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Abstract

Conservative treatment of High-Grade Spondylolisthesis in adolescents and young adults is prone to fail according to the
literature and there are still many questions to be answered regarding what is the best technic and is it necessary to include L4L5
in the fusion at the index procedure. This retrospective study was designed to assess the outcome of ten consecutive patients
diagnosed with HGS and operated on over a period of 8 years, submitted to surgical treatment between 2013 and 2021 by the same
spine team. All patients underwent posterior decompression and fusion using the Spinal Deformity Study Group classification and
guidelines for treatment. The mean follow-up was 4,3 years and patients were assessed clinically and radiologically. All patients
showed signs of radiological fusion and remain asymptomatic clinically. Posterior only approach with circumferential instrumented
L5S1 fusion with autologous bone graft and a transdiscal L5-S1 screw is a safe and reliable option for the treatment of HGS in this
age group, preserving the L4L5 disc and achieving good clinical and radiologic outcomes.
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Introduction

Herbiniaux first described spondylolisthesis in 1782; this term
derives from the combination of spondylos - spine - and olisthesis
- slippage and refers to the anterior displacement of a vertebra on
its next caudal vertebra [1]. Based on Newman'’s work it was Wil-
tse [2] who proposed the physiopathology classification most used
nowadays - Type I dysplastic; type Il isthmic spondylolisthesis; type
I1I degenerative; type IV traumatic; type V pathologic; type VI iat-
rogenic. Meyerding’s classification [3] categorizes the amount of
sagittal slippage in 5 grades (I 0-25%, I1 25-50%, I11 50-75%, IV 75-
100%, and V is spondyloptosis) - the term High-Grade Spondylolis

thesis (HGS) refers to a slippage over 50% (1% of spondylolisthesis
patients). [4] The highest rate of spondylolisthesis slippage is found
in Wiltse’s type I (incidence of 32%), hence most of the HGS cases
are dysplastic. Spondylolisthesis is one of the most frequent caus-
es of lumbar pain in adolescents (sensitivity of 81% and specificity
of 39.7%) [5,6]. In HGS significant changes in sagittal balance may
occur - patients might present with kyphotic deformity and com-
pensatory mechanisms above (lordosis increase in the remaining
lumbar levels) and below (pelvic retroversion, flexion of the hips
and knees) [7].
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Non-surgical treatment will suffice in the majority of spon-
dylolisthesis cases, [8] but in high-grade patients there’s a higher
tendency to progression, it may present earlier in childhood, and is
more commonly associated with neurologic impairment due to the
compression of the nerve roots by the intact elongated pars - there-
fore is most likely to be treated with surgery [9] There are many
different procedures proposed for the treatment of HGS patients,
but still no consensus in the literature. This paper aims to review
the results of the HGS patients surgically treated at our institution
and try to define the rationale behind the choice of the surgical pro-
cedure.

Methods

The study design was a retrospective evaluation of systemat-
ically followed-up patients, analyzing both clinical and image re-
sults, done by the same author using validated software, conducted
during 2022 and 2023. Ten consecutive patients diagnosed with
HGS, submitted to surgical treatment between 2013 and 2021 by
the same spine team were enrolled in the study. Patients with pre-
vious surgery, other musculoskeletal conditions, or lower extrem-
ity abnormalities were excluded. Preoperative and postoperative
clinical data were collected from the medical records; lumbar pain,
irradiated pain, neurologic deficits, posture, and gait abnormalities
were registered. Standard standing posterior-anterior and lateral
radiographs of the spine were obtained preoperatively and during
the follow-up period. Lumbopelvic parameters were obtained - pel-
vic incidence (angle between a line connecting the center of the
upper endplate of S1 to the center of the femoral heads and a line
perpendicular to the endplate of S1), sacral slope (angle between
a horizontal reference line and the endplate of S1) and pelvic tilt
(angle between a vertical line and a line connecting the center of
the upper endplate of S1 to the center of the femoral heads). Slip
magnitude was classified according to Meyerding’s3; Slip Angle was
defined as the angle subtended by the S1 endplate and the inferior
endplate of L5 [10]; SDSG Classification of HGS [11] was applied to
every case. Besides clinical improvement, fusion achievement was
also a major outcome - it was defined as the radiological mainte-
nance of the correction throughout follow-up time.
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Results

Ten patients, nine females, all diagnosed with high grade L5-
S1 spondylolisthesis, with an average age of 19,70 + 3,10 years old
(60% between 13 and 17years old) at the time of surgery. Lum-
bar pain was the main symptom and present in all cases, and half
also complained of irradiated pain; there were no cases of gait ab-
normalities nor neurologic deficit. Pre-operatively 3 patients were
Meyerding’s grade Ill and 7 patients were Meyerding’s [V; no spon-
dyloptosis case was included. According to SDGS’s classification, 2
patients were grade 1V, 5 patients were grade V, and 3 were grade
VI. The mean slip angle was 24,90° + 5,12. Pelvic Incidence had a
mean value of 74,80 + 2,82, sacral slope 44,50 + 2,75, pelvic tilt
29,20 * 2,53 and lumbar lordosis 59 + 15,27.

All patients were operated on by the same surgical team and
submitted to a single-stage posterior-only approach. The prone
positioning on the surgical table with hyperextended hips allows
some reduction of the translation and the slip angle. Decompres-
sion by L5 laminectomy was performed in all cases - this gesture
enables the adequate visualization and protection of L5 nerve roots
during the reduction maneuver (the most commonly injured) and
allows the harvesting of autologous bone graft to promote the in-
terbody fusion. L551 discectomy was performed, and in highly dys-
plastic cases, an S1 dome osteotomy was also performed to allow
better disk access and ease the reduction. Pedicular screws placed
on S1 and L5 (and in some cases L4) enable the reduction process,
end-plate preparation, the interposition of the autologous bone
graft, and posterior lordotic compression. Four cases were instru-
mented with bilateral pedicular screws (three cases L4-L5-S1 and
one monosegmental L5-S1). In the latter 6 cases, the surgical tech-
nique was improved - the reduction was performed with a unilat-
eral screw in S1, which was temporarily fixed with a unilateral rod
with posterior lordotic compression; then a pedicular entry-point
was drilled in S1, but with a trajectory oriented upwards and me-
dially, to transfix the S1L5 disk space and gain tricortical fixation
(Figure 1). As the final step of definitive fixation, bilateral rods were
placed. The procedure was performed under intra-operative neu-
rophysiologic monitoring. No cast immobilization or orthosis was
used in the post-operative period.

Figure 1: Preoperative (A) and postoperative (B) lateral standing radiographs.
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Post-operatively significant imaging improvement was ob-
served - only one patient remained with a high-grade spondylolis-
thesis (but improved from Meyerding’s IV to Il and reduced the
slip angle in 20°), five achieved grade I and four achieved grade II.
The mean slip angle was improved by 18,20° (p 0,005) resulting in
an average follow-up absolute value of 6,70° + 1,995; sacral slope
improved from 44,50 * 2,754 to 52,90 £ 3,734 (p 0,012) at last fol-
low-up. In order to assess Lumbar Lordosis pre and post-operative
we used as a reference, distally, the perpendicular to the posterior
wall of S1 in those with a dysplastic dome format [12] and there
was an overall increase of lordosis (mean 4,5°+ 3,24) from 60,40°
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+ 5,09 to 64,90° + 3,16, which can be explained by the increase of
the sacral slope as consequence of the manoeuvres performed to
reduce the slip angle and to facilitate reduction of the slipped verte-
bra, although it was not statistically significant (p 0,199).

Fusion was achieved systematically, without correction loss.
Two patients, with pedicular screws only (without the transdiscal
S1L5 screw), presented implant failure, with a break of S1 screws
(Figure 2); this was asymptomatic and not associated with correc-
tion loss, hence no specific treatment was performed. There were
no cases of re-operation and no other complications. The mean fol-
low-up time was 4,3 years (51,63 = 9,05 months).

Figure 2: Preoperative and postoperative (with S1 broken screw) lateral standing radiographs.

Discussion

Although HGS is commonly diagnosed during childhood or ad-
olescence, conservative treatment is often the first treatment op-
tion, and it is known that the need for surgical treatment is rarer
in younger ages [13], explaining the average age of our population
at the time of surgery of 19 years old. Treating pain-free patients is
still a matter of debate - some authors propose surgical treatment
for chronic postural anomaly associated with hamstring tightness
[13], and others suggest considering the risk of slip progression,
which is greater in high-grade patients compared to minor listhesis
[14], as a relative indication for surgery. In our series all patients
were symptomatic - persistent back pain and postural deformity
were the main reasons to proceed to surgery; radicular symptoms
were less frequent.

The objective of the surgical procedure should be to decom-
press neurologic structures and to promote fusion with a normal
sagittal alignment [15,16] although, there is still no consensus on
the optimal surgical option. HGS surgical treatment used to be no
different from the lower-grade cases - as a matter of fact, in situ
posterior fusions remain the most frequently performed proce-
dure [17,18] but considering the higher risk of non-fusion and slip
progression in these patients, more complex surgeries have been
proposed [19] With a wide range of surgical options available, the

question of utmost importance is what is the ideal type of surgery
for each patient and which is the subjacent rationale for that choice.

The Spinal Deformity Study Group suggests a classification sys-
tem based on sagittal alignment and the requirement of compen-
sation mechanisms [11,20]. According to these authors, low-grade
spondylolisthesis cases are included in the I-1I-1II types; high-grade
spondylolisthesis is subdivided in type IV to VI accordingly: type
IV is HGS with a balanced pelvis, type V is HGS with unbalanced
pelvis (following the definition of Hresko, et al, [11] but sagittal
aligned spine; and type VI, a sagittal unbalanced spine. This grading
aims to guide the surgical procedure correspondingly - the more
unbalanced the spine, the higher the need for reduction to achieve
sagittal balance and a solid interbody fusion. All our HGS surgically
treated patients were submitted to decompression and posterior
instrumentation and achieved circumferential fusion; reduction
maneuvers were attempted accordingly to the spinopelvic balance.

In SDSG type 1V forceful reductions were not endeavored, as
these patients are considered to have a balanced pelvis and normal
sagittal alignment therefore they present without compensatory
mechanisms, and surgical reduction of the listhesis is not manda-
tory - although the term “in situ” fixation is used, it is known that
intra-operatively under general anesthesia and with the surgical
positioning (prone with hips hyperextension and knee flexion), the
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elasticity of the intervertebral disk allows some degree of slippage
reduction even without the aid of specific reduction efforts [21].
The patients with SDSG type VI (unbalanced spine) are the ones
that need more investment in the slippage reduction attempt. Lam-
inectomy allows access to the L5-S1 disk to perform a complete
discectomy, allowing the realignment process. Another obstacle
to the reduction is the presence of significant S1 dysplasia, usually
characterized by a dome-shaped endplate, that hardens the trans-
lation of the L5 body over S1 - this can be overpassed by perform-
ing an osteotomy that flattens the S1 endplate perpendicular to the
body posterior wall; the S1 osteotomy also enlarges the bony con-
tact area, optimizing the odds to achieve arthrodesis18. Extending
the instrumentation to L4 and placing temporary rods will allow
further distraction and add an anchoring point to persuade the L5
pedicular screws posteriorly to perform the slippage reduction; the
L4 screws can then be removed allowing the L4-L5 to keep its mo-
bility, or be maintained to extend the fusion further to the L4-L5 -
extending fusion to L4 should be considered when reduction is not
satisfactory, in the presence of L4-L5 listhesis, severely degenerat-
ed L4-L5 disk, the integrity of L4-L5 facets after decompression,
and the quality of L5 pedicles which can be indirectly measured by
the surface area of the L5 transverse processes (higher risk of non-
union when <2cm?2) [22].

In some cases anatomic reduction cannot be achieved, nor is
imposed - according to Labelle, et al. [23], in type VI subjects re-
duction should be preferred, but in difficult cases partial reduction
(to grade II Meyerding) could suffice to achieve adequate sagittal
alignment. Also, it is known that the slippage angle improvement is
more important to gaining spinopelvic balance than the magnitude
of the translation [24], and that the lumbosacral angle (particularly
when left kyphotic) is an identified risk factor for non-union [17].

There are many instrumentation options described in the lit-
erature for treating HGS patients. Omidi-Khashani, et al. [25] per-
formed posterior instrumentation from L4 to S1 without interbody
graft, with no cases of non-union. First reported in 1982, the classic

Table 1: Literature review.
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Bohlman technique [26], describes the creation of a hole through
the center of S1 and L5 bodies which is filled by a fibula strut graft
that promotes fusion. This technique was later modified [27] using
a threaded titanium cage packed with morselized autologous bone,
instead of the fibular graft, providing more rigid immobilization
and eliminating the associated comorbidities. Grob, et al. [28] first
described the usage of two cancellous bone screws inserted bilat-
erally through the pedicles of the lower vertebra into the body of
the upper slipped vertebra, in a trans-discal fashion, also reporting
100% fusion rates. Moreau, et al. [17], reported a review of their
technique extending the fusion proximally to L4 and applying two
convergent screws in S1, one parallel to the plate and the other
trans-discal, resulting in 14% of non-unions. In a biomechanical
comparison of types of transdiscal fixation implants for HGS, the
transdiscal screws were superior to transdiscal fibular strut and
transdiscal titanium mesh cage in reducing segmental range-of-mo-
tion under mechanical stress [29]. In our series, posterior approach
alone was performed, with decompression and circumferential fu-
sion with posterolateral instrumentation and interbody autologous
bone graft - fusion was achieved in all patients, without any cases
of non-union.

However, for the type VI in our series, although we were able
to improve the slip angle by 18,2° and the spinal sagittal alignment,
PT remained within normal values (26,1°) for this high PI (77,6°)
group of patients [30], but we were not able to change the SDSG
grade. These findings have been pointed out earlier by Labelle, et al.
[31], where the postoperative improvement in slip angle, in spinal
sagittal alignment and lumbar lordosis was correlated with a better
outcome. At 4,3y follow up, all our patients are asymptomatic but if
we aimed to achieve a more significant lumbar lordosis we believe
that we would have to fuse up to L4 and in order to gain more lor-
dosis at the suprajacent L4L5 disc. Looking at the literature (Table
1) on the surgical treatment of high grade spondylolisthesis, most
of the published series have a similar number of patients and re-
duction was also within the same figures as in the one presented
in this series.

Series Cases (n) LAY Procedure Reduction Failure(n) Notes
(months)
Anterior cantilever reduction + o
Tu, 2021[32] B 36 ALIF + posterior instrumentation 138 0
Alijanipour, 11 93 Anterior reduction, circumferen- 20.7° 0 one case of transient
2021[33] tial fusion, no decompression ’ neuralgia
No reduction, posterior, decom- No reduction, but fusion
Elnokaly, 2020[34] 6 32 pression and fusion No 0 to L3-L4
Anterior support with
statistically better LSA
Martikos, 2019[35] 28 38 Multiple techniques 12,3° 4 improvement (transdiscal
screw included in this
group)
Modified Bohlman (no reduction,
posterior, fibular L5-S1 graft) Lordosis compensation at
Jamshidi, 2019[36] 14 12 Reverse Bohlman (ALIF L4-L5, 11,7° 0 p
- e L4-L5, not L5-S1
anterior fibular L5-S1 graft, pos-
terior L4-L5-S1 screws)
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Being a retrospective study, there are some intrinsic limitations
to this analysis - we have to consider the possible weaknesses of the
previously registered medical records, which can be biased, insuf-
ficient, or lacking homogeneity between different patients. There
were no consistent scores registered pre-operatively, making it
impossible to solidly compare clinical results. Being an infrequent
condition, the relatively low number of HGS cases was expected, but
limitative for a thorough analysis; the lack of a control group of un-
treated patients is also a statistical drawback. These limitations are
reflected in the available literature - existing publications are quite
limited, and well-designed strong evidence studies to evaluate op-
erative and nonsurgical interventions for high-grade spondylolis-
thesis are very rare [37].

Conclusion

There is still no consensus on the surgical treatment of HGS. The
most commonly applied strategy, in situ fusion, can be performed
in patients with good spinopelvic balance, but reduction should be
preferable in sagittal unbalanced cases. Posterior only approach
with circumferential fusion with autologous bone graft and trans-
discal L5-S1 screw is a safe and reliable option for the treatment of
HGS in adolescents and young adults, preserving the L4L5 disc and
achieving good clinical and radiologic outcomes.
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