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Abstract
Frequency and burden of care of spinal cord injury (SCI) is high in Nigeria. Efforts should be
channelled at identification of asymptomatic individuals at risk as a form of primary prevention
strategy. This study analysed the age-adjusted space available for the spinal cord (SAC) values to
identify age groups with critical drop in SAC values that suggest higher anatomical
predisposition to SCI. This would serve as screening tool to predict risk of trauma or degenerative
disease induced SCI from compromised CSF cushion. The study is a T1Wi MRI-based
prospective, cross-sectional study of 100 randomly selected asymptomatic adults aged 21-50
years. SAC was calculated by subtracting disc level mid-sagittal spinal cord dimension (C) from
corresponding level spinal canal dimension (S). The result revealed that the Mean-SAC for all age
groups was 4.9+0.23mm. Age adjusted SAC value varied from 5.40£0.38mm (20-25 years) to
4.61+0.77mm (41-45 years) and 3.49+0.39mm (46-50 years). At C3/4 SAC was 5.54mm (21-
25years) and 4.14(41-45years), 3.42mm (46-50years). (P=0.0001). At C4/5 SAC was 4.89mm
(21-25years), 4.31mm (41-45years) and 3.42mm (46-50years). (P=0.015). At C5/6 SAC was
4.98mm (21-25years), 4.30mm (41-45years) and 2.97mm (46-50years). (P=0.0001). At C6/7
SAC was 5.42mm (21-25years), 4.89mm (41-45years) and 3.67mm(46-50years). (P=0.001).
Pairwise comparison revealed significant drop in SAC values obtained in the 41-50 years group
across all disc levels when compared with SAC value obtained from 20-40 years.(P=0.0001).
Effect of age was mostly at C3/4 to C5/6 levels. This study has revealed that the study population
had very small space available for the cervical spinal cord when compared with other populations
and with further significant drop in SAC after 45 years of age. Small SAC values with advancing
age suggest increased risk of cervical cord injury and need to utilize the magnetic resonance
imaging derived SAC as screening strategy to assess the level of risk for spinal cord injury among

the asymptomatic high risk individuals.
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INTRODUCTION

The challenge of spinal cord injury (SCI)
management is a global problem with significant
burden on patients' quality of life and health care
system (Dryden et al. 2003; McCammon et al.
2011). The incidence, prevalence and known
predisposing factors of SClIs differ from one
region of the world to another and therefore
preventive and management strategies need to be
tailored to regional trends (Singh et al. 2014).
Reduced space available for the spinal cord
(SAC) decreases the ability of cerebrospinal
fluid (CSF) to absorb kinetic forces directed at
the spine (Nouri et al. 2017). Therefore, these
individuals are at a substantially higher risk of
traumatic SCI. Efforts should therefore be
channelled towards the early identification of
asymptomatic individuals with such a significant
risk of spinal cord injury asaresult ofa

compromised SAC as a form of primary
prevention strategy.

The frequency of cervical spinal cord
injury is particularly very high in Nigeria
(Emejuluetal. 2009) with substantial risk of high
severity, morbidity, mortality (Obalum et al.
2009) and financial burden to the families
estimated at USD 11,428, representing between
6-230% of the patient's annual income (Kawu et
al. 2011). This justifies further research
channelled towards primary preventive
measures in thisenvironment.

There is some evidence that the study
population has significant anatomical
predispositions to spinal cord injury (Ndubuisi et
al. 2017). The possibility raised in some studies
(Shingu et al. 1994) that there is age group with
relative higher risk of this anatomical
predisposition also implies that there may be
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benefit from prophylactic cervical spine MRI
screening for individuals with significant
occupational risk for SCI.

This study aims to carry out the age-
adjusted analysis of the values of SAC in order to
identify age groups with significant drop in SAC
values to suggest higher anatomical
predisposition to SCIin Nigeria.

MATERIAL AND METHODS

A prospective, MRI-based, cross-
sectional study was carried out in a tertiary
hospital in Nigeria from 2012-2014. Following
ethical approval, the study recruited 100
randomly selected asymptomatic Nigerians
between 21 years and 50 years old who
volunteered. T1IWi scan measurements were
obtained at the disc levels from C3/4 to C7/T1
and used in this study. T2Wi images were also
obtained to help in excluding any cervical spine
pathology that would not be apparent from the
T1Wi scan. The study excluded non-Nigerians,
individuals with congenital deformities that may
suggest predisposition to canal stenosis such as
spina bifida, previous cervical spine infection or
surgeries. All patients signed informed consent
before participating in the study. MRI images
were obtained with 0.35T machine using the
standard protocol. After the mid-sagittal T1Wi
was acquired, disc-level spinal canal dimension
(S) and the corresponding level spinal cord
dimension (C) were measured three times before
taking an average in millimetres. SAC was
calculated as S-C. (See figure 1).

Figure 1: Sketch illustration of the disc level mid-
sagittal spinal canal (S) and spinal cord (C)
measurements taken from the T1Wi MRI. SAC was
calculated as S-C

Data was analysed using mean, Pearson
correlation, ANOVA, pairwise comparison (least
significant difference test) and aided by the SPSS
version 17. A p-value of <0.05 was considered
significant.

RESULT

The mean SAC measured across all age
groups was 4.9+0.23mm. However, the age sub-
group analysis of SAC value for the different age
groups was summarized in Table 1.

Table 1. Age group analysis of the values of SAC

Age (years) Mean Std. Deviation Minimum Maximum (mm)
(mm) (mm)

20-25 5.40+0.38 0.75596 4.32 7.04

26 - 30 5.12+0.51 0.95650 3.90 6.96

31-35 5.32+£0.47 0.98025 3.56 7.66

36 - 40 5.16+0.39 0.76340 3.66 6.42

41 - 45 4.61+0.77 1.49855 2.68 4.92

46 - 50 3.49+0.39 0.64128 2.32 6.88

Mean SAC 4.92+0.23 1.13635

Table 2 analyzed the values of SAC at each disc values of 0.0001 (C3/4), 0.015 (C4/5) ,

levels with different age groups. This revealed a
sharp drop after the fourth decade of life, with P-

0.0001(C5/6), 0.001(C6/7) and 0.0001 (C7/T1).
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Table 2: Sub-axial cervical spine disc level values of SAC for different age ranges.

Levels Age (years)

(mm) 20-25 26-30 31-35 36-40  41-45 46-50 F P value
SAC3/4 5.54 .28 5.54 5.16 414 3.42 8.134 .0001
SAC4/5 4.89 4.95 4.76 4.52 431 3.42 2993 .015
SAC5/6 498  4.84 496  4.86 4.30 2.97 5.198 .0001
SAC6/7 542 4.86 5.28 5.33 4.89 3.67 4.754 .001
SAC7/T1 6.16  5.64 6.05 5.94 5.39 3.99 5.778 .0001

Overall pair wise comparison of the effect of age
groups on SAC using the least significance
difference revealed a hypothesis df of 25.0 with
Wilks' Lambda F=2.316 (P=0.0001). However,

at subgroup analysis, the Pairwise comparison

Table 3: Pair wise Comparisons of age groups

revealed significant difference when age group
41-50 years was compared with the 20-40 years
age group with a P-value of 0.0001 at C3/4 level,
0.015t00.001 at C4/5 level, 0.0001 at C5/6 level

and 0.001 at C6/7 level (Table 3).

Level Age pairs (years) Mean Diff. P value
31-40 .059 833
SAC3/4 2030 41-50 1.591" 000
31-40 41 -50 1531 .000
20 - 30 31-40 .268 354
SAC4/5 41 -50 1.003" .001
31 40 41 50 736 .015
20 - 30 31-40 .001 998
SAC5/6 ) 41 -50 1.202" .000
31-40 41-50 1.201° .000
31-40 -.147 597
20 -
SAC6/7 0-30 41 -50 815 .006
31 40 41 50 962 .001
20 - 30 31-40 -.080 ) 809
SAC7IT1 41 -50 1.149 .001
31 40 41 50 1.228 .000

Wilks’ Lambda F=2.316, Hypothesis df=25.0, P=0.0001
The negative correlation between age of an (P=0.0001),

individual and SAC was significantat C3/4

C4/5 (P=0.008), C5/6 (P=0.006),
and C6/7 (P=0.049). (Table 4)

An Official Publication of Enugu State University of Science & Technology
This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.

ISSN: (Print) 2315-9650 ISSN: (Online) 2502-0524

30



Ndubuisi et al: Age adjusted SAC of Nigerians
Table 4: Correlation between age and SAC at each sub-axial spine level.

Correlations

SAC3/4 SACA4/5  SAC5/6  SAC6/7  SACT/TL
Pearson 6™ 266" -7 -197" 271"
Age Correlation
Sig. (2- 000 008 006 049 006
tailed)

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

The negative correlation between age of an (P=0.0001), C4/5 (P=0.008), C5/6 (P=0.006),

individual and SAC was significantat C3/4

DISCUSSION

SAC is the CSF filled space around the

cord and is expected to provide cushion to the
cord against injuries. The SAC is a critical
cervical canal stenosis index which enables
discrimination between patients at risk for
cervical SCI and those not at risk with sensitivity
and specificity greater than 90% (Ruegg et al.
2015) In a previous study by Nduduisi et al.
(2017) asymptomatic individuals from this study
population have asmall mean SAC value unlike

and C6/7 (P=0.049). (Table 4)

many other regions of the world. Therefore, the
study population is predisposed to higher risk of
spinal cord injury by the virtue of this underlying
anatomical predisposition and this may partly
explain the high proportion of spinal cord injury
among the study population. The MRI derived
SAC may predict the level of risk of
predisposition of an individual to post-traumatic
and degenerative cervical myelopathy (Riegg et
al. 2015). (Figure 2).

Figure 2: T2W images of patients in the third decade of life showing different degres of

disc level degenerative disease causing spinal canal stenosis and reduction in the SAC at

the disc levels.
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Image A revealed a near normal cervical
spine without significant compromise of the
disc-level SAC. Image B revealed focal
narrowing of SAC at C5/6 level while image C
revealed more advanced compromise of SAC
involving all the sub-axial cervical spine levels.
A cord-canal mismatch as determined by spinal

cord occupation ratio of =70% on midsagittal
imaging has been shown to increase the risk of
spinal cord injury in some study populations.
(Nourietal. 2017)

Age also has a definite effect on SAC as
revealed in this study. There is a significant
negative correlation between age and SAC in
asymptomatic individuals at each sub-axial spine
level (P<0.05, table 4). The impact of age is most
significant after the fourth decade of life and this
reduction in SAC will further worsen the risk to
the cord, especially at C3/4 to C5/6 levels. This
trend has also been observed in the Japanese
population where a large proportion of the spinal
cord injured patients are over the age of 50 years
(Shingu et al. 1994) This study has brought to
fore, the relatively younger age at which
asymptomatic individuals in the study
population the risk of sub-axial spinal cord injury
is increased in the study environment among
asymptomatic individuals. The finding in this
study is consistent with the degenerative changes
in the spine with high prevalence of congenital
canal stenosis which will narrow the SAC
(Fehlings et al. 2013). Therefore, advancing age
is a risk factor for spinal cord injury in this study
population. Furthermore, associated
comorbidities in the elderly like diabetes
mellitus, poorly controlled hypertension and
hypercholesterolemia may cause
microangiopathy which may further worsen
outcome of spinal cord injury.

As age advances therefore,
asymptomatic individuals with previously
unidentified pre-existing tight SAC may
develop significant SCI even following trivial
trauma, road traffic accidents, whiplash injury or
during positioning of the patients for general
anaesthesia and surgery. (Matveeva et al. 2012,
Ndubuisi et al. 2017b) This risk will be
particularly higher among asymptomatic
individuals that participate in active high risk
unsupervised professional and non-professional

occupational and sporting activities, the
military and construction workers.

Intheory and in practice therefore, active
high risk asymptomatic individuals with pre-
existing small values of SAC are more likely
with advancing age to have worse outcome
following spinal cord injury and this risk may be
reduced by prior knowledge of SAC of an
individual. (Nouri et al. 2017) Prior knowledge
of SAC through a screening Magnetic
Resonance Imaging may help to advice these
high risk asymptomatic individuals on their level
of risk of cord injury.

SAC values affect the primary injury and
are most amenable in primary prevention
prevention. Awareness of pre-existing
compromised SAC may enhance compliance
with precautions aimed at prevention of spinal
cord injury among individuals with high risk of
exposure like artisans, military personnel,
drivers and individuals involved in active contact
sports and construction workers.

There are of course arguments around the
cost benefits of MRI-based screening of cervical
spine for individuals with higher risk of cord
injury; however, an important question needs to
be addressed in a study population with high
burden of spinal cord injury. Although the
argument of the relatively higher cost of MRI-
based screening is understood (<USD300), there
is need to compare this with the cost of short term
management of spinal cord injury in Nigeria
(>USD11, 000) (Kawu et al. 2011) with no
guarantee of good outcome. The current
approach of care relies on management of
patients presenting with advanced symptoms but
a paradigm shift to early identification of an
individual at high risk through screening and
subsequent follow-up may be a more viable
alternative. There is also evidence that MRI is
currently the only imaging modality that can
reliably image the spinal cord and therefore help
to calculate parameters like SAC which is a
direct stenosis index for the spinal cord.
(Presciutti etal. 2009; Aeblietal. 2013) Theuse
of anatomical measurements like the SAC to
determine at what critical value of these
measurements the sub-axial cervical spinal cord
would be at higher risks of damage following
mechanical insults is therefore very useful in the
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study community.

The sudden further decrease in the SAC
of these individuals after 45 years of age
suggests that the individuals at this age range or
younger exposed to high risk occupation or
lifestyle may benefit from SAC- based screening
for level of risk of spinal cord injury. Further
studies will help to fine-tune SAC values
approaching certain critical value that may be at
the threshold that will be most effectively served
by a properly organised community based sub-
axial cervical spine screening awareness
programme based on the expected level of
occupational risk of each individual for spinal
cord injury.

This strategy will improve the level of
patient orientation and recognition of warning
symptoms that should alert them to seek
specialist care early enough. There is however
need to further validate the results of this study
using follow-up studies before such large scale
screening programme can be adopted.

CONCLUSION

The study showed that there is negative
correlation between age and SAC. Effect of age
was mostly at C3/4 to C5/6 levels especially after
45 years of age. The study population had small
SAC values compared to most parts of the world.
Asymptomatic Nigerians had further significant
drop invalues of SAC after 45 years of age across
all the sub-axial spine levels especially as low as
2.97mm at C5/6 level and 3.42mm at C3/4 and
C4/5 levels. Small values of SAC suggest
increased risk of cervical cord injury which may
be part of the anatomical basis for the increased
frequency of sub-axial cervical spinal cord injury
inthe study region.

This study recommends cervical spine
MRI screening of high risk asymptomatic adults
after 45 years of age or for younger people
involved in high risk occupational and sporting
activities with initial screening SAC values
approaching this critical value observed among
those above 45 years old. This will help to predict
and monitor people with increased risk of post-
traumatic or degenerative disease induced
cervical SCI.
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