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Techniques for restoring optimal spinal biomechanics to alleviate symptoms in
Bertolotti syndrome: illustrative case

*Nolan J. Brown, BS,1 Zach Pennington, MD,2 Hania Shahin, BS,1 Oanh T. Nguyen, BS,1 and Martin H. Pham, MD3

1Department of Neurological Surgery, University of California-Irvine, Orange, California; 2Department of Neurologic Surgery, Mayo Clinic, Rochester, Minnesota; and
3Department of Neurosurgery, University of California-San Diego, La Jolla, California

BACKGROUND Lumbosacral transitional vertebrae (LSTVs) are congenital anomalies that occur in the spinal segments of L5–S1. These vertebrae
result from sacralization of the lowermost lumbar segment or lumbarization of the uppermost sacral segment. When the lowest lumbar vertebra fuses
or forms a false joint with the sacrum (pseudoarticulation), it can cause pain and manifest clinically as Bertolotti syndrome.

OBSERVATIONS A 36-year-old female presented with severe right-sided low-back pain. Computed tomography was unremarkable except for a right-
sided Castellvi type IIA LSTV. The pain proved refractory to physical therapy and lumbar epidural spinal injections, but targeted steroid and bupivacaine
injection of the pseudoarticulation led to 2 weeks of complete pain relief. She subsequently underwent minimally invasive resection of the
pseudoarticulation, with immediate improvement in her low-back pain. The patient continued to be pain free at the 3-year follow-up.

LESSONS LSTVs alter the biomechanics of the lumbosacral spine, which can lead to medically refractory mechanical pain requiring surgical
intervention. Select patients with Bertolotti syndrome can benefit from operative management, including resection, fusion, or decompression of the
pathologic joint.

https://thejns.org/doi/abs/10.3171/CASE23467

KEYWORDS Bertolotti syndrome; lumbosacral transitional vertebrae; anomaly; lumbar spine; sacrum; spine surgery; low-back pain

Lumbosacral transitional vertebrae (LSTVs) are reported to occur
in 7% to 30% of the population.1 They are congenital anomalies of
the lumbosacral junction that comprise a spectrum of pathologies
varying from complete sacralization of the lowermost lumbar verte-
bra to complete lumbarization of the uppermost sacral segment.2

These anomalies have been previously classified by Castellvi and
colleagues3 according to morphology and risk of disc herniation at
the transitional or cephalad segment (Fig. 1). Prior retrospective
data have suggested Castellvi class IA LSTV to be the most prevalent (ap-
proximately 15% of patients with LSTV); this category is distinguished by
an enlarged lumbar transverse process.4 Progressively higher Castellvi
grades denote more intimate association with the sacral alae, with type II
lesions having unilateral (IIA) or bilateral (IIB) pseudoarticulation, type III
lesions showing complete fusion to the sacrum on one (IIIA) or both (IIIB)

sides, and type IV showing pseudoarticulation on one side and full fusion
with the sacral ala on the other.1–4

The pseudoarticulation/fusion between the L5 transverse process
and sacral ala can limit rotation, lateral bending, and flexion/exten-
sion movements.4 Such altered biomechanics can in turn create a
stress riser in the adjacent level, resulting in mechanical paraxial
pain or disc herniation with resultant radicular pain.4 The enlarged
L5 transverse process can also cause radicular pain through extra-
foraminal compression of the exiting root.1,5–7 The confluence of
low-back pain and/or radiculopathy in the setting of an LSTV is
known as Bertolotti syndrome. Similar to most spinal pathologies,
conservative management is considered first-line treatment.8 In a
subset of patients, conservative management is insufficient and re-
section of the pseudoarticulation can be helpful. In the present

ABBREVIATIONS 3D 5 three-dimensional; CT 5 computed tomography; LSTV 5 lumbosacral transitional vertebra; MRI 5 magnetic resonance imaging;
RFA 5 radiofrequency ablation; SPECT 5 single-photon emission computed tomography.
INCLUDE WHEN CITING Published December 18, 2023; DOI: 10.3171/CASE23467.
SUBMITTED September 28, 2023. ACCEPTED November 3, 2023.
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case, we illustrate the clinical utility of minimally invasive resection
of the lumbosacral articulation in a patient with Bertolotti syndrome.
We additionally review the contemporary literature to highlight the
evidentiary support for various operative techniques in the treatment
of Bertolotti syndrome.

Illustrative Case
A 36-year-old female presented with persistent, debilitating

low-back pain. Lumbar radiographs and computed tomography
(CT) were unremarkable except for a right-sided Castellvi type
IIA LSTV pseudoarticulation (Fig. 2). Conservative management
with physical therapy, lumbar epidural steroid injections, lumbar
facet injections, and sacroiliac joint injections provided no improvement
in her pain. A combined steroid and bupivacaine injection of the LSTV
pseudoarticulation completely relieved her pain for 2 weeks, confirming
her diagnosis of Bertolotti syndrome.

The patient subsequently underwent resection of the right-sided
LSTV pseudoarticulation through a tubular retractor with the assis-
tance of intraoperative image guidance (Fig. 3). Because the main
goal of surgery is complete resection of the abnormal pseudoarticu-
lation, intraoperative navigation was exceptionally helpful to ensure
this was accomplished. The anatomy of these transitional segments
can be confusing, especially if the procedure is performed minimally
invasively, and real-time image guidance can keep the surgeon ori-
ented to ensure complete removal of the joint. Although not done in
this case, intraoperative CT scanning after resection can also be
performed to confirm complete pseudoarticulation resection. The
patient was discharged from the hospital on the day of the opera-
tion. At the 2-week follow-up, she endorsed near-complete resolu-
tion of her presenting low-back pain. At the 3-year postoperative
follow-up, she remained completely free of her preoperative back
pain.

FIG. 1. Illustration of the Castellvi classification of lumbosacral transitional vertebrae: IA, enlarged L5 trans-
verse process, unilateral; IB, enlarged L5 transverse process, bilateral; IIA, enlarged L5 transverse process
contacting sacral ala, forming pseudoarticulation, unilateral; IIB, same as IIA but bilateral; IIIA, enlarged L5
transverse process completely fuses to sacral ala, resembling complete sacralization of L5; IIIB, same as
IIIA, but bilateral; IV, unilateral type IIA with a contralateral type IIIA (fusion) on same LSTVs.

FIG. 2. A: Coronal CT scans with bone windows illustrating widening of the right L5 transverse process with
cortical sclerosis of the inferior aspect and pseudoarticulation with the sacral ala (Castellvi type IIA). The pa-
tient presented with significant low-back pain (Bertolotti syndrome) refractory to conservative management
and was offered surgical intervention, which included resection of the anomalous transverse process. B: 3D
reconstructions of CT illustrating removal/drilling out of the superior sacral alae and inferior right L5 transverse
process in the region of the pseudoarticulation.
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Patient Informed Consent
The necessary patient informed consent was obtained in this

study.

Discussion
Observations

Here, we present the successful resolution of Bertolotti syn-
drome in a female in her mid-30s who presented with right Castellvi
type IIA pseudoarticulation at the lumbosacral transitional vertebra.
Oftentimes, patients with LSTV can be asymptomatic or present
with nonspecific low-back pain, as our patient did. This can make
the diagnosis challenging, and current diagnostic imaging modalities
are subpar in that they will not always demonstrate the presence of
any specific pathology. In addition to standard radiography, which is
a poor diagnostic modality for LSTV-CT, magnetic resonance imaging
(MRI), and single-photon emission computed tomography (SPECT)
bone scintigraphy can be used to assess the degenerative changes
that may represent the source of a patient’s pain. For example, in a se-
ries of 48 patients with Bertolotti syndrome due to Castellvi type II
LSTVs, 81% of patients showed increased uptake on SPECT at the
site of pseudoarticulation. Although SPECT was not used in the diag-
nosis and subsequent treatment of our patient, three-dimensional (3D)
CT reconstructions aided in the visualization of the pseudoarticulation
and planning of the surgical approach. The pseudoarticulation was the
only identifiable source of the patient’s pain; therefore, resection of the
pseudoarticulation of the bridging transverse process from the LSTV
was indicated after conservative treatments had failed. The goal of
surgery was to completely decompress the affected neural elements
to eliminate the patient’s pain. Resection of the joint provided ade-
quate decompression of the neural elements, as noted by the resolu-
tion of the patient’s symptoms at the 3-year follow-up.

Bertolotti syndrome describes the clinical condition of low-back pain in
the presence of a lumbosacral pseudoarticulation. The etiology of Bertolotti
syndrome is unclear and may be multifactorial in nature. As a result, there
is currently no gold standard of care for Bertolotti syndrome, although care
generally begins with conservative management.7,9 Surgical intervention

may be warranted for refractory cases. To address this, we reviewed the ex-
tant literature on the surgical management of Bertolotti syndrome (Table 1).

Conservative Management
Conservative therapy can include a combination of oral analge-

sics, physical therapy, and alternative therapies.9 A local anesthetic
and steroid injections serve as the next tier in management and
can also offer diagnostic guidance.10 As demonstrated in the pre-
sent case, when injection of the pseudoarticulation results in signifi-
cant pain relief, the surgeon is provided with reasonable evidence
that stabilization or resection of the articulation may lead to long-
term benefit. Several other case reports have demonstrated the
benefit of pseudoarticulation injection in this patient population. Bar-
khane et al.11 used lidocaine/triamcinolone acetate injections into
the lumbosacral articulations of a 65-year-old male with Castellvi
type IIB with robust relief of symptoms continuing through the
6-month follow-up.

Zhang and Cheng12 likewise successfully used targeted injec-
tions for the management of five patients presenting with Bertolotti
syndrome and Castellvi type II/III malformations. Of the four patients
with follow-up, all experienced $50% reduction in their pain and
were able to continue with nonoperative management.12 Gl�emarec
et al.13 subsequently published confirmatory findings in a compara-
tive study of 15 patients with Bertolotti syndrome who had under-
gone injection with a lidocaine/corticosteroid combination or saline.
Patients in the interventional arm had significantly greater pain relief
at the 4- and 12-week follow-up, whereas patients in the placebo
group did not.13

As in the present case, injection may fail to provide robust long-
term benefit, but the creation of even short-term benefit is diagnosti-
cally valuable, as it suggests the pseudoarticulation may be a driver
of the chief complaint. J€onsson et al.14 published one of the earliest
series showing this, using lidocaine injections in 10 patients with
Castellvi type II LSTV and more than 1 year of pain. Patients sub-
sequently underwent resection of the L5 transverse process contrib-
uting to the pathologic pseudoarticulation. Of these patients, 8 had
pain relief at the last follow-up and 7 were pain free (median follow-
up 13 months), leading the authors to recommend transverse pro-
cess resection as definitive management for patients with Bertolotti
syndrome who had shown a response to local anesthesia of the
pseudoarticulation.

Although most patients whose condition fails conservative treat-
ment will eventually undergo surgery, another option to consider is
radiofrequency ablation (RFA), a minimally invasive technique that
can be trialed prior to invasive surgical procedures. Interestingly, it
was previously reported that a case refractory to conservative man-
agement (including injections) underwent L4–5 facet RFA but expe-
rienced only incomplete pain relief. Another injection was trialed,
again providing only temporary pain relief. Normally, this would
seem to indicate that surgery may be warranted. However, RFA
was trialed a second time and proved successful in alleviating the
patient’s pain, suggesting that it may represent a potential alterna-
tive to surgery for select patients.

Surgical Management: Resection Versus Fusion
For patients whose condition has failed nonoperative manage-

ment (including a trial of nonopioid analgesics, physical therapy, and/or
steroid injections), surgery could lead to significant symptomatic improve-
ment.10 There are two predominant approaches to surgical management

FIG. 3. The patient underwent minimally invasive tubular resection of
the anomalous transverse process.
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TABLE 1. Literature review of studies reporting outcomes of different operative management techniques for the treatment of low back pain
in Bertolotti’s syndrome

Authors & Year No. of Patients
Mean Age

in Yrs (range)
No. of

Females/Total

Operative
Management (no. of

cases)
Pain Outcomes
(no. of cases) Conclusion

Jonsson et al.,
198914

11 39 (13–76) 6/11 LSTV open resection Complete
resolution (7),
significant

improvement (2),
unchanged from
preop levels (2)

LSTV resection in
patients w/ temporary
pain relief of lower
back pain after

anesthetizing joint
articulation is

worthwhile procedure

Santavirta et al.,
199316

16 34 (27–58) 11/16 Posterolat fusion (8),
LSTVopen resection (8)

Improvement (10),
patients required
2nd operation (6;

3/6 fusions)

Surgical treatment w/
resection or fusion in
Bertolotti’s syndrome
should be attempted in
select cases that failed

conservative
management

Abe et al.,
199717

1 37 0/1 Ant decompression w/
resection of bone spur
using wide muscle-

splitting extraperitoneal
approach

Good relief of low
back pain &
radiculopathy
obtained

Selective
radiculography provided
optimal diagnostic value
as method of exam for

far-out foraminal
stenosis; ant approach
to decompression of
far-out foraminal

stenosis below LSTV is
simple & effective

treatment

Brault et al.,
200115

1 17 1/1 Resection of
anomalous
lumbosacral
articulation

Symptom free at
last FU

Low back pain may
occur from facet

contralat to unilat LSTV,
even in young patients;
resection of anomalous
articulation can provide
excellent results due to
unloading of force on
symptomatic facet

Ichihara et al.,
200420

1 34 1/1 Pst decompression by
LSTV open resection

Complete
resolution

Pst decompression is
easy, safe, & useful

method of treatment for
radicular pain caused
by a Bertolotti joint
when conservative
management failed

Ugokwe et al.,
200823

1 40 0/1 Minimally invasive
resection of

anomalous, enlarged
transverse process at
caudal-most lumbar
vertebra involved in
pseudoarticulation at

sacral ala

97% resolution of
pain at 6-mo FU

Minimally invasive
approaches can be as

effective as
conventional

approaches to treat
LSTV while minimizing
trauma associated w/
surgical exposure

CONTINUED ON PAGE 5 »
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» CONTINUED FROM PAGE 4

TABLE 1. Literature review of studies reporting outcomes of different operative management techniques for the treatment of low back pain
in Bertolotti’s syndrome

Authors & Year No. of Patients
Mean Age

in Yrs (range)
No. of

Females/Total

Operative
Management (no. of

cases)
Pain Outcomes
(no. of cases) Conclusion

Miyoshi et al.,
201124

1 29 0/1 Pst decompression by
osteophyte resection

Complete
resolution

Pst decompression is
effective form of
management for

radicular pain caused
by foraminal stenosis
secondary to LSTV

Weber and
Ernestus,
201121

1 53 1/1 Lat foraminal &
extraforaminal nerve
root decompression

No low back or
radicular pain &
no radiographic
signs of instability

at 12 mos

Extraforminal
impingement originating
from below transitional
vertebra in Castellvi type

IIA and IIB can be
relieved by lat foraminal

& extraforaminal
radicular decompression

Shibayama
et al., 201122

1 46 1/1 Extraforaminal
decompression of rt L6
nerve root involving

removal of lower part of
enlarged transverse

process & upper part of
sacral ala

At 30-mo FU, VAS
score had

decreased 10
points; JOA score
increased from 10

to 25

Clinical presentation of
intractable sciatica-like
pain could arise from
impingement of nerve
root extraforaminally by
compression caused by
transverse process

Kikuchi et al.,
201318

2 61.5 (53–70) 1/2 Ant decompression by
osteophyte resection

Complete
resolution (2)

L5 extraforaminal
stenosis below LSTV

causes nerve entrapment
more ant to L5 nerve

than in other pathologies,
so ant decompression
results in more complete

decompression

Malham et al.,
201319

2 38 (27–49) 1/2 Ant retroperitoneal
LSTV resection

Significant
improvement (2)

Ant approach for
pseudoarthrectomy in
treatment of Bertolotti’s
syndrome is safe &
effective approach for
long-term symptomatic

relief

Takata et al.,
201425

1 45 1/1 Minimally invasive
microendoscopic LSTV
resection & discectomy

Complete
resolution

Minimally invasive
LSTV resection is

effective for treatment
of low back pain
associated w/

Bertolotti’s syndrome

Li et al., 20147 7 43.3 (26–63) 4/7 Minimally invasive
tubular LSTV resection

Complete
resolution (3),

improvement (2),
initial improvement

followed by
recurrence (2)

Minimally invasive
surgical approach for
LSTV resection is
effective for pain

resolution in patients w/
Bertolotti’s syndrome w/

pain refractive to
conventional therapy

CONTINUED ON PAGE 6 »
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» CONTINUED FROM PAGE 5

TABLE 1. Literature review of studies reporting outcomes of different operative management techniques for the treatment of low back pain
in Bertolotti’s syndrome

Authors & Year No. of Patients
Mean Age

in Yrs (range)
No. of

Females/Total

Operative
Management (no. of

cases)
Pain Outcomes
(no. of cases) Conclusion

Babu et al.,
201729

2 27.5 (17–38) 2/2 LSTV O-arm
neuronavigational

resection

Complete
resolution (2)

Excellent outcomes
achieved w/ navigation
guidance approach to
locate & completely
resect LSTVs in 2

patients

Ju et al., 201726 61 53 ± 12 42/61 Combined resection of
L5 transverse process
& decompression of

L4 nerve root

Average 4.68-point
decrease in VAS
score across all
patients (7.54
preop, 2.86
postop)

When pain relieved by
anesthetic block of
pseudoarticulation or
selective L4 exiting

nerve root, bisectional
cutting of base of

transverse process of
L5 using paraspinal
route can be effective

treatment for
Bertolotti’s

Adams et al.,
201831

1 37 1/1 Nonsegmental pedicle
screw instrumentation
w/ low-profile screws
on rt side w/ fusion
using allograft &

rh-BMP2 bone graft
substitute

Complete
resolution of preop
symptoms from

rare Castellvi type
IV LSTV at 2-wk FU

Patients w/ symptoms
consistent w/ Bertolotti’s
syndrome should be
considered for surgical
treatment even if they
have Castellvi type III

or IV LSTV

Louie et al.,
201930

2 15 (14–16) 2/2 Resection of L5
transverse process

Pain & functional
status improved w/

in 6 wks &
continued through

last FU

Resection of l5
transverse process

fused to sacral ala can
reduce pain & improve
overall function; even
in young patients,
surgical intervention
should be considered
to mitigate yrs of
chronic pain &

additional degenerative
change

Mikula et al.,
20226

27 40 ± 16 18/27 Fusion (9) vs resection
(18)

No statistically
significant

difference in short-
term pain

improvement
(< 6 mos) btwn
fusion & resection
groups, but fusion
provided superior

long-term
(> 12 mos) pain
improvement

Patients w/ Bertolotti
syndrome who
underwent fusion
across LSTV had

higher rate of long-term
pain improvement vs

patients who underwent
resection of LSTV
pseudoarticulation

CONTINUED ON PAGE 7 »
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for Bertolotti syndrome: fusion of the abnormal segment and resection of
the pathologic joint. In the present case, an instance of Castellvi type II
disease, similar to the cases reported by J€onsson et al.,14 resection of
the pseudoarticulation can result in significant pain relief potentially due
to the restoration of lumbosacral junction biomechanics to a seminormal
state.15,16 In the present case, the patient had robust symptomatic im-
provement that was maintained even at the 3-year follow-up.

Other series have looked at pseudoarticulation resection and de-
compression of the compressed lumbar nerve root in Bertolotti syn-
drome.7 The basis for this treatment stems from the observation
that radiculopathy is the presenting symptom for more than 70%
of individuals affected by Bertolotti syndrome, with compression
caused by the extraforaminal bulk of the L5-sacroilial pseudoarticu-
lation/fusion mass.8 As mentioned previously, J€onsson et al.14 noted
complete pain relief in 70% of their patients who had experienced
transient symptom relief after local anesthesia of the pseudoarticu-
lation. Abe et al.17 subsequently described the case of a 37-year-old
male with back and left leg pain secondary to extraforaminal stenosis
by a Castellvi type IIb pseudoarticulation with associated osteophyte
formation compressing the exiting L5 root. The patient underwent a
left-sided extraperitoneal approach with resection of the osteophyte;
he endorsed complete relief of symptoms through the 1-year

follow-up. Kikuchi et al.18 similarly utilized an anterior extraperitoneal
approach for L5 root decompression and resection of the L5 trans-
verse process osteophyte in a person with Bertolotti syndrome and a
left-sided Castellvi type IIA LSTV. As in the case reported by Abe
et al.,17 the patient had complete pain relief through the 1-year fol-
low-up. More recently, Malham et al.19 also utilized an anterior ret-
roperitoneal approach for pseudoarthrectomy and extraforaminal
decompression in two patients with medically refractory low-back
pain and Castellvi type IIA LSTV. At the 2-year follow-up, both
had continued robust pain relief, had returned to work, and were
engaged in low impact exercise.19

However, posterior approaches seem to have become increas-
ingly popular relative to anterior approaches, likely due to the famil-
iar positioning and reduced risk of bowel injury. Ichihara et al.19

described their use of a posterior paramedian approach for resec-
tion of the pseudoarticulation in a patient with Bertolotti syndrome
secondary to a Castellvi type IIB LSTV with left L5 root compres-
sion. The patient had robust improvement in pain that continued
through the 2-year follow-up. Weber and Ernestus21 and Shibayama
et al.22 likewise reported success with open and minimally invasive
approaches for extraforaminal decompression of the root, noting
continued pain relief at the 1-year and 30-month follow-ups. Similarly

» CONTINUED FROM PAGE 6

TABLE 1. Literature review of studies reporting outcomes of different operative management techniques for the treatment of low back pain
in Bertolotti’s syndrome

Authors & Year No. of Patients
Mean Age

in Yrs (range)
No. of

Females/Total

Operative
Management (no. of

cases)
Pain Outcomes
(no. of cases) Conclusion

Chang et al.,
202232

1 39 0/1 Minimally invasive
microscopic tubular
articular resection
w/ C-arm guidance

Free of pain/
symptoms at 2-yr
postoperative FU

Simple resection of
pseudoarticulation is
most effective surgical
treatment in patient w/

degeneration of
anomalous articulation
or facet joint above
LSTV; decompression
of nerve root effective

for patients w/
radiculopathy who
respond to selective
nerve root-block

procedure; fusion may
be indicated when

there is coexisting joint
instability w/ increased

motion

Stein et al.,
202333

1 57 1/1 Minimally invasive
endoscopic LSTV

resection

Sustained
improvement

Endoscopic resection of
anomalous LSTV is
effective treatment for
refractory Bertolotti’s

syndrome, w/ extensive
resection along entire

length of LSTV
providing more

complete pain relief

ant 5 anterior; FU 5 follow-up; pst 5 posterior; VAS 5 visual analog scale; JOA 5 Japanese Orthopedic Association.
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Ugokwe et al.,23 Miyoshi et al.,24 and Takata et al.25 reported suc-
cessful pain reduction through the 1-year follow-up after resection of
the pseudoarticulation.

Subsequently, Li and colleagues7 reported on a series of seven
patients with Bertolotti syndrome who had undergone minimally in-
vasive resection of the pathologic pseudoarticulation for extraforami-
nal decompression; all had full or partial relief of pain preoperatively
with trigger point injection. All patients experienced improvement in
their low-back pain, and six experienced improvements in their radic-
ular pain component; only two patients had recurrence of either com-
ponent, and three patients remained pain free at the last follow-up.

Contemporaneously, Ju and colleagues published their experi-
ence with a similar approach in 61 patients with Bertolotti syn-
drome and Castellvi type I/II LSTV using an open L5 transverse
processectomy for decompression of the L4 nerve root.26 Both
groups experienced significant pain relief, though the relief was
greater in patients whose pain had been relieved by a preopera-
tive L4 nerve root block versus injection of the pseudoarticulation
itself.

As noted by some of the aforementioned studies, including those
by Li et al.7 and J€onsson et al.,14 decompression may not result in
robust benefit for a subset of patients. For these patients, the main
symptom driver may be the altered biomechanics of the lumbosa-
cral junction as opposed to extraforaminal compression. Santavirta
et al.16 compared the outcomes of two interventions in their series
of 16 patients, 8 of whom underwent transverse processectomy and
8 of whom underwent posterolateral fusion. The authors reported
equipoise between the interventions in terms of low-back pain im-
provement and improvement in functionality on the Oswestry pain
scale. Both operatively treated groups had better pain outcomes rel-
ative to those of conservatively managed controls, but Oswestry
Disability Index outcomes were similar. It was noted that fusion pa-
tients had disc degeneration more frequently than resection pa-
tients, leading others to recommend transverse processectomy for
patients whose condition failed conservative management.

Mikula et al.6 additionally compared outcomes following fusion
and decompression alone in 27 patients treated for Bertolotti syn-
drome. Although short-term (<6 months) pain improvement was
similarly high in both groups (78% vs 100%), patients who under-
went fusion had a significantly higher likelihood (78% vs 28%) of re-
porting long-term (>12 months) pain relief. Aside from these two
studies, there appears to be a dearth of evidence comparing de-
compression and fusion for Bertolotti syndrome. However, a recent
cadaveric study by Golubovsky et al.27 suggests the optimal surgi-
cal approach may depend upon the status of the lumbar motion
segments immediately cephalad to the LSTV. Using a sample of
seven cadaveric spines, the authors tested the biomechanics of the
spines in five states: 1) the intact state, 2) an LSTV-mimic state
wherein a 3D-printed surrogate of the LSTV pseudoarticulation was
affixed to the cadaveric spine with bone cement so that it emulated
the spine of an actual patient with Bertolotti syndrome, 3) the
LSTV-mimic state with an L5–S1 instrumented fusion, 4) the LSTV-
mimic state with an L4–S1 fusion, and 5) the LSTV-mimic state with
an L4–5 fusion. The LSTV-mimic spine had significantly decreased
lateral bending and axial rotation range of motion relative to the in-
tact spine but increased lateral bending motion at L2–3. The L4–S1
and L4–5 fusion constructs both showed significantly greater flex-
ion/extension, axial rotation, and lateral bending motion at the L3–4
and L2–3 motion segments. These data suggest that fusion of the

caudal lumbar segments in LSTV patients create stress risers at
the more cephalad segments, which may predispose them to more
rapid degeneration. Nevertheless, they did decrease bending mo-
ments of the L5–S1 segment. Consequently, the authors argued in
favor of resection alone for isolated LSTV with relatively healthy ad-
jacent segments to reduce the risk that future surgical intervention
would be required. But for patients with multilevel degenerative
changes also meriting surgical intervention or where there is exist-
ing instability at the L5–S1 (LSTV) segment, instrumented fusion
may create superior outcomes.

Ultimately, selection of the treatment approach should be guided
by sound clinical judgement and the specific presentation of the pa-
tient. For patients whose primary complaint is isolated low-back
pain—as was the case for the patient described in this report—
treatment directed at the pseudoarticulation is normally a reason-
able course of action. As we report, complete pain relief can be ob-
tained in part due to the restoration of normal motion and the
reduction of mechanical low-back pain. Additionally, it is thought
that the pseudoarticulation contains abnormal nociceptors that sig-
nal along the medial branch pathway to produce the sensation of
low-back pain in a manner similar to pseudoarthrosis-induced back
pain.28 As such, resection of the pseudoarticulation effectively de-
stroys and removes the nociceptors responsible for generating low-
back pain. In select patients, fusion can also prove effective as a
treatment for Bertolotti syndrome because it eliminates the motion
that activates the pseudoarticulation nociceptors. This is similar to
fusing a pseudarthrosis to achieve pain relief. The decision to per-
form joint resection without fusion in the illustrative case we de-
scribe was also based on the state of the native L5–S1 disc. If the
disc had exhibited signs of significant deterioration with poor quality
facet joints, concomitant fusion could have been considered.28 How-
ever, for young patients and patients with healthy discs and facet
joints, fusion is generally not necessary.

Transverse processectomy, on the other hand, may be most
suitable for patients with leg pain similar to foraminal stenosis–in-
duced radiculopathy.26 In Bertolotti syndrome, instead of foraminot-
omy to decompress the root at the foramen, decompression of the
extraforaminal nerve requires removal of the large articulation (i.e.,
resection of the transverse process). Altogether, because Bertolotti
syndrome with leg pain is a rare condition, with its treatment rarer
still, there is only level III evidence to support this rationale. How-
ever, as our review of the literature demonstrates, sound clinical de-
cision-making that is based on each patient’s unique clinical
presentation generally improves pain scores and overall quality of
life in those experiencing Bertolotti syndrome.

Limitations
The present study has several limitations. First, the literature re-

view is based on limited case series comprised of retrospective
data. These are subject to selection bias in that good surgical can-
didates are more likely to be offered surgery, as well as institutional
biases wherein the preference for resection versus fusion of the
LSTV may be dictated by standard institutional practices. Reported
pain and functional outcomes are also difficult to compare in the ag-
gregate, because of the variability in reporting across publications.
Last, most reported cases have only 1 to 2 years of follow-up. This
limited follow-up and the difficulty in generalization that stems from
the small sample size can likely be addressed through a prospective
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multicenter collaboration that examines standardized pain and func-
tional outcomes.

Lessons
Lumbosacral transitional vertebrae alter the biomechanics of the

lumbosacral junction and can cause extraforaminal compression of
the lower lumbar roots, leading patients to present with radicular
and/or axial pain components. Herein, we report the case of a 36-
year-old female with medically refractory back pain-predominant
Bertolotti syndrome, who underwent minimally invasive resection of
her pseudoarticulation with robust pain relief through her 3-year
follow-up. Image guidance with intraoperative navigation can be ex-
ceptionally helpful during resection due to the potential for disorien-
tating transitional anatomy. Pseudoarticulation resection appears to
be the favored operative strategy for patients with medically refrac-
tory disease, though limited evidence suggests that fusion may offer
superior outcomes for select patients.

Further delineation of the best indications for surgical manage-
ment and a comparison of fusion and pseudoarticulation resection
are merited and will likely benefit from a prospective multicenter trial.
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