
INTRODUCTION 

Bertolotti syndrome (BS) is defined as low back pain aris-

ing from the presence of a lumbosacral transitional vertebra 

(LSTV). The LSTV possesses an extensive transverse process 

(TP) that is pseudoarticulated or fused with the sacrum or ili-

um. When the TP of the lumbar vertebra enlarges, it can cause 

disc-induced pain and restrict mobility [1]. 

The clinical symptoms of BS are complex because they can 

range from being entirely asymptomatic to exhibiting numer-

ous nonspecific symptoms. Complete asymptomatic cases are 

relatively rare, occurring in 13% of cases, and symptoms can 

arise from scoliosis joint arthropathy or strain in muscles such 

as the quadratus lumborum and iliopsoas [2]. Additionally, 
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neurological symptoms may occur due to nerve compression 

from disc pressure caused by the deformation of the transition-

al vertebra [3]. Symptoms associated with each of these causes 

require different treatments. 

The diagnosis of BS is made through clinical symptoms and 

radiographic examinations, identifying the syndrome as caused 

by LSTV. According to the literature, the prevalence of this 

syndrome widely varies, between 4%–35%, and its similarity to 

other diseases presenting with lower back pain may result in 

misdiagnosis. Moreover, the clinical symptoms of BS often do 

not correlate with radiographic findings, complicating radio-

logical differentiation [4]. 

The optimal treatment method for BS is still under investiga-

tion and remains a topic of debate. Initially, treatment includes 
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conservative management, local injections, radiofrequency 

ablation, and surgery [5]. Conservative treatments, including 

physical therapy and pharmacological treatment with non-

steroidal anti-inflammatory drugs, are recommended at the 

outset. If conservative treatment fails to provide relief, further 

interventions such as local injections, steroid injections, and 

surgical resection or fusion may be considered. Although many 

treatable approaches for BS exist, standardized treatment pro-

tocols and management strategies remain lacking. Therefore, 

identifying the mechanism and cause of pain is crucial in treat-

ing BS. 

This review addresses the overall understanding of LSTV 

and the current surgical treatments. It focuses on establishing 

strategies for surgical intervention tailored to the various pain 

patterns that can arise from LSTV, presenting various methods 

to this end. This review highlights the importance of compiling 

all reported endoscopic surgeries for LSTV that consider their 

advancements. 

PREVALENCE 

LSTV possess a broad estimated prevalence range in the 

general population, from 4% to 36%, with an overall average of 

12.3% [6]. The prevalence of LSTV is generally higher in men 

than in women, with some studies indicating it to be at least 

twice as high. Among the forms of LSTV, sacralization of L5 is 

more common in men, whereas accessory L5–S1 articulation 

and S1 lumbar articulation are more frequent in women [7]. 

The occurrence of LSTV in families with an increased incidence 

suggests a genetic factor, with the HOX10/HOX11 genes im-

pacting the axial patterning of the lumbar and sacral vertebrae. 

Mutations in these genes could play a role in the formation of 

LSTV [8]. 

Although LSTV has a high prevalence in the overall popula-

tion, most cases are asymptomatic, and whether LSTV is truly 

a cause of lower back pain remains controversial. Castellvi 

posited that the pain derives from abnormalities in the lumbar 

region, while others have argued that the severity of pain and 

backache is unrelated to LSTV [9,10]. Tini et al. [11] found no 

significant difference in the prevalence of LSTV between pa-

tients with and without lower back pain, concluding that LSTV 

may predict LBP. However, the presence of LBP does not neces-

sarily predict the existence of LSTV. This uncertainty regarding 

the association between lower back pain and LSTV complicates 

the determination of the actual incidence rate among patients 

with BS. Quinlan et al. [12], in a study of consecutive magnetic 

resonance imaging (MRI) scans of 769 patients with lower back 

pain, found that 11.4% of those under 30 had LSTV, with an av-

erage age of 32.5 years among patients with LSTV. Understand-

ing that LSTV affects a considerable proportion of the younger 

population is important. 

PATHOPHYSIOLOGY 

The symptoms of BS are nonspecific. Despite ongoing de-

bate over the past century regarding the association between 

LSTV and lower back pain, numerous studies have pondered 

how the presence of LSTV can induce lower back pain. Sever-

al theories include: (1) pain secondary to arthritic changes of 

the pathological joint [13]; (2) pain related to accelerated disc 

degeneration at the level just above the LSTV [14]; (3) contra-

lateral facetogenic pain due to abnormal stress placed on the 

contralateral facet joint [15]; (4) sacroiliac (SI) joint pain due to 

abnormal stress loading [16]; (5) impingement of the nerve root 

at the extraforaminal zone caused by the anomalous joint [17]. 

Therefore, BS is considered a multifactorial disorder, and its as-

sociation with lower back pain cannot be simplified to a single 

pathology. 

First, let us examine the anatomical impact of LSTV on our 

spine. The sacrum, which supports the lower part of the spine, 

assists in weight distribution toward the SI joint [18]. A decrease 

in the height of the sacrum significantly reduces the contact 

surface area between the sacrum and ilium, complicating the 

weight distribution role of the SI joint [19]. To compensate for 

the reduced SI joint surface area in some LSTV cases, L5 sacral-

ization may occur in certain instances. The reduced iliolumbar 

ligament in these patients can arise from decreased lumbar 

motion due to the pseudoarticulation or fusion of LSTV. The 

concomitant weakening of the iliolumbar ligament and the 

reduced movement at LSTV can contribute to the adjacent seg-

ment instability commonly experienced by these patients [19]. 

Consequently, the increased loading on a relatively small sacral 

surface area by the large L5 TP decreases the movement at the 

L5–S1 junction and increases the joint mobility above it. This 

exacerbates disc herniation and facet arthrosis, inducing pain 

and leading to asymmetry in spinal movement [20].  

Furthermore, in cases with LSTV, nerve root impingement 

has a prevalence of 13%, and up to 70% of patients with this 

lesion may exhibit symptoms [21]. The incomplete fusion be-

tween the L5 TP and the sacral ala and its micromotion can 

lead to the development of radiculopathy in patients with BS, 

causing extraforaminal stenosis that leads to nerve root entrap-

ment and radiculopathy in patients with LSTV [22,23]. 
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CLASSIFICATION OF LSTV 

The LSTV was classified into 4 types by Castellvi et al. [14] in 

1984, with each type (I–IV) further denoted as "a" (unilateral) or 

"b" (bilateral) (Figure 1). Type I signifies a TP of L5 with a width 

of 19 mm or more, either unilateral (Ia) or bilateral (Ib). Type 

II represents an extended TP that forms a "pseudoarticulation" 

with the sacral ala (IIa or IIb), indicating incomplete sacraliza-

tion (from L5) or lumbarization (from S1). The type III classifi-

cation indicates complete fusion between the TP and the alar, 

denoting complete sacralization of L5 or lumbarization of S1. 

Type IV describes a condition where one side is type IIa and 

the other is type IIIa [14]. Among the Castellvi classifications, 

type Ia is the most common, with types I and II accounting for 

approximately 40% of all LSTV occurrences, respectively [24]. 

However, the reliability of identifying morphological anomalies 

in the Castellvi classification is not high, with a sensitivity of 

76%–84% and an accuracy of 53%– 58%, leading to the proposal 

of several classifications for BS. 

O’Driscoll et al. [25] used sagittal MRI to classify BS into 4 

types based on the morphology of the S1–2 disc and the degree 

of lumbarization of the S1 segment. This resulted in O’Driscoll 

classification of sacral morphology: type 1 with no disc mate-

rial between S1 and S2; type 2 with a small disc that does not 

extend the anteroposterior (AP) diameter of the sacrum; type 3 

with a well-formed disc extending the entire sacral AP diame-

ter; and type 4, which has the features of type 3; nevertheless, it 

also includes squaring of the upper sacral border. A correlation 

was found between type 4 S1–2 disc and types III, VI in the Cas-

tellvi classification. 

The Onyiuke Grading Scale, a new grading system, classifies 

BS into 4 types based on the location, severity, and character-

istics of the pain, focusing on clinical symptoms and less on 

imaging results [26]. Regarding the Jenkins classification, this 

new description of LSTV anatomy bases itself on the concept of 

a reduced gap between the TP and the sacrum as the primary 

cause of BS rather than disc herniation [27]. 

DIAGNOSIS 

1. Simple Radiograph 

Traditional radiography is well documented for its utility 

in diagnosing and classifying LSTV. AP and lateral films allow 

evaluation of the spine under axial load while requiring mini-

mal time, financial cost, and radiation exposure to the patient. 

An AP radiograph taken at a 30° cranial angle, known as a 

Ferguson radiograph, has traditionally been the standard for 

successfully identifying LSTV. General radiographs of the lum-

bosacral region demonstrate 76%–84% effectiveness in detect-

ing LSTV. Ferguson radiographs of the lumbosacral region (AP 

radiographs with a 30° cranial angle) show higher sensitivity in 

detecting LSTV [28]. 

2. MRI/Computed Tomography 

High-resolution imaging increases the cost and potential 

Figure 1. Castellvi classification system of lumbosacral transi-
tional vertebrae. Adapted from Castellvi et al. Spine 1984;9:493-5 
[14], with permission of Elsevier.
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radiation exposure to patients; however, it provides crucial 

information for accurately examining BS. Computed tomog-

raphy (CT) and MRI imaging are more accurate in diagnosing 

and classifying LSTV than conventional radiographs, offering 

additional diagnostic information on adjacent areas, discs, or 

neurogenic pathology.  

CT scans are advantageous for defining bone structures, 

osteophytes, and pseudoarticulation of the L5 TP [29]. MRI 

can have over 80% accuracy in diagnosing BS, with T2-weight-

ed coronal images being most effective in diagnosing lesions 

known as the "far-out" syndrome, where nerve roots are im-

pinged between the TP of L5 and the sacral alar. 

3. Scintigraphy 

Beyond standard radiographs, CT, and MRI, bone scintigra-

phy may help identify potential sources of pain in patients with 

BS. Abnormal articulations in LSTV can lead to degenerative 

and metabolic changes, possibly related to the patient's pain. 

These changes show increased absorption in bone scintigra-

phy, with significantly increased absorption observed in symp-

tomatic patients with degenerative changes on single-photon 

emission computed tomography (SPECT) images [30]. Radi-

ography and injections aside, bone scintigraphy tests such as 

SPECT/CT and positron emission tomography/CT have shown 

potential in identifying the source of pain in patients with BS. 

4. Slit-Beam Digital Radiography System 

The slit-beam digital radiography system, a new radiographic 

method that emits low doses of radiation, provides accurate 

3-dimensional (3D) images of spinal anatomy, which is signif-

icant for differentiating and classifying BS. It captures upright 

orthogonal images and reconstructs 3D images of the skeletal 

structure (specifically the spine and pelvis), which is useful in 

determining the relationship between anatomical regions and 

adjacent segments [31,32]. Despite advancements in imaging 

techniques, diagnosing BS remains challenging. Differential 

diagnosis for low back pain is extensive, including myofascial 

pain, SI pain, fractures (including spondylolysis), spondylolis-

thesis, scoliosis, disc degeneration/herniation, infection, and 

malignancy [5,12]. This wide range of differential diagnosis can 

lead to delayed or missed diagnoses. 

5. Local Injections 

Steroid and anesthetic injections have proven to offer multi-

faceted benefits to patients with BS, providing marked diagnos-

tic information and pain relief. Local injections can identify the 

primary source of pain in these patients. 

SURGICAL PLANNING CONSIDERATIONS 

Conservative treatments include activity modification, 

pharmacologic therapy, physical therapy, and interventional 

therapy. Patients with BS should first undergo conservative 

treatment before proceeding to invasive treatments such as 

steroid and anesthetic injections and surgical interventions 

like removal of LSTV pseudoarticulation, decompression, or 

fusion. Localized injections can identify the primary source 

of the patient's pain, enabling targeted surgical treatment and 

preventing total removal. The degree of pain relief following 

local injections provides valuable information for guiding sur-

gical treatment if the pain resolves. Surgical intervention can 

be considered when no response is available for conservative 

treatment. 

Pain caused by LSTV can originate from various lesions. Pain 

may arise directly from the pseudoarticulation itself. However, 

it can also be due to asymmetric segmental motion between 

LSTV and the sacrum, exacerbating weight load on the oppo-

site facet joint, leading to facet arthritis as a source of pain, or 

increased weight load on the adjacent segment above due to 

reduced segmental motion [33-36]. In cases where discogenic 

pain exists concurrently at the LSTV level, performing resection 

of pseudoarticulation alone may not meet expectations for pain 

improvement or may worsen discogenic pain due to increased 

intersegmental movement post-resection. Therefore, in cases 

with accompanying disc pathology or when pain is associated 

with increased instability and mobility of the segment, fusion, 

which can provide long-term stability, may be a better choice 

than resection [37,38]. Surgeons must be aware of all possibil-

ities that the pain source in patients with symptomatic LSTV 

may be localized to the pseudoarticulation or may reside in 

various other lesions, and even possibly more significant than 

the pseudoarticulation itself, and meticulously plan the surgery 

after verification. Figure 2 presents a diagnostic and therapeutic 

diagram of symptomatic LSTVs. 

SURGICAL OPTIONS 

Surgical treatments for BS including resection, nerve root 

decompression, and fusion using microscopic techniques have 

been reported by numerous authors. Endoscopic spinal sur-

gery techniques have improved recently, and there have been 
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several reports of surgical attempts to address BS using them. 

Surgical methods can be categorized as traditional microscopic 

and endoscopic techniques. 

1. Microscopic Surgery 

1) Resection 
Among the subtypes of LSTV, type II has been reported to 

have the highest prevalence of low back pain at 73% [38]. Ac-

cording to various reports, the primary candidates for surgical 

resection of symptomatic BS are those with type II LSTV, which 

form pseudoarticulations, rather than other types that do not 

form pseudoarticulations or are already in a state of complete 

bony union [39,40]. If the pain generator is diagnosed as being 

localized to the pseudoarticulation, resection becomes the 

most effective surgical option. The excision of the anomalous 

connection between the LSTV and the sacrum can mitigate 

asymmetrical or diminished segmental motion, with poten-

tial benefits in alleviating adjacent segment or contralateral 

facet arthritis to some degree [15]. However, discogenic pain 

may worsen due to increased segmental motion of the LSTV 

after resection. Therefore, surgeons must plan the surgery by 

predicting the clinical outcomes based on the changes in the 

distribution of mechanical stress around the LSTV before and 

after resection. In cases accompanied by far-out syndrome, the 

surgical plan should include root decompression, which can be 

performed simultaneously with the resection. To prevent mis-

diagnosis, a diagnostic block of the pseudoarticulation is rec-

ommended before surgery [34]. Most authors reporting on the 

resection of LSTV have performed a preoperative diagnostic 

block [41]. Nonfusion surgeries reported to date for removing 

pain originating from pseudoarticulation can be categorized 

into resection of pseudoarticulation, TP resection, and anterior 

approach technique. 

(1) Pseudoarticulation resection 

The resection of the pseudoarticulation technique directly 

removes the pathological tissue causing pain and is a standard 

method that can disconnect the mechanical impact on adja-

cent joints. Using AP fluoroscopic imaging to locate the TPs, 

sacrum, and articular processes, a 2.5- to 4-cm vertical incision 

is made approximately 4 cm lateral from the midline, directly 

above the articular process. The fascia is sharply opened, and 

muscle/ligament attachments are removed to expose the TP, 

pseudoarticulation, and sacral alar. High-speed drills are then 

used to remove the pseudoarticulation. A tubular retractor may 

be used to minimize tissue damage [40-44], although its use 

may limit surgical visibility, making the surgery more challeng-

ing and possibly leading to inadequate decompression [41]. 

Care should be taken when selecting the incision site as the 

iliac crest may obstruct the surgical trajectory, with some au-

thors reporting resection of part of the left posterior iliac crest 

to access the pseudo articulation [43]. Pseudoarthrectomy can 

present challenges due to the potentially wide and irregular 

anatomical shapes, leading to anatomic misorientation within 

the operative field, which can be particularly challenging for 

surgeons with less experience in BS resection surgery. This may 

result in unnecessary resection of normal tissue or insufficient 

resection of the target lesion. Thus, confirming the most ven-

trolateral margin of the pseudoarticulation is recommended 

before beginning resection with high-speed drilling [45]. Navi-

gation for stereotactic localization of the pseudojoint has been 

reported as a viable complementary method, or repeated veri-

fication with a C-arm is recommended if navigation is unavail-

able [42,44,46].  

(2) Transverse processectomy  

Another reported method for BS resection surgery is trans-

verse processectomy. This method differs from the previously 

described technique as it only resects the TP without directly 

removing the pseudoarticulation. The therapeutic principle 

Identify pain generators with 
diagnostic local injection or 

scintigraphy

Provide theraputic local 
injection

Consider other diagnoses

Consider surgical treatmentContinue treatment

Continue treatment

Evidence of LSTV on simple radiograph, 
CT or MRI

Conservative
treatments

Any pain generators identified?

Effective

Effective

Yes

Ineffective

Ineffective

No

Figure 2. Flow chart for diagnosing and treating symptomatic 
lumbosacral transitional vertebrae. CT, computed tomography; 
LSTV, lumbosacral transitional vertebrae; MRI, magnetic reso-
nance imaging.
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is explained as blocking the path through which mechanical 

stress from the spine is transferred to the pseudoarticulation 

[47]. After making a skin incision approximately 2 to 4 cm from 

the midline, 3.5 to 4 cm laterally, access is gained between the 

multifidus and longissimus muscles to expose the base of the 

L5 TP and the upper part of the sacral ala. To avoid damaging 

the iliolumbar ligament and pseudoarticulation, the lateral end 

of the L5 TP is not exposed, and space is created by accessing 

only its base. The upper and lower edges of the L5 TP are pal-

pated, and a high-speed drill is used to cut the base of the L5 

TP, maintaining at least a 0.5 cm cutting gap to prevent rejoin-

ing. A tubular retractor may be used based on the surgeon's 

preference. The resected L5 TP can be removed en bloc or in 

pieces using a pituitary rongeur. Bone wax can be applied to the 

cut surface of the sacrum to prevent excessive bleeding. Com-

pared to pseudoarthrectomy, transverse processectomy is less 

invasive and has a shorter operation time, but it is less effective 

at relieving pain from the pseudoarticulation [47]. The thera-

peutic principle of transverse processectomy is not fully under-

stood, and it is assumed to reduce the mechanical load on the 

pseudoarticulation by blocking the path of stress transmission 

from the spine. However, there is a risk of rejoining or non-

union of the TP, leading to the recurrence of symptoms. There-

fore, careful patient selection is essential, and this technique is 

recommended for patients with mild symptoms or those who 

are not suitable candidates for more invasive procedures. 

(3) Anterior approach technique 

The anterior approach technique involves accessing the 

pseudoarticulation through an anterior incision, allowing for 

direct visualization and resection of the pseudoarticulation 

without disturbing the posterior structures of the spine. This 

technique is less commonly reported in the literature. It is 

typically reserved for cases where the pseudoarticulation is 

anteriorly positioned or when there is a need to address oth-

er anterior spinal pathologies simultaneously. The approach 

requires careful planning and understanding of the vascular 

and visceral anatomy to avoid complications. The anterior 

approach may offer advantages in reduced muscle dissection 

and potentially quicker recovery times, but it also carries risks 

associated with abdominal surgery, such as injury to the great 

vessels, ureter, or intestines. This technique is considered for 

patients with specific anatomical considerations or when a 

combined anterior-posterior approach is necessary to address 

complex spinal pathologies in addition to BS. Due to the com-

plexity and potential risks, it is typically performed by surgeons 

with expertise in anterior spinal surgery and collaboration with 

vascular or general surgeons as needed. 

2) Nerve root decompression 
There are cases where L5 radiculopathy accompanies far-out 

syndrome. The L5 nerve root is lateral to the L5–S1 disc, lateral 

to the L5 TP, and medial to the pseudoarticulation. The L5 root 

is compressed between the impingement of the L5 TP and the 

sacral ala, causing symptoms [48]. Therefore, the main surgical 

process to decompress the L5 nerve root involves expanding 

the pathway of the L5 root by partially resecting the bony struc-

ture surrounding it, namely the L5 TP, sacral ala, and pseudo-

articulation, which can mostly be achieved through a posterior 

approach [23,49,50]. Abe et al. [51] have reported a case where 

neural decompression was performed using an anterior ap-

proach for a patient complaining of radiating pain due to far-

out syndrome caused by LSTV. This patient underwent neural 

decompression through an extraperitoneal approach due to 

prominent bony spur formation in the anterior exit zone of 

the lateral wall of the L5 root foramen, reporting good clinical 

outcomes. However, this case has limitations in that symptoms 

took extended period to improve after surgery, and the possi-

bility of improvement due to natural progression rather than 

surgical intervention cannot be entirely ruled out. They also ad-

vised that reducing the tightness of the root due to the surgical 

position could decrease the damage to the root during surgery. 

3) Fusion 
The fusion technique has traditionally been adopted in most 

of the literature reported so far, utilizing pedicle screwing and 

intersegmental posterolateral fusion, and in some cases, in-

troduced for symptomatic BS using a tubular retractor system 

[52]. However, it seems no additional techniques are needed 

because it is BS. Fusion is more invasive compared to resection, 

with concerns of higher surgical complications and, in the long 

term, known to induce adjacent segment degeneration, poten-

tially causing other problems. Nonetheless, there are reasons 

why fusion can sometimes be a more viable option in the surgi-

cal treatment of BS. 

Firstly, in cases where discogenic pain exists simultaneously 

at the LSTV level. In such cases, resection alone may not satis-

factorily improve symptoms, and discogenic pain might wors-

en due to increased intersegmental movement after resection. 

Dhanjani et al. [53] reported long-term good outcomes from 

classical fusion surgery on a 13-year-old female patient with 

symptomatic Castellvi type IIa BS, who showed extensive TP 

bridging, considering the disc of that segment as a potential 

source of pain. 
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Another crucial point not to be overlooked in deciding on 

fusion is confirming the existence of pain generators at the 

adjacent segment above LSTV, L4–5, and the SI joint. If symp-

tomatic disc degeneration, facet arthritis, spondylolysis, or 

SI arthritis were not identified before surgery and existed in 

adjacent segments, physical stress due to weight-bearing after 

fusion surgery for some types of BS could exacerbate persistent 

pain in these areas. It is worth noting that compared to the 

non-LSTV population, LSTV can have reduced intersegmental 

mobility, potentially leading to compensatory hypermobility in 

adjacent segments [4], which has been reported as a primary 

cause of disc degeneration [36]. Jenikar et al. [54], in their co-

hort observational study comparing patients with and without 

LSTV, reported that LSTV results in more degenerative changes 

in the adjacent upper segment and additionally. Therefore, 

if pain generators are diagnosed in the upper segment or SIJ 

while planning fusion for the LSTV segment, it may be neces-

sary to plan for multilevel fusion, including those segments, 

with surgical decisions considering the risk-benefit. 

Mikula et al. [55] reported that comparing the clinical effica-

cy of a group that underwent resection of pseudoarticulation 

with a group that underwent fusion for symptomatic BS, fusion 

showed superior pain improvement in both short-term out-

comes within 6 months and long-term outcomes beyond 12 

months. Notably, the rate of maintained pain improvement 

until the long-term outcome was statistically significantly dif-

ferent, with 28% in the resection group compared to 78% in the 

fusion group, which is worth considering. 

2. Endoscopic Surgery 

1) Full endoscopy 
With the advancement of endoscopic spinal surgery tech-

niques, various attempts at surgical interventions for BS have 

been reported. Replacing traditional surgical methods with en-

doscopic procedures, such as pseudoarticulation or transverse 

processectomy and root decompression, allows for less invasive 

operations that perform most of the surgical process similarly, 

with clinical effects comparable to conventional methods. The 

endoscopy techniques reported for BS to date are summarized 

in Table 1.  

(1) Nerve root decompression for treating far-out syndrome  

Paudel et al. [56] reported the results of performing a full en-

doscopy on 3 patients diagnosed with far-out syndrome caused 

by LSTV, who did not respond to conservative treatment. This 

report is the first of its kind regarding full endoscopy for BS. The 

patients were diagnosed preoperatively with compression of 

Table 1. Summary of the current literature on endoscopic spine surgery for Bertolotti syndrome 

Study Year Study design No. of  
cases Symptoms Type of  

LSTV*

Mean  
age  
(yr)

Anesthesia Procedure Follow-up 
period (mo) Outcome†

Full endoscopy
Paudel et al. [56] 2017 Cases report 

with technical 
note

3 Case 1 LBP, leg 
pain

IIa 56.7 Not reported Nerve root  
decompression

Case 1 13 Case 1 LBP: 5 → 
2/ Leg pain:  
8 → 2

Case 2 LBP, leg 
pain, motor 
weakness

Case 2 14 Case 2 LBP: 5 → 
1/ Leg pain:  
8 → 3

Case 3 LBP, leg 
pain

Case 3 12 Case 3 LBP: 7 → 
3/ Leg pain 4 
→ 2

Yoo et al. [58] 2019 Case report 1 LBP, leg pain IIb 64 Local Transverse  
processectomy

Not reported Symptoms got 
relieved  
immediately

Wu et al. [45] 2021 Technical note N/A N/A N/A N/A General Resection of 
pseudoarticu-
lation

N/A N/A

Stein et al. [57] 2023 Case report 1 Low back pain. 
referred leg pain

IIb 57 General Resection of 
pseudoarticu-
lation

Not reported 7 → 4

Unilateral biportal endoscopy
Heo et al. [59] 2019 Case series with 

technical note
14 Unilateral  

radiating leg 
pain

Not  
reported

59.5 General or 
epidural

Nerve root  
decompression

11.0±5.0³ Leg pain: 
8.4±1.1 → 
2.8±1.4‡

LSTV, lumbosacral transitional vertebra; LBP, low back pain; N/A, not applicable.
*Classified by Castellvi’s classification. †The numeric value represents a pain score out of a maximum of 10 points. ‡Mean±standard deviation.
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the L5 root between the pseudoarticulation at the TP and the 

sacral alar, causing sciatica. The authors introduced methods 

of achieving L5 root decompression by removing the distal part 

of the TP with high-speed burr drilling through a direct dorsal 

approach to the endoscope's working area and by resecting 

parts of the TP or pseudoarticulation similar to percutaneous 

endoscopic transforaminal lumbar discectomy. They noted 

that patients showed good clinical outcomes after more than a 

year postsurgery, suggesting that this direct target-oriented sur-

gery, which minimizes soft tissue injury compared to classical 

methods using microscopes or tubular retractors, is advanta-

geous for postoperative recovery. Specifically, preserving the 

iliolumbar ligament, crucial for the stability of the lumbosacral 

junction, was highlighted as a benefit. 

(2) Pseudoarticulation resection 

The first report of performing resection of pseudoarticu-

lation using full endoscopy for symptomatic BS was in 2021, 

with Stein et al. [57] reporting a similar surgical method 2 years 

later. Wu et al. [45] provided a detailed description of the sur-

gical technique in a technical note. They described entering 

the endoscopy to the target area through a 1-cm skin and fas-

cia incision at the midpoint of the pseudoarticulation under 

fluoroscopic guidance. They proceeded with drilling from the 

ventrolateral margin of the pseudoarticulation articulating with 

the highest part of the sacral ala (PH point) in a superficial to 

deep fashion towards the dorsal medioinferior margin adjacent 

to the superior articular process (MS point), followed by L5 

root decompression. Wu emphasized the importance of pre-

operative MRI to check the course of the L5 nerve root, secure 

identification of the PH point to prevent drilling-induced nerve 

injury and retroperitoneal space penetration and maintain a 

9-mm gap between the dysplastic TP and sacral alar to prevent 

recurrence of fusion. Stein et al. [57] mentioned that extensive 

resection provides superior pain relief. 

(3) Transverse processectomy 

In 2019, a report was published on performing transverse 

processectomy using full endoscopy for symptomatic BS. Yoo 

et al. [58] reported on a 64-year-old female patient with left 

leg pain, initially diagnosed with foraminal stenosis at L5–S1 

and treated with foraminotomy using full endoscopy without 

symptom improvement. Subsequent identification of pseudo-

articulation as the pain generator through a pseudoarticulation 

block led to symptom improvement through a second surgery. 

The authors noted that this method, which involved drilling the 

base of L5's TP with a high-speed burr, replicated a technique 

reported by Ju et al. [47] in 2017 using microscopic surgery. 

This surgical approach can block the pathway of mechanical 

stress from body weight on the pseudoarticulation and simulta-

neously perform L5 root decompression in cases of far-out syn-

drome. The anatomical recognition of the TP being relatively 

straightforward in the operative field facilitates the surgery and 

identification of the L5 root, thus combining the advantages of 

the reported transverse processectomy method with those of 

full endoscopy. 

2) Unilateral biportal endoscopy 
In 2019, Heo et al. [59] were the first to report on unilateral bi-

portal endoscopy (UBE) conducted for radiculopathy caused by 

far-out syndrome. This is the only report using UBE for symp-

tomatic BS, including clinical outcomes for 14 cases and a tech-

nical note. According to the surgical procedures of authors, the 

surgery was performed under general or epidural anesthesia. 

Two skin incisions were made 1 cm lateral to the lateral border 

of the L5–S1 pedicle and 1 cm above and below the midpoint of 

the foramen, after which an endoscopic channel and a work-

ing channel were formed at each incision. The decompressive 

procedure began with the partial drilling of the lower portion 

of the TP and the lateral portion of the isthmus and the facet 

wall, exposing the foraminal part of the L5 root and continued 

by following the course of the nerve root. Decompression was 

performed from the superior portion of the ala medially to lat-

erally, drilling out the pseudoarticulation while simultaneously 

decompressing the root. 

The authors presented clinical outcomes after an average fol-

low-up of 11 months, stating that UBE approaches demonstrat-

ed shorter operation times and less blood loss while minimiz-

ing damage to posterior muscle and ligamentous structures. 

They also highlighted the advantages of reduced postoperative 

pain and easier recovery. However, they noted disadvantages, 

including retroperitoneal fluid collection due to irrigation fluid, 

the possibility of incomplete decompression, and the steep 

learning curve of endoscopy. Specifically, they emphasized the 

need to explore and remove any concomitant extraforaminal 

disc herniation after decompression around the pseudoartic-

ulation, as it may be associated with a sudden aggravation of 

pain. The surgical process introduced by Heo et al. [59], which 

allows for L5 root decompression from the foraminal to the 

extraforaminal area and involves verifying the L5 root from 

proximal to direct vision sequentially to lateral decompression, 

is considered relatively safer compared to methods introduced 

by other authors. 
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CONCLUSION 

Surgical intervention should only be considered for symp-

tomatic BS when conservative treatments fail. LSTV can cause 

symptoms in various forms, including pseudoarticulation, facet 

arthritis, disc degeneration, adjacent segment degeneration, 

and far-out syndrome. A precise presurgical investigation of 

the distribution of pain generators is necessary, and the appro-

priate surgical treatment should be chosen based on the type 

of pseudoarticulation. Before proceeding with surgery, careful 

consideration of the expected benefits of pain relief from sur-

gical intervention is required. While endoscopic surgery for BS 

has been attempted numerous times and demonstrated suc-

cessful outcomes, additional research and evidence are need-

ed. 
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