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Abstract
Objective  The aim of this study was to invastigate the effect of the sacralization on the results of transforaminal epidural 
steroid injection for radicular low back pain.
Materials and methods  The study included 64 patients diagnosed with radicular low back pain due to unilateral and single-
level lumbar disk herniation. Patients were divided into 2 groups: patients with sacralization (Group S) and patients without 
lumbosacral transitional vertebrae (Group A). Injection was applied to the relevant level. Patients were evaluated with 
Numeric Rating Scale and Modified Oswestry Disability Index before, at week 3 and month 3 after the procedure. Sacraliza-
tion presence was determined by MRI. Sacralization was categorized by anteroposterior lumbar radiography using Castellvi 
classification. Treatment success was considered as ≥ 50% reduction in NRS scores.
Results  Numeric Rating Scale and Modified Oswestry Disability Index scores decreased in both groups on both week 3 and 
month 3 (p < 0.05). Pain scores of Group S (median value 5 (3–6)) were significantly higher than Group A ((median value 
3 (0–5)) in the third month follow-up (p = 0.026), but no significant difference was observed at other time points. There 
was no significant difference in Modified Oswestry Disability Index scores between the groups at all follow-ups (p > 0.05). 
Treatment success in the third month was 44.8% in Group S and 65.6% in Group A.
Conclusion  Transforaminal epidural steroid injection is an effective and safe method for radicular low back pain. Sacrali-
zation presence should be evaluated before treatment considering that it may be a risk factor reducing treatment success.

Keywords  Lumbar radicular pain · Low back pain · Transforaminal epidural steroid injection · Sacralization · Lumbosacral 
transitional vertebrae

Introduction

Lumbar disk herniation (LDH) is a very common condition 
that can cause radicular low back pain (RLBP) [1]. Pain is 
attributed to mechanical compression of the spinal nerve 
root by the herniated disk and/or local inflammation trig-
gered by chemokines and enzymes spread around the nerve 

root [2]. Transforaminal epidural steroid injection (TFESI) 
is a common and safe treatment method that is effective in 
the short term in non-surgical treatment of RLBP [3]. It is 
target-specific. It is preferred over caudal and interlaminary 
epidural steroid injection because it allows direct injection 
to the anterior epidural space where pathological changes 
caused by LDH on the spinal nerve root are seen [4, 5]. With 
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the recent popularity of spinal interventional pain treatment 
methods, more patients have received these treatments which 
have led to a significant increase in treatment costs. For that 
reason, it is important for clinicians to determine the factors 
that may affect the treatment success of TFESI. [2].

Lumbosacral transitional vertebrae (LSTV) are a com-
mon spinal congenital variation. In patients with LSTV, the 
transverse process of the lowest lumbar vertebrae makes a 
unilateral or bilateral joint with the sacrum [6]. Its preva-
lence in the general population is between 7 and 36% [7]. 
LSTV covers a spectrum of conditions from partial or full L5 
sacralization to partial or full S1 lumbarization [8]. Accord-
ing to the Castellvi classification, LSTV is classified into four 
types according to the relationship of the transverse process 
with the sacrum [9]. There are numerous studies that report 
that LSTV is associated with increased lower back pain [7, 
10–13]. It is thought that low back pain may be due to the 
degenerative process caused by altered biomechanics [14].

There are studies in the literature examining various clinical 
and radiological parameters that may have an impact on the 
treatment success of lumbar TFESI [2, 4, 15, 16]. However, 
there are limited studies evaluating the effect of LSTV pres-
ence on TFESI treatment outcomes and the results are contra-
dictory [2, 17]. Son et al. reported that lumbarization had no 
effect on TFESI treatment outcomes while sacralization had 
a negative affect [17]. In addition, Sencan et al. reported that 
LSTV had no effect on TFESI treatment success [2].

The aim of the present study was to investigate the effect 
of sacralization presence on TFESI success in LDH-related 
RLBP treatment. Our hypothesis is that the presence of 
sacralization reduces the treatment success of TFESI.

Materials and methods

This prospective randomized assessor blinded study was 
conducted in the pain medicine department of a tertiary 
care center. Sixty-four patients diagnosed with L5-S1 level 
LDH-related RLBP as a result of clinical examination and 
lumbar magnetic resonance imaging (MRI) evaluations were 
included in the study. Patients were divided into two groups 
as those with sacralization (Group S) and those without 
LSTV (Group A) (Fig. 1).

Inclusion criteria were as follows: (1) between the ages of 
18 and 65 years; (2) presence of sacralization of L5 vertebrae 
in MRI evaluation; (3) presence of type 2, type 3, or type 
4 LSTV according to Castellvi classification; (4) symptom 
duration longer than 3 months; (5) NRS pain score ≥ 4; and 
(6) presence of paracentrally localized LDH at L5-S1 level 
and unilateral L5 or S1 spinal nerve root compression in MRI.

Exclusion criteria were as follows: (1) presence of lum-
barization of S1 vertebrae in MRI evaluation; (2) presence of 
type 1 LSTV according to Castellvi classification; (3) bilateral 

radicular pain; (4) presence of LDH at multiple levels; (5) pre-
vious lumbar spinal surgery; (6) presence of lumbar forami-
nal or central canal stenosis; (7) presence of spondylolysis or 
spondylolisthesis; (8) having lumbar epidural steroid injection 
last 6 months; and (9) pregnancy. Son et al. reported that lum-
barization had no effect on TFESI treatment outcomes [17]. 
Therefore, the presence of lumbarization was considered a 
reason for exclusion in this study.

The decision at which lumbar level to apply TFESI was 
made by a physiatrist who performed the physical examina-
tion of the patients and evaluated lumbar MRI. The same 
physiatrist also determined the root compression grade in 
lumbar MRI. The same physiatrist examined the lumbar 
MRI of the patients to assess the presence of sacralization 
and categorized the patients according to Castellvi classifi-
cation in anteroposterior lumbar radiography. Another phy-
siatrist blinded to patient groups recorded demographic data 
of patients, body mass index (BMI), symptom duration, and 
the lumbar level applied to TFESI. The second physiatrist 
was also responsible for the follow-up process after TFESI 
and the evaluation of treatment outcomes. The procedures 
were performed under fluoroscopy guidance by a pain medi-
cine specialist with at least 10 years of experience.

Ethics committee approval was obtained from Marmara 
University Ethics Committee (No:09.2013.0352). Patients 
were informed about the study and written consent forms 
were obtained from all patients included in the study. The 
study was conducted in accordance with the principles of the 
Declaration of Helsinki.

Outcome measures

Pain severity was evaluated with Numerical Rating Scale 
(NRS) (0 to 10, verbal) before the procedure as well as 
1 h, 3 weeks, and 3 months after the procedure. Functional 
impairment was assessed with the Modified Oswestry Dis-
ability Index (MODI) before the procedure as well as at 
week 3 and month 3 after the procedure. MODI consists 
of 10 questions, each scored between 0 and 5. These ques-
tions evaluate pain severity, personal care, lifting, walking, 
sitting, standing, sleeping, social life, pain, and change in 
pain during travel. Higher scores indicate higher disability 
[18]. The criterion for treatment success was determined as 
50% or more reduction in NRS scores in the 3rd month after 
TFESI compared to pre-treatment [2].

Radiological assessment

Radiological evaluation was made by a physiatrist. Cervico-
thoracic sagittal scout images were used as the gold standard 
method for enumeration of the lumbar vertebrae [19]. All 
images were acquired with a 3.0 Tesla MR device (Verio, Sie-
mens Healthcare, Erlangen, Germany) using dedicated lumbar 
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spinal coil with standard lumbar MR protocol and without 
contrast material. All studies included T2-weighted turbo spin 
echo (TSE) whole spinal column counter images. For the lum-
bosacral vertebral imaging, sagittal and axial T1-weighted TSE 
(TR/TE: 380/9.4 ms) and T2-weighted TSE (TR/TE: 3390/106) 
were obtained. Axial images had a matrix of 256 × 133 with 
a slice thickness of 4 mm and a gap of 0.4 mm and sagittal 
images had a matrix of 256 × 320 with a slice thickness of 4 mm 
and a gap of 0.4 mm.Vertebrae were numbered from C2 to cau-
dal with cross-referenced cervicothoracic and lumbar sagittal 
MRI scans. Sacralization presence was recorded based on the 
number and enumeration of vertebrae.

LSTV typing was performed using the Castellvi classi-
fication in anteroposterior lumbar radiography. According 
to the Castellvi classification, lumbosacral transitional ver-
tebrae consist of four types. Type 1, dysplastic transverse 

process with a width of at least 19 mm, unilateral (1A) 
or bilateral (1B). Type 2, incomplete fusion of the trans-
verse process and sacrum, unilateral (2A) or bilateral (2B). 
Type 3, complete bone fusion of the transverse process 
and sacrum, unilateral (3A) or bilateral (3B). Type 4 is the 
mixed type (Fig. 2) [8].

Nerve root compression grade was evaluated in axial 
T2-weigheted images and sagittal T1-weighted images. 
The Pfirrmann grading system, developed and modified 
for central and subarticular disk herniation, was used for 
grading spinal nerve root compression. [20].

Procedure

The patient was taken to the operation room and intrave-
nous vascular access was established. Patient was placed 

Fig. 1   Flow diagram of the 
study
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in the prone position and monitorized. The injection site 
was cleaned with povidone iodine and skin antisepsis was 
provided. Sterile cover was placed. The fluoroscopy was 
positioned in an oblique and cranial angle and the foramen 
to be injected was displayed. Anesthesia was provided in 
skin and subcutaneous tissue with 3 cc (2%) prilocain. 
With fluoroscopy guidance, the needle entry location 
was determined under the relevant pedicule at the area 
called “safe triangle.” The 22 G 3.5-inch spinal needle 
was advanced towards the epidural area with coaxial tech-
nique. After progressing the needle to posterior one-third 
of the relevant foramen in lateral imaging, 1–2 cc contrast 

medium was injected and epidural spread was checked. 
Then, the epidural spread of the contrast medium was 
confirmed for the second time by anteroposterior image 
(Fig. 3). Afterwards, the mixture of 4 mg betamethasone, 
1 cc saline, and 1 cc (0.5%) bupivacaine was injected. 
Patients who did not have any complications in the 1st 
hour after the procedure were discharged.

Statistical analysis

Descriptive statistics were presented as median and percen-
tiles. Categorical variables were examined by Pearson’s chi 

Fig. 2   Schematic representa-
tion of the types of lumbosacral 
transitional vertebrae according 
to Castellvi classification
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square test. Friedman test and post hoc Dunn test were used 
for periodic comparisons. Scores of patients with and without 
LSTV were compared with the Mann–Whitney U test. P < 0.05 

was accepted as statistically significant in all analyses. SPSS 
version 23 program was used for statistical analysis.

G power version 3.1.9.2 was used for statistical power anal-
ysis (t-test) of variance. Fixed effects, main effects and interac-
tions, and type of power analysis were selected as a priori: the 
power of the study was calculated as 0.80 with 0.05 error level 
and a sample size of 29 patients for each group [21].

Results

A total of 64 patients with LDH (32 in Group S and Group 
A) were included in the study. In Group S, 3 patients were 
excluded from the study because they did not show up for fol-
low-ups. Group S consisted of 16 female and 13 male patients 
whereas Group A consisted of 18 female and 14 male patients 
(Fig. 1). The median age was 42 (35–49) years in group S 
and 47 (39–50.5) years in group A. No significant difference 
was found between the groups in terms of demographic data 
(P > 0.05) (Table 1) (Table 2). The median symptom duration 
was 12 (6–14) months in Group S and 10 (5–15) months in 
group A. TFESI was performed on L5 and S1 nerve roots in 19 
and 10 patients in Group S, respectively. In Group A, TFESI 
was performed on L5 and S1 nerve roots in 20 and 12 patients, 
respectively. The groups were similar in terms of symptom 
duration, BMI, injection levels, and root compression degree 
due to disk herniation (P > 0.05) (Table 1) (Table 2).

Fig. 3   According to the Castellvi classification, type 2B lumbosacral 
transitional vertebrae are shown in the figure. Left L5 transforaminal 
epidural steroid injection. Epidural spread of contrast agent in the left 
L5 foramen on anteroposterior imaging

Table 1   The descriptive values 
of the categorical features of the 
groups

LSTV, lumbosacral transitional vertebrae; N, sample size

Group S (Sacralization 
present)

Group A (LSTV absent) P

N % N %

Sex Female 16 55.2 18 56.3 0.933
Male 13 44.8 14 43.8

Level of injection L5 19 65.5 20 62.5 0.806
S1 10 34.5 12 37.5

Nerve root compression 
(grade)

1 15 51.7 16 50.0 0.740
2 11 37.9 13 40.6
3 2 6.9 3 9.4
4 1 3.4 0 0.0

Table 2   Descriptive values of 
numerical characteristics in 
groups

LSTV, lumbosacral transitional vertebrae; BMI, body mass index; N, sample size; SD, strandart deviation

Group S (sacralization present) Group A (LSTV absent) P

N 25th Median 75th N 25th Median 75th

Age (year) 29 35.0 42.0 49.0 32 39.0 47.0 50.5 0.726
BMI 29 25.1 27.8 31.3 32 25.3 27.4 30.2 0.606
Symptom dura-

tion (month)
29 6.0 12.0 14.0 32 5.0 10.0 15.0 0.743
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NRS and MODI scores improved in all measurement peri-
ods in both groups (P < 0.001) (Table 3) (Fig. 4). Three months 
after TFESI, NRS scores were significantly higher in Group S 
(median value 5 (3–6)) compared to Group A ((median value 3 
(0–5)) (P = 0.026). There was no significant difference in NRS 
and ODI scores between groups in other measurement points 
(P > 0.05) (Table 3). Treatment success in the first hour was 
96.5% in group S and 96.3% in group A. Treatment success in 
the third month was 44.8% in group S and 65.6% in Group A.

According to Castellvi classification, LSTV was type 2A 
in 4 patients, type 2B in 6 patients, type 3A in 5 patients, 
type 3B in 5 patients, and type 4 in 9 patients in Group S. 
Subgroup analysis was performed; it was determined that 
NRS and disability scores were higher in the type 3B LSTV 
group, and the disability scores were higher in the type 2B 
LSTV group at the 3rd week (P < 0.05). In the third month, 
although NRS and MODI scores were higher in the type 3B 
LSTV group, there was no significant difference.

During the procedure, the needle was repositioned in one 
patient in Group S due to intravascular contrast filling pat-
tern and hypotension due to vasovagal reaction developed in 
two patients in both groups. Nevertheless, the procedure was 
completed. In addition, lower extremity motor blocks were 
seen in one patient in group S and two patients in group A. 
After a short period of monitoring, the motor block disap-
peared completely. No serious complications associated with 
the procedure were observed in either group.

Discussion

The aim of the study was to examine the effect of sacrali-
zation presence on TFESI treatment success in patients 
with unilateral RLBP due to LDH. The results showed 
that both patient groups with sacralization and without 
LSTV exhibited decreased pain severity and functional 

Table 3   Distribution of time-
dependent changes in scale 
scores between groups

LSTV lumbosacral transitional vertebrae, NRS numerical rating scale, MODI modified Oswestry Disability 
Index, N sample size; SD standart deviation

Group S (sacralization present) Group A (LSTV absent)

N 25th Median 75th N 25th Median 75th P

NRS before injection 29 7.0 8.0 9.0 32 7.0 8.0 10.0 0.734
NRS at hour 1 29 0 0 2.0 32 0 0 1.5 1.000
NRS week 3 29 0 2.0 4.0 32 0 2.0 3.5 0.739
NRS month 3 29 3.0 5.0 6.0 32 0 3.0 5.0 0.026
P  < 0.001  < 0.001
MODI before injection 29 42.0 52.0 60.0 32 39.0 50.0 64.0 0.712
MODI week 3 29 8.0 24.0 40.0 32 16.0 20.0 30.0 0.908
MODI month 3 29 12.0 28.0 46.0 32 16.0 22.0 40.0 0.470
P  < 0.001  < 0.001

Fig. 4   Change from baseline in 
Numerical Rating Scale (NRS) 
scores. LSTV: lumbosacral 
transitional vertebrae
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improvement during the 3-month follow-up after TFESI. 
There was no significant difference between the groups in 
terms of demographic characteristics, clinical data, and 
nerve root compression grade. However, pain scores in the 
3rd month were significantly higher in the patient group 
with sacralization compared to patients without LSTV. 
Treatment success in the third month was 65.6% in patients 
without LSTV and 44.8% in patients with sacralization. 
These results support our hypothesis that the presence of 
sacralization reduces the treatment success of TFESI.

Although the pathophysiological mechanism associ-
ated with LSTV and lower back pain is not fully clarified, 
numerous studies in the literature have clearly demon-
strated the relationship between LSTV and lower back 
pain [22–26]. Bezuidenhout et al. described the associa-
tion of LSTV pseudoarthroses with S1 nerve root com-
pression due to degenerative stenosis of the nerve root 
canal [22]. Otani et al. reported that the presence of LSTV 
may be a risk factor for the development of nerve root 
symptoms in patients with lumbar canal stenosis without 
LDH or spondylolisthesis [23]. Elster likened hypermo-
bility developing in the disk above the level of LSTV to 
adjacent segment disease, which can be seen after fusion 
surgery in spinal segments [24]. Hypermobility in the 
lumbar intervertebral disk and altered torque moments 
on the disk are thought to expose the disk and facet joints 
to an increased risk of accelerated degeneration. In a 
recent study supporting this hypothesis, it was reported 
that there was more lumbar degeneration in LSTV type 
2, 3, and 4 compared with the control group [25]. Luoma 
et al. reported that the iliolumbar ligaments above the 
LSTV are thin and weak, thus predisposing this level to 
hypermobility and early degeneration [26]. In light of the 
findings above, we believe that these mechanisms played 
a role in the high pain scores in the 3rd month and the low 
treatment success in patients with sacralization.

Although there are numerous studies investigating 
various clinical and radiological parameters that may 
have an impact on TFESI treatment success, there are 
only two studies in the literature examining the effect of 
LSTV on TFESI treatment success [2, 17]. In a recent 
study conducted by Sencan et al., LSTV was detected in 
18 (8.2%) of the 219 patients who underwent TFESI with 
the diagnosis of unilateral radiculopathy due to LDH. The 
authors reported that the presence of LSTV had no effect 
on treatment success in the third month after TFESI [2]. 
In the present study, however, the presence of sacralization 
negatively affected treatment success. This difference may 
be due to the small sample size of patients with LSTV, 
retrospective study design, and the subtypes of LSTV 
included in the study. Unlike Sencan et al.’s study, LSTV 
type 1, which was reported to be not often associated with 
low back pain, was not included in the present study [12]. 

In addition, lumbarization, which was reported to have 
no effect on treatment outcomes, was not included [17]. 
Furthermore, power analysis result showed that sufficient 
number of patients was reached in both patient groups. Son 
et al. detected LSTV in 47 (33 sacralization, 14 lumbariza-
tion) of 291 patients who underwent TFESI due to LDH. 
The authors reported that there was no significant differ-
ence in pain and disability scores in the 1st and 3rd months 
in patients with sacralization compared to the other two 
groups, whereas pain and disability scores were signifi-
cantly higher in the 6th month and 1st year [17]. Patients 
were not followed up for a long period of time in the pre-
sent study, and we found that pain scores were higher in 
patients with sacralization in the 3rd month, but there was 
no significant difference in disability scores. There may be 
several explanations for the significant difference observed 
in pain scores in the third month, unlike the results of 
Son et al. [17]. In the present study, patients with single-
level and only paracentrally localized LDH-related root 
compression were included in the evaluation. In addition, 
there was no difference between the groups in terms of 
root compression grades according to the modified Priff-
man classification [20]. Furthermore, LSTV type 1, whose 
effect on low back pain is controversial, was not included 
in the study [12]. Therefore, the study was completed with 
a more specific and homogeneous patient group.

Although Apazidis et al. reported that the most common 
type of LSTV is type 1A with a prevalence of 14.7%, type 
1 is generally considered to have no clinical significance 
and does not require further attention in clinical practice 
[9, 27]. In fact, it is thought to be a potentially protective 
factor from low back pain with the change in spinal mobil-
ity induced by wide transverse processes by preventing 
bending [12]. Tang et al. similarly reported that the most 
common type of LSTV was type 1, but type 2 and type 
4 were associated with lower back pain and gluteal pain 
[12]. Therefore, type 1 LSTV was excluded from the pre-
sent study and the patient group included LSTV type 2, 3, 
and 4, which are thought to be more associated with lower 
back pain. Subgroup analysis revealed that NRS and dis-
ability scores were higher in type 3B LSTV group and dis-
ability scores were higher in type 2B LSTV group on week 
3. Similarly, type 3B LSTV group had higher pain and 
disability scores on month 3, but there was no significant 
difference. In type 2B and type 3B LSTV, where fusion-
related articulation between bilateral transverse processes 
of the lower lumbar vertebrae and the sacrum is seen, 
sacrum movement is restricted at a greater rate compared 
to other types [28]. Worse treatment outcomes in type 2B 
and type 3B may be associated with this phenomenon.

Determining the correct level in TFESI, which targets 
the foramen that the nerve root under compression exits, is 
extremely important for treatment success [29]. Counting 
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based on 12th level in antero-posterior lumbar X-ray is not 
a reliable method for enumeration of lumbar vertebrae. For 
this reason, we used cervicothoracic sagittal scout MRI 
images, which are considered the gold standard for level 
determination before TFESI [19]. In the present study, 
treatment success in the 1st hour after the procedure was 
96.5% in patients with sacralization, which supports the 
role of MRI in level determination in the patient group 
with sacralization. In addition, pain score decreased and 
functional improvement was observed in both patient 
groups 3 months after TFESI. In this respect, the results of 
the present study are consistent with other studies report-
ing that TFESI is an effective treatment in the short term 
for RLBP due to LDH [4, 30].

There are certain limitations of the present study. These 
include the lack of long-term follow-up, low number of 
patients in sacralization subgroups, and the use of particu-
late steroids in TFESI. Although there are studies report-
ing that the use of particulate or non-particulate steroids in 
TFESI makes no difference in terms of treatment outcomes 
while other studies report that the use of particulate steroids 
can lead to serious neurological complications, this issue is 
still controversial [31]. Particulate steroids were preferred in 
the present study based on literature evidence showing that 
particulate steroids are more effective in the long term [32]. 
Furthermore, no serious complications other than minor side 
effects were observed in both patient groups. The prospective 
design of the study, addressing a specific and homogeneous 
patient population, and the contributions to a subject with 
limited literature data are the strengths of the study. Further 
prospective studies are needed to investigate the biomechani-
cal changes created by LSTV subtypes and their impact on 
TFESI treatment outcomes.

TFESI is an effective and reliable treatment option for 
RLBP due to LDH that provides short-term reduction in 
pain severity and functional improvement. The presence of 
sacralization, especially type 3B, negatively affects TFESI 
treatment outcomes and is associated with low treatment 
success. Sacralization presence should be evaluated before 
treatment considering that it may be a risk factor reducing 
TFESI treatment success. In addition, MRI evaluation before 
TFESI is important not only in diagnosis, but also in deter-
mining the correct injection level in the presence of LSTV.
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