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ABSTRACT
	Background: Spondylolysis and Spondylolisthesis are causes of low back pain and spinal instability. There is a lack of CT-based prevalence studies in Sub-Saharan Africa
Aims: The aim of this study was to establish the prevalence of lumbar spondylolysis and spondylolisthesis, the vertebral levels affected, and the prevalence of spondylolytic (isthmic) spondylolisthesis vs non-spondylolytic spondylolisthesis, in patients who performed an abdominal CT or CT urography in FMC Ebute Metta for reasons other than back pain.
Methodology: The study was a retrospective descriptive and analytical cross-sectional study utilizing abdominopelvic CTs obtained in the radiology department of the Federal Medical Center, Ebute Metta. A total of 283 tomographs (belonging to 185 women and 98 men) were included in this study. 
Results: A total of 12 spondylolysis cases were observed detected in 11 patients (11/283, 3.9%). Majority (10/12, 83.3%) of the cases of spondylolysis were bilateral. Most of the cases of spondylolysis occurred at the L5 vertebral level (8/12, 66.7%). A total of 35 spondylolisthesis cases were observed in 33 patients (33/283, 11.7%). The most common level of involvement in spondylolisthesis among subjects in this study was L4/5 (16/35 cases, 45.7%). Majority of the subjects with spondylolisthesis had no co-existing spondylolysis (30/33, 90.9%). There were no significant differences in the rates of spondylolysis and spondylolisthesis between both sexes. There was no significant association of spondylolysis with age, but there was statistically significant difference (p=.000) in the prevalence of spondylolisthesis between the different age groups.
Conclusion: This study demonstrates that the prevalence of spondylolysis in a Nigerian adult population is lower than that reported in most non-Black cohorts. Further multi-center studies incorporating larger and more diverse populations, together with clinical and genetic correlates, are warranted to clarify the epidemiological patterns and clinical significance of spondylolysis and spondylolisthesis in sub-Saharan Africa.
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1. INTRODUCTION
Spondylolysis is a descriptive term referring to defects in the region of the pars interarticularis, the portion of the vertebral arch that connects the superior and inferior articular facets. It usually occurs at the lumbar spine, most frequently at the fifth lumbar level (Sutton, 2003).  The cause of a spondylolysis is controversial but thought to be congenital and/or post-traumatic. Many believe this is a stress-related injury from infancy that develops when toddlers try to walk and repeatedly fall on their buttocks, sending stress to their lower lumbar spine (Brant, 2012). The significance of spondylolysis is just as controversial as its aetiology. 
More and more clinicians are coming to the viewpoint that a spondylolysis is an incidental finding with no clinical significance in most cases. However, it is a common cause of low back pain in adolescents and may be the cause of low back pain in approximately 50% of adolescent athletes (Dunn et al, 2008).
Approximately 90% of cases of spondylolysis occur at the L5 level and about 10% occur at the L4 level (Syrmou et al, 2010).
The fractures in the pars intra-articularis are commonly visible on the routine lateral film of the lumbar spine but are better demonstrated on oblique projections or more exactly by CT. Many consider CT the gold standard for the evaluation of spondylolysis on account of its high spatial resolution, high bony contrast, and greater diagnostic certainty. CT will also demonstrate any associated disc disease. Magnetic resonance will show spondylolysis, but it can be difficult to see and is easily overlooked.
If spondylolysis is bilateral and the vertebral body in the more cephalad position slips forward on the more caudal body, spondylolisthesis is said to be present. Spondylolisthesis indicates anterior or posterior slipping of a vertebra from any cause. Spondylolisthesis may or may not be symptomatic. If severe, it can cause neuroforaminal stenosis and can impinge on the nerve roots in the central spinal canal. 
Spondylolisthesis can also occur as a result of:
1. Trauma.
2. Stress fractures to the pars interarticulares or pedicles.
3. Congenital dysplasia of the superior articular facets of the sacrum. In this case severe forward slipping is often associated with considerable deformity of the upper border of the sacrum and of the inferior margin of the fifth lumbar vertebra. Since the whole of the fifth lumbar vertebra is displaced anteriorly, it is easily distinguished from the common type.
4. Disc degeneration and osteoarthritis of the apophyseal joints. Degenerative spondylolisthesis (DS) is a disorder that causes the slip of one vertebral body over the one below due to degenerative changes. It differs from spondylolytic spondylolisthesis by the absence of a pars interarticularis defect (spondylolysis), i.e., in DS, the whole upper vertebra (vertebral body and posterior part of the vertebra including neural arch and processes) slips relative to the lower vertebra.
The Meyerding classification of spondylolisthesis grades the severity of the slip. This classification was originally developed for anterolistheses but can be adapted for retrolistheses (Kolosky & Gendelberg, 2020). To determine the grade of spondylolisthesis using the Meyerding classification, two vertical lines are drawn along the posterior cortex superior and inferior vertebra, and a measurement is taken between them (A). The length of the inferior vertebral body is also measured (B). A calculation of A/B determines the grade: (a) grade I: 0-25% (b) grade II: 26-50% (c) grade III: 51-75% (d) grade IV: 76-100% (e) grade V (spondyloptosis): >100%
The grades can be further grouped as: (a) low-grade: grades 1 and 2 (b) high-grade: grades 3, 4 and 5
There is a lack of CT-based study exploring the prevalence of spondylolysis and spondylolisthesis among the African population and even among black populations outside Africa. However, two older studies exploring the prevalence of spondylolysis utilizing skeletal analysis were found to involve black populations. In an analysis of South African skeletons, the rates of spondylosis among African men and African women were found to be 3.5% and 2.6% respectively. The overall incidence of spondylolysis was 3.5%, without significant variation between races (Eisenstein, 1978). Conversely, another skeletal study found that the rates of spondylosis among whites were significantly higher than in black subjects, with the prevalence of lumbar spondylolysis of 2.8% in African-American men, and 1.1% in African-American women, compared to 6.4% in white men and 2.3% in white women (Roche & Rowe, 1951). A CT-based study in New York also found that the prevalence of lumbar spondylolysis was significantly higher in white patients compared with that in black patients with prevalences of 3.0% and 0.8% respectively (Yoshihara et al, 2023). Numerous CT-based studies among non-black populations show a spondylolysis prevalence ranging from 3% to 11.5%, and spondylolisthesis rates ranging between 6% to 20.7% (Yoshihara et al, 2023; Sakai et al, 2009; Ko & Lee, 2011; Belfi et al, 2006; Kalichman et al, 2009; Aoki et al, 2020; Layegh & Hejazian, 2017). No studies exploring the rates of spondylolisthesis among black populations were found.
CT has been shown to be superior to radiographs and MRI in the evaluation of spondylolysis in multiple studies. A comparative study found that the sensitivity and false-negative rate of MRI in the diagnosis of spondylolysis were 59.1% and 40.9% respectively, while the sensitivity and false-negative rate of CT scan were 77.3% and 22.7% (West et al, 2019). In a study of 42 paediatric patients at a single institution, CT provided a greater level of agreement than 2D MRI and 2D + 3D MRI (Delevan et al, 2016). In another comparison study, CT provided a significantly higher level of agreement among raters than radiographs regardless of the number of radiographic views (Fadell et al, 2015).
A systematic review estimated that the 12-month prevalence of low back pain among certain Nigerian adult populations to be between 32.5% to 73.53% (Bello & Bello Ahmed, 2017). Spondylolysis is a common cause of pain in younger patients and athletes, so it remains an important lower back pathology. In children, the most common identifiable cause of lower back pain is spondylolysis (Kruger, 2015). Multiple studies have also found significantly higher rates and higher grades of spondylolisthesis among patients with spondylolysis than the general population. Since higher grade spondylolisthesis could lead to nerve root injury, it definitely represents a condition that should be further studied. This study would serve as the pioneer CT-based study of the prevalence of spondylolysis and spondylolisthesis in a sub-Saharan African population.

2. MATERIALS AND METHODS
2.1 Study design
This is a cross-sectional retrospective hospital-based study.
2.2 Study venue
The study will be carried out in the department of radiology of the federal medical center Ebute Metta (FMC EB), a tertiary health institution located in Lagos state, South western Nigeria. The institution is a referral center for Lagos state with a population of at least 16.4 million inhabitants according to a 2018 Lagos state government estimate. The other five states of the south western Nigeria also utilize this facility. The department provides a wide range of radiological services.
2.3 Study Duration
The study was carried out over a period of one month from approval from the Ethics committee of FMC Ebute Metta.
2.4 Study Population
The study population is made up of patients who performed abdominopelvic CTs or CT urograms in the radiology department of the Federal Medical Center, Ebute Metta Lagos.
2.5 Sample size determination
The sample size was calculated from the formula n =Z2qP/d 2
Where n= minimum sample size
Z= % of the normal standard distribution which defines 95% confidence interval and is = 1.96
P= prevalence of population estimated to have spondylolysis
q = complementary probability where (1-p) = q
d = degree of accuracy set as 0.05
P= prevalence of spondylolysis in CT images is noted by Belfi et al in 2006 to be approximately 6%
The estimated sample size is
n = (1.96)2 x 0.06 (1 - 0.06)
	(0.05)2
n = 87
The minimum sample size would therefore be 87.
2.6 Inclusion criteria
1. Adult patients aged 18 to 80 years
2. Abdominal CTs and CT urograms only
2.7 Exclusion criteria
1. Patients whose indication for their study was low back pain
2. Patients with lytic or sclerotic bone metastases, spinal tumors or spinal infections
3. Patient with a history of spinal fusion or stabilization or other spinal surgery
4. Patients with history of acute trauma 
5. Patients with spina bifida or other congenital spinal anomalies which may complicate evaluation
6. Poor quality images (motion artifacts, or any other causes of blurring)
Patients who fulfilled the inclusion criteria were recruited into the study. Abdominal CTs and CT urograms of patients who were referred to the radiology department for imaging between February and June 2025 were extracted from the Picture Archiving and Communications Systems (PACS).
These patients had been referred to our department due to various symptoms including abdominal pain, suspected nephrolithiasis, suspected neoplasms, abdominal distension, intestinal obstruction etc

2.9 Imaging parameters 
Study participants were imaged with a 128-slice multi-detector CT scanner (SOMATOM Definition AS, Siemens, Germany, 2010). Each subject underwent abdominal multidetector CT performed using a sequential scan protocol during a single end-inspiratory breath hold.  The tube voltage and current varied based on the weight of each patient. For the abdominal scans, contiguous 5 mm thick axial slices of the abdomen and pelvis were acquired and then coronal and sagittal reformatting was performed. The evaluation of all spinal degeneration parameters in this study was performed using GE HP Z800 (Advantage Workstation 4.6) software.

2.10 Evaluation technique
CT scans were evaluated in blinded fashion with respect to personal data. The entire lumbar spine was reviewed for each case, using bone windows. Both axial views and multiplanar reconstruction were analysed. 
On CT scan, spondylolysis is well demonstrated as a linear lucidity or defect extending through the pars interarticularis. This is easily recognized on sagittal 2D reconstructions. The sagittal reformatted image was first viewed to find the defect in the lumbar spine, following which the defect was confirmed in the axial image. Spondylolysis was marked as present or absent at right or left sides of the lumbar vertebrae or bilateral. In the case where the image review was equivocal, it was evaluated again by the consultant. CT evaluation of spondylolysis, especially using multiplanar reconstruction has previously been described as a reliable and accurate method.
Grading (I to IV) of spondylolisthesis (Meyerding classification) were estimated using sagittal reformations. 
Spondylolisthesis identified at a spinal segment with bilateral or unilateral spondylolysis was considered isthmic spondylolisthesis. Spondylolisthesis observed in the absence of spondylolysis was considered degenerative spondylolisthesis.  
First, the presence of spondylolysis was examined, and whether it is unilateral or bilateral. Second, the presence of vertebral slip (>3 mm) was examined in patients with or without spondylolysis. Finally, levels, sex- and age- specific prevalence of spondylolysis and spondylolisthesis were be evaluated.
2.11 Data analysis
All findings obtained from this study were documented in a data study sheet and the data was analysed using the Statistical package for social sciences (SPSS) version 31 for analysis.

2.12 Patient confidentiality
Patients’ hospital numbers were imputed into a proforma. The hospital numbers were used to checked for duplication to ensure multiple CTs from the same patient were not imputed into the study. Patients’ names were not used. Patients’ identifying information, including their hospital numbers, were not disclosed to any party not involved in the data collection or analysis.

3. RESULTS
The CT images of 283 subjects were entered into this study. Of all patients, 185 individuals (65.4%) were female, while 98 individuals (34.6%) were male. The mean age of the studied population was 51.1 years ± 13.9 years. The maximum age and minimum age were 79 and 18 years respectively. The mean age of females was 49.8 ± 13.4 years, while that of males was 53.8 ± 14.5 years. Figure 1 shows the gender distribution of the study subjects. 

Figure 1: Gender distribution of the study subjects
A total of 12 spondylolysis cases were observed detected in 11 patients (11/283, 3.9%). A 51-year-old woman had two-level spondylolysis at L4 and L5. 96.1% (272/283) of patients did not have any pars-interarticularis defect. These findings are documented in table 1.
	
	Number of subjects
	
	Percent

	Spondylolysis present
	11
	
	3.9%

	Spondylolysis absent
	272
	
	96.1%

	Total 
	283
	
	100%


Table 1: Spondylolysis prevalence in the studied population
Majority (10/12, 83.3%) of the cases of spondylolysis were bilateral. 2 cases (16.7%) were unilateral. Table 2 shows the distribution of spondylolysis cases by location
	Location of lesion
	Number of cases
	Percent

	Bilateral 
	10
	83.3%

	Left
	1
	8.3%

	Right
	1
	8.3%


Table 2: Spondylolysis distribution by location
Most of the cases of spondylolysis occurred at the L5 vertebral level (8/12, 66.7%). Two cases were observed at the L4 vertebral level. Another two cases were observed at the S1 vertebral level in patients with lumbosacral transitional vertebras (lumbarization of S1). This is shown in Table 3.
	Level of lesion
	Number of cases
	Percent

	L4
	2
	16.7%

	L5
	8
	66.7%

	S1
	2
	16.7%


Table 3: Spondylolysis distribution by vertebral level
A total of 35 spondylolisthesis cases were observed in 33 patients (33/283, 11.7%). Two patients had two-level spondylolisthesis: a 63-year-old man who had spondylolisthesis of L2/L3, and L4/L5, and a 63-year-old woman who had spondylolisthesis of L3/L4, and L5/S1. The 35 spondylolisthesis cases were all Meyerding Grade I (35/35, 100%).
	
	Number of subjects
	Percent

	Spondylolisthesis present
	33
	11.7%

	Spondylolisthesis absent
	250
	88.3%

	Total 
	283
	100%


Table 4: Spondylolisthesis prevalence in the studied population
The most common level of involvement in spondylolisthesis among subjects in this study was L4/5 (16/35 cases, 45.7%). The least common level of involvement was at the S1/S2 vertebral level (1/35 cases, 2.9%), which was observed in a patient with lumbosacral transitional vertebra (lumbarization of S1). Table 5 shows the distribution of spondylolisthesis cases by vertebral level.
	Level of lesion
	Number of cases 
	Percent

	L2/3
	5
	14.3%

	L3/4
	5
	14.3%

	L4/5
	16
	45.7%

	L5/S1
	8
	22.9%

	S1/2
	1
	2.9%


Table 5: Spondylolisthesis distribution by vertebral level
Majority of the subjects with spondylolisthesis had no co-existing spondylolysis (30/33, 90.9%), including the two subjects with two-level spondylolisthesis. Only 3 subjects (3/33, 9.1%) had co-existing spondylolysis and spondylolisthesis. In one of those subjects, the spondylolysis occurred at S1 vertebra, but the spondylolisthesis occurred three vertebral levels higher at the L2/L3 vertebral level, suggesting that their spondylolisthesis was degenerative in nature. Therefore, isthmic (spondylolytic) spondylolisthesis was only found in 6.1% (2/33) of patients with spondylolisthesis. Fischer’s exact test was performed and showed no statistically significant difference (p = .124) in the rates of spondylolisthesis among subjects with spondylolysis compared to the subjects without. Table 6 demonstrates that the rate of spondylolisthesis in patients with spondylolysis was 27.2% (3/11), while the rate of spondylolisthesis in patients without spondylolysis was 11% (30/272).

	
	Spondylolisthesis present
	Spondylolisthesis absent
	Total

	Spondylolysis present
	3
	8
	11

	Spondylolysis absent
	30
	242
	272


Table 6: Crosstabulation of patients with spondylolysis and spondylolisthesis
Spondylolysis was observed in 3.8% of female subjects, compared to 4.1% of male subjects. Spondylolisthesis had a slightly higher prevalence in females (11.9%) when compared to males (11.2%). Statistical analysis demonstrated no significant differences in the rates of spondylolysis and spondylolisthesis between both sexes. Table 7 and Figure 2 demonstrate the rates of spondylolysis and spondylolisthesis by sex.
	Sex
	Spondylolysis (%)
	Spondylolisthesis (%)

	Female
	7/185 (3.8%)
	22/185 (11.9%)

	Male
	4/98 (4.1%)
	11/98 (11.2%)

	p-value
	1.00
	.868


Table 7: Spondylolysis and Spondylolisthesis prevalence between both sexes
[image: ]
Figure 2: Spondylolysis and spondylolisthesis prevalence by sex
Spondylolysis was observed in no subject (0/60) within the 18 to 40 age group, 6.3% (9/142) of subjects in the 41 to 60 age group, and 2.5% (2/81) of subjects in the 61 to 80 age group. Spondylolisthesis was observed in no subject (0/60) in the 18 to 40 age group, 5.6% (8/142) of subjects in the 41 to 60 age group, and 30.9% (25/81) of subjects in the 61 to 80 age group. Chi-square test showed statistically significant difference (p=.000) in the prevalence of spondylolisthesis among the different age groups.  Table 8 shows the distribution of spondylolysis and spondylolisthesis among the different age groups
	Age group
	Spondylolysis
	Spondylolisthesis

	18 to 40
	0/60 (0%)
	0/60 (0%)

	41 to 60
	9/142 (6.3%)
	8/142 (5.6%)

	61 to 80
	2/81 (2.5%)
	25/81 (30.9%)

	p-value
	.088
	.000


Table 8: Distribution of spondylolysis and spondylolisthesis among the different age groups
Logistic regression analysis was performed to identify independent predictors of spondylolysis and spondylolisthesis. After adjusting for each other, sex and age group were not independent predictors of spondylolysis (p > 0.05). However, after adjusting for sex, increasing age remained strongly associated with spondylolisthesis (p = .000, variable odds ratios). These findings suggest that increasing age contributes to increased risk of spondylolisthesis in this studied population.

4. DISCUSSION
Our spondylolysis prevalence of 3.9% is lower than that seen in numerous CT-based studies from Asia and the Americas which demonstrate prevalence rates ranging from 5.7% to 11.5% (Sakai et al, 2009; Ko & Lee, 2011; Belfi et al, 2006; Kalichman et al, 2009; Aoki et al, 2020; Layegh & Hejazian, 2017). This supports prior skeletal data suggesting a lower predisposition among black populations (Eisenstein, 1978; Roche & Rowe, 1951; Yoshihara et al, 2023). Several factors may contribute to this observation, including genetic influences, differences in adolescent activity patterns, and population-specific anatomical factors. However, definite conclusions regarding causation require further multi-center and genetic studies. Our finding that the L5 vertebra was the most commonly affected site is consistent with global literature, reflecting the biomechanical vulnerability of this region. This study did not demonstrate any significant differences between both sexes in the prevalence of spondylolysis, similar to multiple previous studies (Ko & Lee, 2011; Aoki et al, 2020; Layegh & Hajezian, 2017). In contrast, some studies discovered higher rates of spondylolysis among males which were statistically significant (Sakai et al, 2009; Kalichman et al, 2009). This study observed the highest rate of spondylolysis in the 41 to 60 years age group (6.3%) while there was zero prevalence in the 18 to 40 years age group. However, the differences in spondylolysis prevalence among the different age groups were not statistically significant. The relatively low rate of spondylolysis in the young adult (18 to 40 years) age group in this study is a little puzzling, and its high rate in the 41 to 60 years age group suggests that new-onset spondylolysis still occurs in the middle-aged individuals, which is contrary to multiple sources that suggest it is an injury of toddlers and adolescent athletes.
Our analysis showed no statistically significant difference (p = .124) in the rates of spondylolisthesis among subjects with spondylolysis compared to the subjects without spondylolysis, which is similar to the finding in a previous study (Layegh & Hejazian, 2017). Conversely, multiple studies demonstrated higher-than-normal rates of spondylolisthesis in patients with spondylolysis when compared to the general population. One study showed that 60.5% of patients with spondylolysis had spondylolisthesis (Sakai et al, 2009). Another study showed that 79% of patients with bilateral spondylolysis had spondylolisthesis, compared to 13.9% of patients without spondylolysis (Kalichman et al, 2009). Similarly, another study showed statistically significant difference in the rates of spondylolisthesis in patients with spondylolysis versus those without ; 51.4% of patients with spondylolysis had consequent spondylolisthesis, compared to 7.4% of patients without spondylolysis (Aoki et al, 2016). Our study’s finding of no statistically significant difference in the spondylolisthesis rates between patients with spondylolysis and those without, suggests that pars interarticularis fracture is not a strong predictor of spondylolisthesis in our population, compared to Asian and American populations.
The prevalence of spondylolisthesis in this studied population was 11.7% which is similar to other studies which demonstrated spondylolisthesis rates of 10.2% and 13% (Aoki et al, 2020; Layegh & Hejazian, 2017). It is however less than the rate in a study in Massachusetts which discovered a spondylolisthesis prevalence of 20.7% (Kalichman et al, 2009).  The commonest level of spondylolisthesis in this study was at the L4/L5 vertebral level. There were no cases of L1/L2 spondylolisthesis in this studied population. Similarly, two studies found the highest occurrence of spondylolisthesis at the L4/5 vertebral level (Kalichman et al, 2009; Layegh & Hejazian, 2017). This study did not demonstrate any statistically significant difference (p=.868) in the rates of spondylolisthesis between both sexes. Conversely, the study by Layegh & Hajezian showed statistically significant higher rates of spondylolisthesis among women compared to men. Two other studies also showed statistically significant higher rates of degenerative spondylolisthesis among women compared to men (Kalichman et al, 2009; Aoki et al, 2020). In this study, there were statistically significant differences in the rates of spondylolisthesis between different age groups, increasing with increasing age, with the highest prevalence (30.9%) observed in the 61 to 80 years age group, similar to the study by Kalichman et al which also demonstrated statistically significant differences in degenerative spondylolisthesis rates between different age groups, with highest rate in the 60 to 69 years age group.
The findings in this study suggest that spondylolisthesis occurs most frequently in elderly Nigerian adults, increasing in prevalence with increasing age, and it is overwhelmingly degenerative in aetiology. 
4.1 Limitations of the study
The retrospective design and reliance on archived CT studies limited the ability to take information on the prevalence of low back pain among the studied participants, and explore the associations between spondylolysis and spondylolisthesis and low back pain. The study may not be representative of the general population because of the age and sex distribution of the studied patient population; The study had a high percentage of women (65.4%), and the 41 to 60 years age group is also overrepresented in this study, constituting 50.2% of study subjects. 
4.2 Clinical and public health implications
This study explored the prevalence of spondylolysis and spondylolisthesis among an adult population in Nigeria using images of patients who performed abdominal CT for reasons other than back pain. This has helped establish baseline prevalence of spondylolysis and spondylolisthesis in this population. 

5. CONCLUSION
This study demonstrates that the prevalence of spondylolysis in a Nigerian adult population is lower than that reported in most non-Black cohorts, with the L5 vertebra being the most frequently affected site. Degenerative spondylolisthesis showed significant associations with advancing age, although the majority of cases were low grade. These findings suggest potential population-specific differences in susceptibility, which may be influenced by genetic, lifestyle, or anatomical factors.
Importantly, the detection of incidental pars defects and low-grade slips on CT imaging highlights an opportunity for early recognition and timely management, particularly in settings where low back pain is a major cause of morbidity and reduced productivity. While the study is strengthened by the use of CT, which offers superior diagnostic accuracy compared with plain radiographs, its single-center design and absence of clinical correlation limit generalizability.
Further multicenter studies incorporating larger and more diverse populations, together with clinical and genetic correlates, are warranted to clarify the epidemiological patterns and clinical significance of spondylolysis and spondylolisthesis in sub-Saharan Africa.
4.1 Limitations of the study
The retrospective design and reliance on archived CT studies limited the ability to take information on the prevalence of low back pain among the studied participants, and explore the associations between spondylolysis and spondylolisthesis and low back pain. The study may not be representative of the general population because of the age and sex distribution of the studied patient population; The study had a high percentage of women (65.4%), and the 41 to 60 years age group is also overrepresented in this study, constituting 50.2% of study subjects. 
4.3 Recommendations for future research
Larger multi-center studies across Nigeria are needed to validate the prevalence of spondylolysis and spondylolisthesis across the nation. Future studies should also research any possible correlation of these conditions with low back pain.
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