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Abstract

:

Lumbosacral transition vertebra (LSTV) is a common occurrence and its prevalence ranges from 2.6% to 35.6%. Our aim is to study this phenomenon in the adult Singaporean population and assess the level of degeneration of the suprajacent disc in those with LSTV. Retrospectively, 545 patients (Age = 57.6 ± 18.3 years; Male = 277; Female = 268) who underwent radiographic evaluation of the lumbar spine for lower back pain or radicular symptoms were shortlisted. LSTV was found to be present in 106 patients (19.4%) with sacralization of L5 and lumbarization of S1 occurring in 96 patients (17.6%) and 10 patients (1.8%), respectively. The most common form of LSTV was Castellvi type IIA (46 patients; 43.4%). Based on Pfirrmann grading, Grade IV disc degeneration was most common in both the LSTV level (63%) and the unfused suprajacent level (77%) in those with LSTV. There was a significantly higher number of patients with grade IV and above degeneration in the suprajacent disc level among those with LSTV when compared to the last unfused (L5-S1) disc level in those without LSTV (84% vs. 65%; p = 0.0001). This suprajacent disc degeneration seen in patients with LSTV may contribute to low back pain and related problems in these patients.
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1. Introduction


Lumbosacral transitional vertebra (LSTV) is a common anatomical abnormality that is often seen at the L5/S1 level of the spine [1]. This can either present as lumbarization of S1 vertebra or sacralization of L5 vertebra [2]. The lumbarization of S1 is characterized by various features, including a squared shaped S1 vertebra with well-formed lumbar type facet joints, anomalous articulation, and a fully developed disc below S1. On the other hand, sacralization of L5 vertebra can range from elongated and broadened transverse processes to complete fusion with the sacrum [2,3]. Most commonly, the transitions are unilateral or incomplete [4]. Previous studies have shown the prevalence of LSTV to range from 2.6% to 35.6% [1,5,6,7,8]. French et al. described prevalence of LSTV to be 9.9% in the Australian population, while Tang et al. reported prevalence of LSTV to be 15.8% in the Han Chinese population [1,8].



The most common classification system for LSTV was devised by Castellvi et al. in 1984 and is based on the different morphological characteristics of the lower spine [3]. There is currently no standardized modality for identifying LSTV, but most authors agree that anteroposterior (AP) radiographs provide the best radiological evidence for LSTV [9]. It is essential to identify LSTV in patients requiring spinal surgery. Discrepancies in correlating patient symptoms with the correct spinal level have occurred previously and can be due to the presence of LSTV [2,10]. It is therefore imperative that spinal surgeons identify the presence of LSTV prior to spinal surgery. The presence of LSTV can also affect the load distribution in the spine and cause more degeneration in the disc cranial to the LSTV [11,12]. There have also been studies demonstrating the protective effects of the LSTV on the disc at the transitional level [13,14,15]. However, there is a lack of research on LSTV specifically focused on the Singaporean population. Thus, our aim is to examine the frequency of LSTV among symptomatic adults and assess the extent of intervertebral disc degeneration both at the transitional level and the level immediately above the LSTV.




2. Material and Methods


After institutional review board approval, retrospectively, a list of AP and lateral lumbar X-rays were reviewed. All participants provided written informed consent for participation in the study with due care to maintaining privacy. Included were consecutive adults older than 18 years of age irrespective of gender who visited our clinic with radiographic evidence of 12 ribs, and clearly visible vertebral body articulation of the last rib, lumbar transverse processes, and the entire sacral wing. Patients were all symptomatic, either with back pain or radicular pain at initial presentation and were subjected to radiographic evaluation. This included those who were to be managed conservatively or posted for surgery or had completed surgical intervention. Excluded were those in whom there was difficulty in identifying the transitional vertebra due to instrumentation or abdominal contents. Patient’s age at time of imaging, gender, race, and the number of lumbar vertebral bodies were noted.



The identification of the transitional vertebra was performed by first counting down from the last thoracic vertebra on the AP view X-ray and was further confirmed using the lateral view. If any hypoplastic ribs were observed, then the vertebra directly beneath it was designated as L1, which could be identified by the presence of transverse processes. “Sacralization of L5” was considered when the transverse process of the last lumbar vertebra formed either a bony bridge or a pseudoarthrosis with sacral ala. “Lumbarization of S1” was considered when there were five distinct lumbar vertebrae, in addition to a squared-shaped S1 vertebra with well-formed lumbar type facet joints, where the transverse process either fuses with or forms a pseudoarthrosis with the sacral ala, with or without a fully developed disc below S1. We considered Castellvi types II, III, and IV only as transitional states (Figure 1). Type I was excluded as it lacks clinical and surgical significance; furthermore, Castellvi type I has been considered as a variation of normal due to the presence of a mobile disc caudal to the vertebra in question [16]. If the morphology differed between the right and the left side, the transition was designated to the side that had the higher type numerically. Data were recorded as type II to IV. All suspected LSTV were jointly reviewed by two reviewers, and a consensus was reached on the classification.



For patients with LSTV, the intervertebral discs, located at the level of the LSTV, and the disc above (suprajacent) were evaluated using the Pfirrmann criteria to determine their grade of degeneration [17]. Additionally, the last unfused intervertebral disc at L5/S1 in normal patients was also evaluated using the same grading criteria. Measurements were performed by two independent reviewers. The Pfirrmann grading system uses MRI T2 weight imaging (T2WI) sagittal images of the spine to assess degeneration of the intervertebral discs by looking at the asymmetry in disc structure, distinction of the nucleus and the annulus, signal intensity of intervertebral discs and height of intervertebral discs. The degree of degeneration of the intervertebral discs were categorized into grade I to V based on the 5-level Pfirrmann grading system (Figure 2). A detailed description of the grading system can be found in the original work of Pfirrmann et al. [17] and validations by Griffith et al. [18] and Miyazaki et al. [19].



Statistical analyses were performed using SPSS version 28 (SPSS, Inc, an IBM Company, Chicago, IL, USA). The patients were chosen through convenience sampling, inclusive of all patients during a specific time frame. Intra- and interrater reliability of Pfirrmann grading were assessed using Cohen’s kappa on 35 patients. The calculated minimum sample size required for the reliability analysis was 14 based on power calculation, with expected reliability of 0.8 and precision of approximately 95% confidence interval [20]. The kappa coefficient (κ) has a maximum value of 1.0 and a minimum value of 0, indicating agreement no better than chance. Recommendation from Landis and Koch stated that κ values of more than 0.8 are considered excellent; 0.6–0.8 as good; 0.4–0.6 as moderate and <0.4 as poor correlation [21]. Categorical variables were expressed as frequencies. Comparisons of disc degeneration between the groups were performed using the Fischer’s Exact test. We utilized Spearman’s rank correlation coefficient to examine the relationship between age and the extent of disc degeneration. The coefficient can range from −1 to +1, where a score of +1 represents a complete positive correlation, a score of 0 denotes no correlation, and a score of −1 indicates a total negative correlation.




3. Results


A total of 580 symptomatic patients were evaluated. Based on our exclusion criteria, 19 patients whose radiographs were inadequately exposed, 11 patients who had previous instrumentation, two patients who underwent previous vertebroplasty, one who underwent radiologically guided aspiration of spondylodiscitis, another who had previous lumbar laminectomy, and one who was too young at time of radiography (16 years old) were all excluded. As a result, a total of 545 radiographs were shortlisted for this study. The mean age of the population in our study was 57.6 ± 18.3 years and LSTV was found in 106 patients (19.6%), the majority male (61 patients; 58%) (Table 1). Of the 277 included males, 61 had LSTV, whereas, among the 268 included females, 45 had LSTV. This difference was not statistically significant (p = 0.13).



Of the patients with LSTV, 10 (1.8%) had lumbarization of the S1 and 96 (17.6%) had sacralization of L5. The most common type of LSTV as per the Castellvi classification was type IIA in 46 patients (44.0%), while the least common was type IV for four patients (3.7%). The intra-rater reliability of Pfirrmann grading was excellent at 0.884, while the interrater reliability of Pfirrmann grading was moderate at 0.464. Based on Pfirrmann’s grading, Grade IV degeneration was most common in both the LSTV level (63%) and the unfused suprajacent level (77%) in those with LSTV. Grade IV degeneration was also common (275 patients; 63%) in the last unfused disc level (L5-S1) among those without LSTV. However, there was a significantly higher number of patients with grade IV and above degeneration in the last unfused disc level among those with LSTV when compared to those without (84% vs. 65%; p = 0.0001) (Table 2). We also noted a significant positive correlation between age and the grade of degeneration at the suprajacent level; nevertheless, the correlation coefficient indicated that the relationship was not particularly robust (Spearman’s rho: 0.421). In addition, gender did not seem to influence the grade of degeneration.




4. Discussion


Accurately identifying the level of the spinal nerve during spinal surgery is crucial, since operating on the wrong level can result in catastrophic consequences for the patient [22,23]. However, the presence of LSTV can make this task more difficult, which is why it is essential to comprehend the prevalence of this condition in the local context. This study showed that the prevalence of LSTV in our symptomatic population was 19.4%, with a higher number of patients with sacralization of L5 (17.6%) compared to lumbarization of S1 (1.8%). Furthermore, Castellvi type IIA was the most common type of LSTV present in our study population.



4.1. Prevalence of LSTV


The prevalence of LSTV varies widely, as stated in the literature, and previous studies have shown a range between 2.6% and 35.6% [1,5,6,7,8]. Tang et al. conducted a study on a Han Chinese population in 2014 and discovered that the prevalence of LSTV was 15.8%, with the most common being Castellvi type II [8]. French et al. found that the prevalence of LSTV in the Australian population was 9.9% [1]. Ucar et al. studied the Turkish population and found that prevalence of LSTV was 18.9% with sacralization of L5 and lumbarization of S1 occurring in 17.2% and 1.7% of the population, respectively [24]. Gopalan et al. studied the Indian population and found the prevalence of LSTV to be 24.3%, with sacralization of L5 and lumbarization of S1 at 20.9% and 3.3% respectively [25]. Multiple other studies on the Indian population revealed LSTV’s prevalence to be 22–26.8% [26,27]. Our results fall between the studies done by Tang et al. and Gopalan et al. This is likely due to the racial profiles of patients included in our study, with 7% of the population being Indians, 7% being Malays and the majority (77%) being Chinese. We also found that sacralization of L5 was more prevalent compared to lumbarization of S1 and that Castellvi IIA was the most common form of LSTV, which is consistent with many other studies [6,24,25,28].




4.2. Degeneration of the Disc Compared to the Suprajacent Disc


Several studies have investigated the extent of intervertebral disc degeneration at the LSTV level and the disc above it. Notably, previous studies have reported accelerated degeneration of the suprajacent disc [13,14,15]. The proposed mechanisms include the suprajacent disc needing to bear more stress, as it is juxtaposed with a relatively non-mobile segment, with mechanisms similar to post-fusion adjacent segment disease [16]. Another mechanism includes instability of the suprajacent segment due to a weaker iliolumbar ligament [15]. This phenomenon was also observed in our cohort, as we saw a significantly higher number of patients with Grade IV degeneration of the suprajacent disc when compared to the disc at the level of transition.



On comparing the level of degeneration of the suprajacent disc in patients with LSTV and the last unfused (L5-S1) intervertebral disc in patients without LSTV, we found a significantly higher number of patients with grade IV and above degeneration in the suprajacent disc among those with LSTV. This finding is of clinical importance as the degeneration could be the cause of symptoms. Various studies have reported similar findings in patients with LSTV. To note, Hanhivaara et al. performed a study on 3855 abdominal CT scans and observed a greater amount of lumbar spine degeneration in patients with LSTV [11]. Furthermore, they found that patients with Castellvi IIA had the third highest amount of disc degeneration after Castellvi IIIB and IV [11]. This observation suggests that it is plausible to consider LSTV as a potential cause of back pain. However, this association remains controversial. While studies have associated lower back pain with LSTV [8,26,29], some have shown no association [2] and hence this result needs to be interpreted with caution.




4.3. Limitations of the Study


There are limitations to this study due to its retrospective nature. Firstly, the number of patients we included in this study is small compared to other studies. Moreover, there was an element of selection bias in our study as we did not analyze radiographs of asymptomatic patients. All our patients either had low back pain or radicular symptoms at first presentation. Hence, the selected cohort may not represent the general population. The interrater reliability of Pfirrmann grading of disc degeneration was moderate. This could be due to the discs which were difficult to differentiate, especially types 1, 2 and 3.





5. Conclusions


The prevalence of LSTV in the selected population was found to be 19.4%, with sacralization of L5 being the most common transitional state. Grade IV disc degeneration was most common in both the LSTV level and the unfused suprajacent level in those with LSTV. Grade IV degeneration was also common in the last unfused disc level among those without LSTV. However, there was a significantly higher number of patients with grade IV and above degeneration in the last unfused disc level among those with LSTV when compared to those without. Due to the increased tendency for suprajacent disc degeneration in LSTV patients, these patients may present with low back pain and related problems.
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Figure 1. Castellvi classification of LSTV at L4-5 level. (a) Type IIA—Unilateral pseudoarthrosis of the transverse process. (b) Type IIB—Bilateral pseudoarthrosis. (c) Type IIIA—Unilateral complete fusion of the transverse process. (d) Type IIIB—Bilateral complete fusion. (e) Type IV: Type IIA on one side and Type IIIA on the other side. Type 1 was considered as a variation of normal. Arrows point to the anomalous articulation. 
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Figure 2. Pfirrmann grading of intervertebral disc degeneration. (a) Grade I: Homogenous and bright white disc with clear distinction between the nucleus and annulus, with signal intensity being hyperintense/isointense to cerebrospinal fluid and maintaining normal height. (b) Grade II: Inhomogeneous disc with or without horizontal bands and a clear distinction between nucleus and annulus, with signal intensity being hyperintense/isointense to cerebrospinal fluid and maintaining normal height. (c) Grade III: Inhomogeneous gray disc with unclear distinction between nucleus and annulus with signal intensity being intermediate and having normal to slightly decreased height. (d) Grade IV: Inhomogeneous gray to black disc with loss of distinction between nucleus and annulus, and with signal intensity being intermediate to hypointense and having normal to moderately decreased height. (e) Grade V: Inhomogeneous black disc with loss of distinction between nucleus and annulus with signal intensity being hypointense and appearing collapsed. 
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Table 1. Baseline characteristics of patients.
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Variables

	
Descriptive Statistics *






	
Number of Patients

	
545




	
Age (years)

	
57.6 ± 18.3




	
BMI (kg/m2)

	
26.0 ± 5.3




	
Gender




	
Male

	
277 (50.8%)




	
Female

	
268 (49.2%)




	
Race




	
Chinese

	
420 (77.1%)




	
Malay

	
40 (7.3%)




	
Indian

	
37 (6.8%)




	
Others

	
48 (8.8%)




	
Presence of LSTV

	
106 (19.4%)




	
Male

	
61 (58%)




	
Female

	
45 (42%)




	
Castellvi Classification

	




	
Type IIA

	
46 (44%)




	
Type IIB

	
17 (16%)




	
Type IIIA

	
9 (8.3%)




	
Type IIIB

	
30 (27.5%)




	
Type IV

	
4 (3.7%)




	
Pfirrmann grading at LSTV level (n = 106)




	
Grade II

	
3 (3%)




	
Grade III

	
26 (25%)




	
Grade IV

	
67 (63%)




	
Grade V

	
10 (9%)








* Values are presented as mean ± standard deviation or n (%).
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Table 2. Comparison of disc degeneration at the suprajacent level.
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Pfirrmann Grading

	
Number of Patients as per Pfirrmann Grading *

	
Statistical Significance (p) c




	
LSTV Patients a (n = 106)

	
Non-LSTV Patients b (n = 439)






	
Grade I

	
0 (0%)

	
2 (0.5%)

	
1




	
Grade II

	
1 (1%)

	
31 (7%)

	
0.01




	
Grade III

	
16 (15%)

	
121(28%)

	
0.008




	
Grade IV

	
82 (77%)

	
275 (63%)

	
0.004




	
Grade V

	
7 (7%)

	
10 (2%)

	
0.03








* Values are presented as n (%); a Numbers represent Pfirrmann grading of the last non-transitional disc level in patients with LSTV; b Numbers represent Pfirrmann grading of the last unfused (L5-S1) disc level in those without LSTV; c A p value of less than 0.05 is considered statistically significant.
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