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Abstract
Background The association of LSTV with low back pain has been debated in the literature for nearly a century, but 
the relationship between LSTV and spondylolisthesis is still under discussion. There is currently no valid information 
about LSTV’s prevalence in Iran. This study investigated the relationship between the presence of LSTV and 
lumbosacral spondylolisthesis regarding frequency, gender and age variation, grade and level of spondylolisthesis, 
and clinical signs and symptoms.

Methods This cross-sectional study included spondylolisthesis patients admitted for surgery between March 2021 
to December 2022. All patients underwent CT imaging. After evaluating medical records, the baseline data were 
collected. Patients were categorized into No LSTV, Sacralization, and Lumbarization groups. Demographic and clinical 
characteristics of the studied groups were compared using an independent T-test and Chi-Square. Multiple logistic 
regression was used to assess the age and sex variations between groups.

Results 219 patients with a mean age of 57.07 ± 11.04 were included. A significant relationship was observed 
between the presence of sacralization and gender diversity with female predominance (P = 0.01). The level of 
spondylolisthesis and the presence of motor deficits (paresis) significantly differed among study groups (P < 0.05). 
Sacralization group exhibited a greater prevalence of higher grades of listhesis compared to the other groups.

Conclusions LSTV is frequently seen in spondylolisthesis patients. Sacralization is the common type of LSTV in 
spondylolisthesis patients, possibly leading to an increased risk for higher grades of vertebral slip and higher rates of 
motor deficit signs and symptoms. The presence of sacralization results in a significant increase in the incidence of 
higher levels of spondylolisthesis, especially the L4-L5*(sacralized L5) level. There is no relationship between age and 
the presence of LSTV in spondylolisthesis.
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Background
Lumbosacral transitional vertebrae (LSTV) are congeni-
tal spinal anomalies where an elongated transverse pro-
cess of the last lumbar vertebra (L5) fuses with the first 
sacral segment in variable degrees. LSTV, as a morpho-
logical variation, ranges from partial/complete sacraliza-
tion of L5 to partial/complete lumbarization of S1 [1]. In 
fact, sacralization is a condition where the L5 is at least 
partially connected directly to the sacral bone. Lumbar-
ization occurs when the first sacral segment (S1) is not 
completely fused with the second sacral segment (S2). 
Accordingly, there is an additional articulated vertebra 
which is anatomically defined as the last lumbar vertebra. 
In most cases, the transition is incomplete or unilateral 
[2]. The prevalence of LSTV in the normal population 
varies among different studies, ranging from 4 to 36% in 
various reports [3]. A wide range of LSTV prevalence is 
likely due to differences in individual diagnostic and clas-
sification criteria, observer error, imaging techniques, 
and confounding factors within the studied population 
[3]. LSTVs are usually asymptomatic without any clini-
cal signs or symptoms and are discovered almost always 
incidentally by imaging for other purposes. However, for 
nearly a century, the literature has debated the correla-
tion between LSTV and low back pain [4].

Low back pain (LBP) is one of the most common 
causes of adult disability. A lumbar segmental instability 
(LSI) might be one of the causes of LBP. LSI prevalence 
can be as high as 57% of patients with chronic LBP [5]. 
The LSI is related to the proper and balanced working of 
the three subsystems: active, passive, and neural control 
[6]. The abnormal function of one of them can lead to 
an overload of others and cause pain and reduced qual-
ity of life [7]. LSI symptoms might lead to spondylolis-
thesis [6, 8]. However, LSI is difficult to define, whether 
or not spondylolisthesis is involved [9]. Spondylolisthe-
sis recognized as another prevalent source of lower back 
pain [10], represents a type of segmental instability that 
includes LSI [9, 10]. Spondylolisthesis can occur by many 
causes including degeneration, isthmic defect, dysplasia, 
or trauma [9, 11]. Nevertheless, the “isthmic,” associated 
with spondylolysis, and “degenerative,” related to degen-
eration of the posterior facet joints and/or intervertebral 
disc are considered two major etiologies of spondylolis-
thesis. Degenerative spondylolisthesis occurs mainly at 
the L4-L5 level [12, 13] as opposed to isthmic spondy-
lolisthesis, which occurs most often at the lumbosacral 
level (L5-S1) [14]. Grade I spondylolisthesis accounts 
for approximately 75% of all cases [15]. The treatment of 
spondylolisthesis can be conservative or invasive. Despite 
conservative treatment recommendations, most spon-
dylolisthesis patients will eventually necessitate inva-
sive treatment. Besides, many spondylolisthesis patients 
are diagnosed when they meet the criteria for invasive 

treatment. The most common types of surgery used to 
correct spondylolisthesis are laminectomy and/or fusion 
(conventional or interbody fusion). In most cases, both 
procedures are combined, which results in a clinically 
significant improvement compared to laminectomy alone 
[16].

Although the association of LSTV with low back pain 
has been debated in the literature [4, 17], the relationship 
between LSTV and spondylolisthesis is still under discus-
sion. In addition, there is currently no valid information 
about LSTV’s prevalence in Iran. Hence, this study inves-
tigated the relationship between the presence of LSTV 
and lumbosacral spondylolisthesis regarding frequency, 
sex, age, grade, and level of spondylolisthesis and clinical 
signs and symptoms.

Materials and methods
Study design and participants
This cross-sectional study was conducted from March 
2021 to December 2022 to evaluate the population of 
spondylolisthesis patients who were admitted for surgery 
to Kashani and Alzahra hospitals in Isfahan, Iran. All 
patients aged 18 to 85 with a diagnosis of spondylolisthe-
sis admitted for surgery were included in the study. This 
study also encompassed patients with grade 1 spondylo-
listhesis (according to the Meyerding classification) who, 
despite lifestyle changes, medication intake, and use of 
braces, were resistant to conservative medical treatment 
and were subsequently referred for surgery. Patients with 
the following criteria were excluded from the (1) incom-
plete or unreliable medical records; (2) under simultane-
ous treatment of other diseases besides spondylolisthesis 
during hospitalization; (3) temporary hospitalization 
for nerve block interventions during the study period in 
people diagnosed with spondylolisthesis or treated before 
March 2021; (4) malignancy with or without chemo-
therapy; (5) taking an immunosuppressant medications 
or hormone replacement therapy; (6) history of docu-
mented spinal osteomyelitis, spinal discopathy, herni-
ated disc, spinal stenosis or rheumatologic diseases; (7) 
history of previous CNS surgery or spinal injury due to 
trauma.; (8) lack of consent to participate or perform CT 
imaging. The study was approved by the ethics commit-
tee of the Isfahan University of Medical Sciences (IR.
MUI.MED.REC.1400.101) in accordance with the World 
Medical Association’s code of ethics (Declaration of Hel-
sinki, revised in Brazil 2013). Written informed consent 
was obtained from all participants.

Data collection
279 patients were initially identified and evaluated 
according to the inclusion criteria. The researchers con-
tacted the identified patients and informed them about 
the study. The research objectives and the required 
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information were clearly explained to all patients. After 
obtaining consent from patients, all patients underwent 
CT imaging at the expense of the research group and 
were subsequently evaluated based on their CT scans 
(Fig. 1). The medical records were then evaluated regard-
ing age, sex, clinical signs and symptoms, presence or 
absence of LSTV, type of LSTV based on the Castellvi 
classification, and the level and grade of spondylolisthe-
sis according to the Meyerding classification. Patients 
were then divided into No LSTV, Sacralization, and Lum-
barization groups. In addition, signs and symptoms were 
categorized into four main classes, including (1) Low 
back pain (LBP) with disability assessed by the Oswestry 
Disability Index (ODI) [18]; (2) Lower limb paresthesia; 
(3) Motor deficit (i.e., presence of paresis or plegia); (4) 
Sphincter dysfunction.

The Oswestry Disability Index (ODI) and Meyerding and 
Castellvi classifications
ODI is the most commonly used questionnaire for dis-
ability due to low back pain in a hospital setting. It is a 
self-administered questionnaire divided into ten sec-
tions designed to assess the limitations of various activi-
ties of daily living. Each section is scored on a 0–5 scale, 
with 5 representing the greatest disability. The index 
is calculated by dividing the summed score by the total 
possible score, which is then multiplied by 2 to obtain 
the index and expressed as a percentage. Therefore, the 

denominator is reduced by 5 for every question not 
answered. If a patient marks multiple statements in a 
question, the highest-scoring statement is recorded as a 
true indication of disability. Zero is equal to no disability; 
a score of 0–20 reflects minimal disability, 21–40 moder-
ate disability, 41–60 severe disability, 61–80 crippled, and 
81–100 bed-bound. The treatment type is decided based 
on the clinical signs and symptoms and the degree of the 
patient’s disability. Patients with the progression of signs 
and symptoms and/or significant disability because of 
pain (ODI > 40%) and/or failure to respond to at least 6 
months of conservative therapy; are a candidate for sur-
gery [19]. Indeed, all of the patients in our investigation 
met at least one of these conditions and underwent surgi-
cal treatment.

The Meyerding classification system is used to evaluate 
the degree of spondylolisthesis. It divides spondylolisthe-
sis into five grades, including Grade I (0–25%), Grade II 
(26–50%), Grade III (51–75%), Grade IV (76–100%), and 
Grade V, also known as spondylolisthesis (greater than 
100%) [20]. In general, grades I and II are generally con-
sidered low-grade slips, while Grades III, IV, and V are 
considered high-grade slips [21]. Using CT imaging, the 
grade percentage is determined by drawing a line through 
the posterior wall of the superior and inferior vertebral 
bodies and measuring the translation of the superior ver-
tebral body as a percentage of the distance between the 
two lines.

Fig. 1 Spondylolisthesis patients with sacralization and lumbarization. A: Spondylolisthesis with lumbarization at L5-L6 (lumbarized S1) level; B: Spondy-
lolisthesis with sacralization at L5*(sacralized L5)-S1 level
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The Castellvi classification is used for both sacraliza-
tion and lumbarization states [22] using CT imaging, 
and it classifies as follows: type I (enlarged and dysplas-
tic transverse process with a height of at least 19  mm); 
type II (pseudo-articulation of the transverse process 
and sacrum with incomplete lumbarization/sacralization 
and enlargement of the transverse process with pseudo 
arthrosis); type III (fusion of the transverse process with 
the sacrum, and the presence of a complete lumbariza-
tion or sacralization; and type IV (the combination of 
type IIa on one side and type IIIa on the contralateral 
side). In types I-III, terms a and b refer to unilateral and 
bilateral, respectively. In the present study, the sacralized 

L5 vertebra is symbolized as L5*. In addition, a lumbar-
ized condition is recognized by observation of a non-
complete fusion of S1 and S2 in CT imaging, indicating 
an additional articulated vertebra. To clarify this condi-
tion, in this study, the non-fused S1 vertebra is called L6, 
and the previous S2 segment is called nS1 as the new S1. 
Anatomically, the lumbar S1 is attached to the rest of the 
sacrum, similar to sacralized L5. Hence, Castellvi’s clas-
sification can also be used for a lumbarized state.

Statistical analysis
Data were collected as a checklist in the SPSS software 
version 22 and analyzed at a significance level of < 0.05. 
Results were presented as frequency (percentage) or 
Mean ± SD. The means of the variables were compared 
using the independent T-test and Chi-Square (X2). Addi-
tionally, multiple logistic regression analysis was used to 
assess the significance of age and sex variations in study 
groups.

Results
Demographics and morphological spinal features between 
No LSTV, Sacralization, and Lumbarization groups
Out of 279 identified patients, 60 patients were excluded. 
The mean age of spondylolisthesis patients in the No 
LSTV, Sacralization, and Lumbarization groups was 
57.6 ± 11, 56.3 ± 11.3, and 52.9 ± 9.7, respectively. Most 
patients in the No LSTV and Sacralization groups were 
female, while the Lumbarization group had an equal 
number of males and females. In this regard, significant 
variations in gender prevalence were found between the 
three groups (P < 0.05). More detailed information is pro-
vided in Table  1. The frequency of lumbarization and 
sacralization in spondylolisthesis patients was 4.5% and 
26%, respectively. A significant difference was observed 
in the level of spondylolisthesis in study groups (P < 0.05). 
In the sacralization group, there was a 70.2% prevalence 
for L4-L5* spondylolisthesis, while the predominant 
level in the No LSTV and Lumbarization groups was the 
L5-S1 and L5-L6 (lumbarized S1) levels with a preva-
lence of 67.8% and 100%, respectively. Moreover, 51.2% 
of patients with L4-L5 spondylolisthesis, had sacraliza-
tion. The listhesis grade had a trend toward significance 
among study groups (P = 0.053), with a significant differ-
ence observed for a lower percentage of grade I cases and 
a higher percentage of grade II cases in the Sacralization 
group compared to the No LSTV group (P = 0.009 and 
P = 0.020, respectively). Notably, the prevalence of higher 
grades of spondylolisthesis was higher in the Sacraliza-
tion group than in the other groups, with 56.1% of the 
Sacralization patients exhibiting grade II or III listhesis 
(Table 1).

Additionally, as shown in Table 2, all of the patients in 
the study had disabilities owing to low back pain, and all 

Table 1 Comparison of patients’ Demographics and 
Morphological Spinal Features between no LSTV, Sacralization, 
and Lumbarization groups
Variables No LSTV 

(n = 152)
Sacralization 
(n = 57)

Lumbariza-
tion (n = 10)

P-
val-
ue

Age (year), 
mean ± SD*

57.6 ± 11 56.3 ± 11.3 52.9 ± 9.7 0.362

M/F** (n) 66/86 14/43 5/5 0.034
% of female 56.6 75.4 50.0
Level of spondylolisthesisa, n (%)
L1-L2 0 0 0 0.001
L2-L3 2 (1.3) 0 0
L3-L4 9(5.9) 7(12.3) 0
L4-L5/L5* 38 (25) 40(70.2) 0
L5/L5*-S1 103(67.8) 10(17.5) 0
L5-L6 – – 10(100)
L6-nS1 – – 0
Grade of listhesis, n (%)
I 101(66.5) 25(43.9) 6(60) 0.053
II 49(32.2) 30(52.6) 4 (40)
III 2(1.3) 2(3.5) 0
IV 0 0 0
V 0 0 0
Castellvi classificationb, n (%)
Ia – 29(50.9) 0 0.001
Ib – 23(40.4) 0
IIa – 3(5.3) 0
IIb – 0 5(50)
IIIa – 1(1.8) 0
IIIb – 1(1.8) 3 (30)
IV – 0 2 (20)
a; The L5-L6 and L6-nS1 levels are only defined for the lumbarization group due 
to the presence of an additional lumbar vertebra which is actually the previous 
S1 vertebra defined in the normal anatomical state and is now called the L6 
vertebra. The nS1 vertebra is the previous S2 segment in the normal anatomical 
state, but in the lumbarized state, it is the new S1. The L5* denotes the sacralized 
L5 vertebra in the sacralization group. b; The Castellvi classification implies that 
the LSTV states classify the anatomical connection varieties at the junction of 
the lumbar spine and sacrum; therefore, it is not defined for the no LSTV group. 
As expected, the difference in the Castellvi classification between sacralization 
and Lumbarization groups was significant, which reflects the natural difference 
in the development of spinal vertebrae in these two states. *M: male, F: female, 
**SD: standard deviation. P-value < 0.05 is statistically significant
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patients had ODI scores above 20. The presence of par-
esthesia and sphincter dysfunction was insignificant 
between the three groups. However, the frequency of 
paresis was significant among the study groups (P < 0.05), 
and 82.4% of sacralized patients had at least some 
degree of it. No case of plegia was observed in our study 
(Table 2).

Comparison of age and sex variations between the study 
groups
For each of the three groups, the age and gender varia-
tion were compared to the other two groups by mul-
tiple logistic regression analysis, as shown in Table 3. In 
each group, the cut age was 60, according to the mean 
age presented in Table 1. Besides, although variations in 
age were not significant in any of the study groups, the 
gender differences were significant in the No LSTV (OR: 
1.937, 95% CI: 0.277–0.959) and Sacralization (OR: 0.417, 
95% CI: 0.212–0.822) groups, unlike the Lumbarization 
group.

Discussion
This study demonstrated that LSTV is commonly 
observed in patients with spondylolisthesis. So far, 
many studies have evaluated the relationship between 

the presence of LSTV, especially sacralization, in spon-
dylolisthesis and its clinical features. While some stud-
ies confirm the association of LSTV with an increased 
risk of degenerative changes over the transitional verte-
bra [23–26], conflicting findings also exist. For instance, 
Kong et al. reported no difference in the degree of ante-
rior slippage and disc degeneration between patients 
with and without L5 sacralization in a sample of patients 
with degenerative spondylolisthesis [27]. However, the 
sample size in their study was relatively small. Similarly, 
some others found no association between sacralization 
and spondylolisthesis [28]. In contrast, Benlidayi et al. 
pointed out that LSTV is linked with various structural 
changes (such as vertebral endplate/disc degeneration, 
spondylolisthesis, and disc protrusion) at the inter-
space immediately above the transitional segment [29]. 
Besides, some authors indicated that LSTV alters spino-
pelvic parameters, predisposing individuals to spondy-
lolisthesis and degenerative disc disease [29]. Yao et al. 
evaluated the association between lumbar sacralization 
and the degree of vertebral slippage and disc degenera-
tion in patients with L4 spondylolysis [30]. In their study, 
36% of the patients with L4 spondylolysis had sacraliza-
tion. Additionally, the authors found that vertebral slip 
and disc degeneration were significantly greater in the 
sacralization group than in the normal group. Therefore, 
they concluded that the increased stability between a 
sacralized L5 and the sacrum may predispose the L4-L5 
segment to greater instability and disc degeneration 
in patients with L4 spondylolysis. In our study, similar 
results were observed, and higher grades of listhesis were 
found in patients with sacralization, with a 56.1% preva-
lence for grades 2 and 3. From a biomechanical perspec-
tive, both the L5*(sacralized L5) vertebra in sacralization 
and the L6 (lumbarized S1) vertebra in lumbarization 
groups are, as mentioned earlier, at least partially con-
nected to the rest of the sacrum, and thus can be con-
sidered as part of the sacral bone. Accordingly, the last 
moveable lumbar vertebra in the sacralization state is 
the L4 vertebra, whereas, in the lumbarization state, it is 
the L6. Hence, the lumbosacral junction region, which is 
typically the most common site of spondylolisthesis, is 
at the L4-L5* and L5-L6 (lumbarized S1) levels in cases 
of sacralization and lumbarization, respectively. In the 
sacralization state, the number of moveable lumbar levels 
decreases, unlike the normal or lumbarized conditions. 
Consequently, the levels above the L4-L5* have to bear 
higher pressures. Hence, the sacralized L5 predisposes 
the cephalad segments to higher mobility and pressures, 
increasing the risk for higher grades of spondylolisthesis 
and disc degeneration. In this regard, in a similar study 
by Kim et al., the degree of anterior slippage was mea-
sured by Meyerding’s grading and the percentage of the 
Taillard method [31]. The authors demonstrated that 

Table 2 The frequency of each sign or symptom in No LSTV, 
Sacralization, and Lumbarization groups
Variables No 

LSTV
Sacralization Lumbarization P-

value
Pain, n (%) a 152 

(100)
57 (100) 10 (100) –

Paresthesia, 
n (%)

149 
(98)

57 (100) 10 (100) 0.798

Paresis/plegia 
b, n (%)

78 
(51.3)

47 (82.4) 5 (50) 0.001

Sphincter 
dysfunction, 
n (%)

13 (8.5) 8 (14) 0 0.430

a; All patients complained of Low Back Pain and ODI scores > 20. b; No case of 
plegia was observed among the patients. P-value < 0.05 is statistically significant

Table 3 Assessment of the significance of age and sex variations 
in No LSTV, Sacralization, and Lumbarization groups, by multiple 
logistic regression analysis
Variables OR* 95% C.I.** P-value
Absence (No LSTV) group
Age (> 60 vs. ≤60) 1.428 0.385–1.272 0.241
Sex (male vs. female) 1.937 0.277–0.959 0.035
Sacralization group
Age (> 60 vs. ≤60) 0.827 0.444–1.541 0.550
Sex (male vs. female) 0.417 0.212–0.822 0.010
Lumbarization group
Age (> 60 vs. ≤60) 0.358 0.074–1.725 0.183
Sex (male vs. female) 1.613 0.453–5.745 0.457
* C.I.: confidence interval; OR: odds ratio; P-value < 0.05 is statistically significant
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sacralized patients with spondylolisthesis exhibited sig-
nificantly higher L4 slip defects compared to both nor-
mal and lumbarized patients, whereas less slippage was 
observed at the L5 vertebra in comparison to the other 
two groups. In addition, they stated no significant differ-
ence was observed between the normal and lumbaraized 
groups. Therefore, they concluded that more aggressive 
treatment is recommended in patients with sacraliza-
tion and L4 isthmic defects [31]. These findings are con-
sistent with our results indicating a higher prevalence of 
L4-L5 listhesis in the sacralization group (70.2%). More-
over, in another study by Kong et al. [27], the incidence 
of L4-L5 listhesis was higher in sacralized L5 patients. 
However, contradictory to our study, they reported no 
significant differences in their four radiographic param-
eters (i.e., anterior slippage of L4 on L5, facet orientation 
of L4-L5, facet osteoarthritis of L4-L5, and disc degen-
eration of L4-L5) between the patients with and with-
out sacralization of L5. Nevertheless, their study had 
several limitations, including a small sample size that 
precludes definitive conclusions, and uncertainty regard-
ing whether the advanced arthritic changes of the facet 
joints and disc degeneration observed in degenerative 
spondylolisthesis are the cause or the result of the condi-
tion. In our observation, the incidence of L4-L5 listhesis 
in sacralized patients was higher compared to the other 
groups. In previous research, no significant difference 
was cited for age variation between normal and LSTV 
patients with spondylolisthesis [32]. However, there is 
controversy regarding the correlation between LSTV 
and gender [1, 33–35]. In this regard, Jancuska et al., in a 
review of symptomatic LSTV, stated that the prevalence 
of the male gender is significantly higher in the general 
population [1]. In contrast, a study by Dar et al. found 
that sacralization and spondylolisthesis were indepen-
dent of gender compared to patients with normal lumbo-
sacral anatomy [28]. In addition, in their investigation, no 
association between sacralization and spondylolisthesis 
was found, and hence, they indicated that sacralization 
should not be considered an etiology for the develop-
ment of spondylolisthesis [28]. In this study, the pres-
ence or absence of LSTV in spondylolisthesis patients 
was age-independent, but significant gender variation 
with female predominance was seen in the sacralization 
group. It must be noted that we have designed a strict cri-
terion to neutralize the effect of other potential risk fac-
tors and etiologies (e.g., spinal injury and major trauma, 
cancer, osteoporosis, etc.). In this regard, the main objec-
tive of the present study was to assess the exact cor-
relation between LSTV and spondylolisthesis as far as 
possible. Generally, it is possible that morphological, 
habitual, and occupational differences between male and 
female populations in different regions lead to various 
gender-related findings in different studies. However, no 

significant gender differences were observed in the Lum-
barization group, which may be influenced by the small 
number of these patients in the study and mandate fur-
ther evaluation.

To date, there is no valid information about the 
prevalence of LSTV in the general population of Iran. 
However, LSTV is a common finding in the general pop-
ulation, with a prevalence of 5–30% reported by other 
researchers and a higher prevalence for sacralization than 
lumbarization [36, 37]. The frequency of sacralization 
and lumbarization in spondylolisthesis patients in our 
study was 26% and 4.5%, respectively. These observations 
suggest that although LSTV is common in spondylolis-
thesis patients, it is not more frequent than its frequency 
in the general population. In this study, the significant 
presence of motor deficit signs and symptoms was also 
observed in the sacralization group, which may corre-
spond to the higher grades of spondylolisthesis and the 
probable co-existence of other non-diagnosed spinal and 
vertebral pathologies in sacralized patients. Although no 
remarkable investigation was performed on the clinical 
signs and symptoms in spondylolisthesis with LSTV, the 
significantly higher rate of motor deficit signs or symp-
toms in sacralization patients may be dedicated to other 
clinical effects of sacralization anomalies, which may be 
easily missed or hardly recognized. As mentioned earlier, 
Yao et al. stated that the presence of sacralization acceler-
ates lumbar disc degeneration above the level of sacral-
ized L5 [30]. In another study on 200 patients in China, 
the role of LSTV in the pathogenesis of lumbar disc her-
niation was evaluated, and it was noted that in patients 
with sacralization, a greater degree of disc degeneration 
and hernia, especially in higher segments, is compared 
to the normal population [38]. Besides, Hizal et al. found 
that LSTV is associated with a higher incidence of inter-
vertebral osteochondrosis and Modic type 2 changes 
[39]. Some other authors also found that LSTV increases 
the risk of lumbar degenerative spinal stenosis [34]. 
Overall, symptoms may originate from instability and 
degeneration of the levels above, as well as nerve root 
compression. Since each of the above processes is treated 
differently, it requires precision in the type and location 
of the pathology [17, 40–42].

Limitation
The current study had some limitations. Firstly, the num-
ber of spondylolisthesis patients with lumbarization was 
limited. Additionally, as the assessment of spinopelvic 
parameters was not the main objective of our study, rele-
vant data concerning the study groups (No LSTV, Sacral-
ization, and Lumbarization) in spondylolisthesis patients 
were not collected, which could have provided more 
information about our study groups. Furthermore, it’s 
important to note that our findings might vary in a larger 
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population with diverse ethnic backgrounds. Therefore, 
further multicenter studies with a more diverse popula-
tion are recommended.

Conclusions
LSTV is frequently seen in spondylolisthesis patients. 
Sacralization, the most frequent type of LSTV in spon-
dylolisthesis patients, possibly leads to an increased risk 
for higher grades of vertebral slip as well as higher rates 
of motor deficit signs and symptoms in spondylolisthe-
sis patients, probably due to biomechanical changes 
and hypermobility of segments above the sacralized 
L5 vertebra. The presence of sacralization significantly 
increases the incidence of higher levels of spondylolis-
thesis, especially the L4-L5*(sacralized L5) level. There is 
no relationship between age and the presence of LSTV in 
spondylolisthesis.
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