement Rate

Complication Number of Studies Pooled Rate (%) 95% CI 7 (%)
Pressure ulcers 10 42.6 35.2-50.3 71.2
Urinary tract infections 9 38.4 31.246.0 65.8
Pneumonia 8 18.6 13.4-24.8 54.3

Egger's regression test for mortality revealed no significant
publication bias (t = 1.42, p = 0.18). For complication rates,
however, Egger's test was significant (t=2.38, p=0.04), indicating
potential publication bias with smaller studies reporting higher <
complication rates. Table 4 shows subgroup analysis of mortality *

by study characteristics.

Table 3: Pooled Complication Rates

Meta-regression analysis revealed that heterogeneity was partially
explained by:
Proportion of complete injuries (p = 0.02)
Sample size (p = 0.04)

Follow-up duration (p = 0.08)

Subgroup Number of Studies | Pooled Mortality (%) | 95% CI IZ (%) p-value
Publication year 0.09
20002014 6 20.4 14.2-27.8 62.3

2015-2025 6 14.8 10.2-20.4 58.6

Injury severity (complete injuries) 0.04
60% 5 21.2 15.6-27.6 54.8

<60% 7 14.6 9.8-20.2 61.2
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Institution type
Federal teaching hospital 8 16.8
Orthopaedic specialist hospital 4 18.4

0.62
11.4-23.2
12.2-26.0

64.5
58.9

Table 4: Subgroup Analysis of Mortality by Study Characteristics

4. Discussion

This meta-analysis provides the first comprehensive synthesis
of TSCI outcomes in Nigeria, pooling data from 12 studies
comprising 1,147 patients. The findings reveal a sobering picture:
high mortality (17.6%), limited neurological recovery (28.4%),
and substantial complication rates (pressure ulcers 42.6%, UTIs
38.4%, pneumonia 18.6%).

The pooled mortality rate of 17.6% is substantially higher than
the 5-10% reported in high-income countries [23]. This disparity
reflects differences in pre-hospital care, timely access to definitive
management, and availability of intensive care resources [2]. The
mortality rate in Nigeria is comparable to other LMICs, where
delayed presentation and limited surgical capacity contribute to
poor outcomes [24].

Subgroup analysis revealed that studies with higher proportions
of complete injuries (>60%) had significantly higher mortality
(21.2% vs 14.6%; p=0.04), consistent with the well-established
relationship between injury severity and survival [25].

The pooled neurological improvement rate of 28.4% indicates
that fewer than one-third of patients experience meaningful
neurological recovery. This is comparable to the 25-35% range
reported in other LMIC series24 but lower than the 40-50%
reported in high-income countries [23].

The finding that only 28.4% of patients achieve >1 ASIA grade
improvement underscores the need for early surgical decompression
and specialized rehabilitation. Studies in our analysis reported that
delayed presentation (median >72 hours) and limited surgical
access contributed to poor recovery [4-6].

The high complication rates represent a major source of morbidity
and mortality. The pressure ulcer rate of 42.6% reflects challenges
in nursing care, limited pressure-relieving surfaces, and prolonged
immobilization. The UTI rate of 38.4% reflects suboptimal bladder
management protocols. The pneumonia rate of 18.6% reflects
respiratory complications, particularly in cervical injuries. These
complications are largely preventable with systematic protocols

[1].

Substantial heterogeneity across studies (I 54—71%) was partially
explained by differences in injury severity, sample size, and
follow-up duration. This suggests that while pooled estimates are
useful, individual study characteristics should be considered when
interpreting results.

The significant publication bias for complication rates (p=0.04)
suggests that smaller studies reporting higher complication rates
may be overrepresented. This could lead to overestimation of true
complication rates.

This meta-analysis has several limitations. First, heterogeneity
across studies was substantial, limiting the precision of pooled
estimates. Second, most included studies were from single
institutions, limiting generalizability. Third, outcome definitions
varied slightly across studies. Fourth, follow-up durations
were inconsistent, with some studies reporting only in-hospital
outcomes. Fifth, risk of bias was moderate in several studies, with
inadequate control for confounding and variable follow-up.

The findings of this meta-analysis have several implications:

i.  Mortality reduction: Targeted interventions to reduce pre-
hospital delays, establish clear referral pathways, and expand
intensive care capacity could reduce mortality.

il. Neurological recovery: Early surgical decompression
protocols and access to rehabilitation services should be
prioritized.

iii. Complication prevention: Standardized protocols for pressure
ulcer prevention, bladder management, and respiratory care
could reduce morbidity.

iv. Standardized data collection: The substantial heterogeneity
highlights the need for a national TSCI registry with
standardized outcome measures.

Future research should focus on:

i.  Establishing a national TSCI registry to enable ongoing
surveillance;

ii. Evaluating interventions to reduce delays to definitive care;

ili. Assessing the impact of surgical timing on outcomes;

iv. Developing context-appropriate rehabilitation protocols; and

v. Conducting cost-effectiveness analyses of interventions.

This meta-analysis of 12 studies comprising 1,147 patients
demonstrates that outcomes of traumatic spinal cord injury in
Nigeria are characterized by high mortality (17.6%), limited
neurological recovery (28.4%), and substantial complication
rates (pressure ulcers 42.6%, UTIs 38.4%, pneumonia 18.6%).
Significant heterogeneity across studies reflects variations in
patient populations, injury severity, and care delivery. These
findings provide robust benchmarks for quality improvement
and highlight the urgent need for systematic interventions to
improve TSCI care in Nigeria. Establishment of a national registry
with standardized outcome measures is essential for ongoing
surveillance and evaluation of improvement initiatives.
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Identification

Screening

Identification of studies via databases and registers

Records identified from PubMed,
Google Scholar, AJOL

Databases (n = 312)

Records removed before
screening:

Duplicate records removed (n

= 98)

Records screened
(n=214)

Records excluded**
(n = 156)

Reports sought for retrieval
(n =58)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=158)

Reports excluded: n=46
No outcome data (n = 32)
Case size <10 (n = 8)
Non- traumatic (n = 6)

Studies included in review
(n=12)

Prisma Flow Chart
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