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Abstract Background The impact of minimally invasive decompression (MID) techniques on
spinopelvic parameters and on the sagittal alignment remains a controversial topic.
Here we studied the changes in clinical and radiologic parameters and their relation-
ships in a series of lumbar spinal stenosis (LSS) submitted to MID with a minimum
follow-up (FU) of 24 months.

Methods We prospectively collected clinical and radiologic data of 20 consecutive
patients who were evaluated preoperatively, at the 6-month FU, and at the 24-month
FU. Visual analog scale (VAS) for back and leg pain, Oswestry disability index (ODI),
neck disability index (NDI), sagittal vertical axis (SVA), C7 slope (C7S), lumbar lordosis
(LL), pelvic incidence (PI1), pelvic tilt (PT), and sacral slope (SS) were assessed for each
patient. Moreover, the percentage variation of clinical and radiologic factors at the 24-
month FU compared with the preoperative factors was calculated to perform correla-
tion studies among these variables.

Results We reported a significant improvement of all clinical parameters. A signifi-
cantincrease of LL and SS and a significant decrease of PT and SVA were observed. The

Keywords preoperative values of ODI, LL, SS, PT, and SVA significantly affect the 24-month FU
= sagittal balance values, and the percentage improvement of SVA at the 24-month FU compared with
= minimally invasive the preoperative values was significantly related to the percentage improvement of LL.
decompression Conclusions MID is clinically effective in patients with LSS and improves the
» |umbar spinal spinopelvic parameters and the global sagittal balance of the spine. The preoperative
stenosis spinal alignment affects the spinal alignment at FU. The improvement of SVA was
= spine surgery strictly related to the improvement of LL.
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Change of Clinical and Radiologic Parameters after MID in Patients with LSS

Introduction

Lumbar spinal stenosis (LSS) is one of the most common
degenerative diseases of the elderly population and is asso-
ciated with low back pain (LBP) and neurogenic claudication.
LSS is the consequence of a degenerative cascade due to the
loss of disk height and hypertrophy of ligamentum flavum
and facet joints."? These events lead to several compensato-
ry modifications, namely, a decrease of lumbar lordosis (LL)
and an increase in pelvic tilt (PT) overall causing an anterior
sagittal imbalance® that can ultimately negatively affect the
symptoms. When symptoms are present, surgical decom-
pression has been demonstrated to improve quality-of-life
outcomes in patients with LSS.> Minimally invasive decom-
pression (MID) techniques have gained attention in the last
few years due to their reported surgical advantages, such as
shorter operation and lower surgical complications leading
to a decrease of hospitalization-related costs.® MID techni-
ques aim to remove the hypertrophic ligamentum flavum
and a little portion of lamina, thereby alleviating pressure on
neural structures, thus improving the clinical outcome. The
restoration of a normal sagittal balance in corrective surgery
for spinal deformity is a key factor in determining the clinical
success’; however, the impact of MID on spinopelvic param-
eters and the sagittal balance has not been well established
and remains controversial. In fact, among few published
studies on this topic,®'* to the best of our knowledge,
only three were prospectively collected series with a maxi-
mum follow-up (FU) of 1 year.!””'” Here we studied the
changes in clinical and radiologic parameters and their
correlations in a prospectively collected series of patients
submitted to MID for an LSS with a minimum FU of 2 years.

Methods

We prospectively collected the clinical and radiologic data of
24 consecutive patients (16 females and 8 males) submitted
to MID'® for the treatment of LSS, from January to
March 2019. One of the patients declined after reading the
informed consent, two patients were excluded because they
were affected by rheumatic disorder (polymyalgia rheumat-
ic), and one was affected by lumbar spondylolisthesis. There-
fore, the number of patients enrolled was 20 (14 females and
6 males; see =Table 1). All the patients provided a written

Table 1 Demographic data of 20 patients submitted to
minimally invasive decompression for lumbar spinal stenosis,
from January to March 2019

Patients 20

Sex (F/M) 14/6

Mean age (y) 71.68 +£8.59
Number of operated levels

1 1

2 14

3 5
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informed consent, which was approved by the local ethical
committee. The mean age was 71.68 + 8.59 years. All patients
had no previous lumbar spine operation and complained of
lumbar/legs pain and/or neurogenic claudication unrespon-
sive to conservative treatments for at least 1 year. Patients
with spondylolisthesis, scoliosis with a Cobb angle of more
than 20 degrees, and neurologic, oncologic, and rheumatic
disorders were excluded from this study. All patients were
evaluated for clinical and radiologic parameters preopera-
tively, at 6 months of FU, and at 24 months of FU. Preopera-
tively each patient underwent lumbar spine magnetic
resonance imaging (MRI), full-body X-ray (in anterior and
lateral projections), and lumbosacral X-ray. Full-body X-ray
and lumbosacral X-ray were also performed at 6 and
24 months of FU. Visual analog scale (VAS) for both LBP
and legs pain, Oswestry Disability Index (ODI), and Neck
Disability Index (NDI) were evaluated as clinical parameters.
Sagittal vertical axis (SVA), C7 slope (C7S), LL, pelvic inci-
dence (PI), PT, and sacral slope (SS) were assessed for each
patient.”’.'19 The percentage variation of clinical and radio-
logic factors at the 24-month FU were calculated to perform
correlation studies among these variables.

Surgical Technique

The surgical procedure has been previously reported.'®
Briefly, under general anesthesia and in the prone position,
the correct level of surgery is confirmed using intraoperative
imaging. A midline skin incision is made and the fascia is
incised bilaterally preserving the supraspinous and interspi-
nous ligaments and the spinous processes. After exposing the
laminae and the facet joints, under microscopic view, a larger
interlaminar space is made by removing a little rim of bone
from the caudal aspect of the cranial lamina and the cranial
aspect of the caudal lamina. The ligamentum flavum is then
removed bilaterally and the spinal recess is opened bilater-
ally by undercutting minimal portions of the medial facet
joints. At the end of the procedure, the dural sac and the
nerve root are bilaterally decompressed.

Statistical Analysis

Statistical comparison of continuous variables and ordinal
variables was performed by the Student’s t-test and by
Wilcoxon signed-rank test, as appropriate. Correlation stud-
ies were performed using Spearman’s rank correlation test.
Differences were considered significant at p < 0.05. Statisti-
cal analyses were conducted using StatView, version 5,
software (SAS Institute Inc., Cary, North Carolina, United
States).

Results

Clinical Parameters
The preoperative, 6-month FU, and 24-month FU clinical
scores are reported in =Table 2.

Briefly there was a statistically significant improvement
of 6-month FU and 24-month FU LBP compared with preop-
erative LBP (p <0.0001 and <0.0001, respectively). The 6-
and 24-month FU leg pain was also significantly improved



Table 2 Preoperative and FU clinical parameters of 20 patients
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Table 3 Preoperative and FU radiologic parameters of 20
patients included in this study

Preoperative | 6-mo FU 24-mo FU Preoperative | 6-mo FU 24-mo FU
VAS LBP | 8.524+1.02 3.52+2.29 2.05+2.19 SVA 52.60+£55.72 | 39.37+£38.24 | 34.11£35.55
VAS legs | 8.424+0.83 3.57+2.16 1.63+1.95 C7 slope | 28.71+12.52 | 27.52+£12.33 | 29.41 +£10.11
ODI (%) | 63.81+13.39 | 28.72+16.61 | 18.64+15.17 LL 48.61+12.55 | 54.72+11.41 | 58.64+11.27
NDI (%) 37.72+£13.61 | 17.78+15.32 | 14.16+14.32 Pl 61.01+£9.41 62.10£10.11 | 61.55+11.32
Abbreviations: FU, follow-up; LBP, low back pain; NDI, Neck Disability PT 25.61+8.93 22.51+7.23 20.51+7.63
Index; ODI, Oswestry Disability Index; VAS, visual analog scale. SS 35.57+9.02 38.37+8.91 40.62 +9.77

compared with the preoperative leg pain (p <0.0002 and
<0.0001, respectively). Considering the degree of disability,
we observed a statistically significant improvement of ODI
score at the 6- and 24-month FU compared with the preop-
erative score (p <0.0001 and <0.0001, respectively) and of
NDI score at the 6- and 24-month FU compared with the
preoperative score (p =0.0001 and 0.0050, respectively).

Radiologic Parameters
The preoperative, 6-month FU, and 24-month FU radiologic
parameters are reported in =Table 3.

We found a statistically significant LL increase at the 6- and
24-month FU compared with the preoperative LL (p = 0.0084
and 0.0004, respectively) and SS (p=0.0084 and 0.0011,

Fig. 1

Abbreviations: FU, follow-up; LL, lumbar lordosis; PI, pelvic incidence;
PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis.

respectively), while a significant PT decrease at the 6 and
24-month FU compared with the preoperative PT (p =0.0027
and 0.0003) and SVA (p=0.0079 and 0.0123) was observed.
Two illustrative cases are reported in =Figs. 1 and 2.

Correlation Studies

We found a correlation between the preoperative and 24-
month FU ODI (p=0.0188; =Fig. 3A), SVA
(p=0.0042; ~Fig. 3B), LL (p=0.0146; =Fig. 3C), PT

(p=0.0002, ~Fig. 3D), and SS (p=0.0013; =Fig. 3E). No
correlation between the preoperative and 24-month FU
VAS and NDI scores was found.

(A) Preoperative T2-weighted lumbar sagittal magnetic resonance imaging (MRI) of a 59-year-old man with a lumbar spinal stenosis

at the L3-L4 and L4-L5 levels. (B) Preoperative and (C) 6-month and (D) 24-month follow-up full-body X-ray showing a progressive
decrease of sagittal vertical axis (SVA) from 5.51 to 1.35 cm after minimally invasive decompression (MID).
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Fig.2 (A)Preoperative T2-weighted lumbar sagittal magnetic resonance imaging (MRI) of a 78-year-old woman with a lumbar spinal stenosis at
the L4-L5 level. (B) Preoperative and (C) 6-month and (D) 24-month follow-up full body X-ray showing a progressive decrease of sagittal vertical
axis (SVA) from 3.38 to 2.52 cm after minimally invasive decompression (MID).

The mean percentage variation of clinical and radiologic
parameters is reported in =Table 4. We found a statistically

Table 4 Mean percentage variation at 24-month follow-up of
clinical parameters of 20 patients included in this study

A B

= . 10 A VAS LBP 77.28%
2 . « g B ; A VAS legs 80.52%

 w . 80
i 3 =R A ODI 74.24%
8 1 =i o« % : P o» . ..00 63.74%
: . ‘ A NDI 74%
30 40 50 0;0pre 70 80 50 0 50 100 SVA|:: 200 250 A SVA 5‘| .4" %
ALL 25.24%
- o APT 19.24%
ASS 16.93%
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Fig. 3 (A-F) Scatter plots showing the correlations of studied
factors (see text). (FU, follow-up; LL, lumbar lordosis; ODI, Oswestry
Disability Index; PT, pelvic tilt; SVA, sagittal vertical axis.)
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Abbreviations: LBP, low back pain; LL, lumbar lordosis; NDI, Neck
Disability Index; ODI, Oswestry Disability Index; PT, pelvic tilt; SS, sacral
slope; SVA, sagittal vertical axis; VAS, visual analog scale.

significant  correlation between ALL and ASVA
(p=0.0069; =Fig. 3F); no correlation between radiologic
parameters and clinical outcome was found.

Discussion

Degenerative lumbar stenosis is the most frequent disease in
elderly patients undergoing spinal surgery. Surgical treat-
ment usually obtains relief in neurogenic symptoms as
neurogenic claudication and radicular pain in lower limbs,
thus resulting in improvement of functional status. In this
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Table 5 Prospective studies on relationship between minimally invasive decompression, spinopelvic parameters, and sagittal

balance
Study No. of Follow-up | Surgery Aim of study Results
patients | max (mo) | technique
Chang'® 48 6 Unilateral To study the relationship Correlation between
laminotomy for | between spinopelvic parameters | clinical outcome and
bilateral and clinical outcome postoperative spinopelvic
decompression parameters
Madkouri et al'® | 72 12 Bilateral To evaluate the spinopelvic and | Improvement of SVA and
laminotomy sagittal vertical axis (SVA) lumbar lordosis (LL) after
modification after posterior surgery
decompression surgery
Costa et al'’ 104 12 Uni- or bilateral | To determine the relationship No correlation between
interlaminar between preoperative sagittal preoperative sagittal
approach, alignment and clinical outcomes | alignment and clinical
flavectomy and after surgery outcome
laminotomy or
partial medial
facetectomy

work, we studied the changes of clinical and radiologic
parameters after MID in a prospectively collected series of
patients treated for LSS. Moreover, we tried to clarify the
mutual relationship between these parameters. To our
knowledge, only three prospective studies have been previ-
ously published, although with different aims and study
design (=Table 5).">'7 The main results of our study can
be summarized as follows: (1) all studied clinical parameters
significantly improved after MID; (2) among radiologic
parameters, LL, SS, PT, and SVA significantly improved after
MID; (3) the preoperative values of ODI, LL, SS, PT, and SVA
significantly affect the 24-month FU values; (4) the percent-
age improvement of SVA at the 24-month FU compared with
the preoperative SVA is significantly related to the percent-
age improvement of LL; and (5) no correlation between the
percentage variation of clinical and radiologic parameters
was found. The advantages powered by the restoration of
sagittal alignment in patients affected by spinal deformity
are widely reported in the literature and the instrumentation
has become the treatment of choice in these patients.?
Conversely, there are poor evidences concerning the rela-
tionship between MID without instrumentation in treat-
ment of LSS and sagittal alignment. Indeed, only few
articles reported spontaneous correction of sagittal align-
ment after decompressive surgery without fusion.'?'* MID
has been proved as a viable option in treatment of LSS, even
when it was associated with degenerative spondylolisthe-
sis.’® Given the morbidity and the cost of spinal fusion
surgery and the growing attention about minimally invasive
techniques, improving knowledge on the relationship be-
tween the sagittal alignment and MID in the treatment of LSS
is an unmet need in spine surgery. In the last decade, several
authors investigated the sagittal alignment and compensa-
tory mechanisms in patients with lumbar degenerative
disease (LDD)."?! Barrey et al reported how the shape and
inclination of the pelvis appear to influence the type of
degenerative disease in the lumbar spine (disk disease,

spondylolisthesis)." As outlined by Suzuki et al, patients
affected by LSS show pelvic back tilt and forward bending
of the trunk as an adaptive posture, to compensate the
increased epidural pressure and achieve pain relief.?> How-
ever, a long course of forward bending causes an anterior
sagittal imbalance with an increased SVA value.'® Madkouri
et al reported significant improvement of SVA after recali-
bration surgery in patients affected by LSS at the 12-month
FU.'® Also, Chang reported a significant variation of SVA in
the patient undergoing minimally invasive surgery with a
maximum FU period of 6 months."” Accordingly, we found a
significant decrease of SVA at the 6- and 24-month FUs. To
the best of our knowledge, this is the first prospective study
reporting a progressive improvement of SVA at up to
24 months of FU. A possible explanation of our results may
be the low preoperative imbalance of our cohort (SVA ranged
between 50 and 80 mm). This condition may have facilitated
the progressive reduction of SVA during the time. According
to Hikata et al,'> a preoperative SVA>80mm could be
predictive of residual sagittal imbalance after surgery. In
our case series, we had three patients with SVA >80 mm,
showing an improvement of alignment in the postoperative
course, albeit with a residual imbalance at the end of FU. An
imbalance condition leads to compensatory variations of
other spinopelvic parameters in an attempt to maintain
alignment.???3 As outlined, LDDs are usually characterized
by reduction of LL and pelvic retroversion with an increased
PT.2324 In our study, we found that MID surgery leads to
correction of these parameters to a physiologic condition. In
fact, LL and SS showed a statistically significant increase,
while PT had a significant decrease at 6 and 24 months of FU
compared with the preoperative ones. The change of spino-
pelvic parameters was associated with the reduction of SVA
with the effect of recovering a satisfactory balance. Fujii et al
reported that the MID in LSS leads to the breakup of forward-
bending posture to reach a global balance.'? Supporting the
hypothesis of a strong relation between LL and SVA, we found

Journal of Neurological Surgery—Part A © 2022. Thieme. All rights reserved.
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a statistically significant correlation between the percentage
variation of LL and SVA (=Fig. 3F). Concerning the other
correlation analysis (=Fig. 3), we found a correlation be-
tween the preoperative and the 24-month FU SVA, LL, PT, and
SS. This analysis confirms that the entity of preoperative
imbalance and of pelvic parameters affects the radiologic
outcomes after surgery in terms of satisfactory global align-
ment. We found a statistically significant improvement at the
6- and 24-month FU of all clinical lumbar scores (VAS LBP,
VAS leg, and ODI). Moreover, we observed in our patients a
significant decrease of NDI score. In our opinion, these data
are interesting and a possible explanation might be that the
improvement of SVA might positively affect the cervical
disability. Nonetheless, further studies are needed to prove
this association as we did not find a significant variation of
C7S, which has been related to the cervical balance.?® The
correlation between radiologic parameters and clinical out-
comes remains a controversial topic.'?'> Regarding this
debated issue, Chang'” reported a correlation between spi-
nopelvic parameters and clinical outcomes. In our series, we
did not find a clear correlation between modifications in
spinopelvic parameters and improvement of pain scores.
These findings are supported by others studies.’>'” Costa
etal,'” in a retrospective analysis of 104 patients, showed no
correlation between the improvement of spinopelvic param-
eters and the clinical outcomes after a decompression sur-
gery for LSS. Hikata et al'? found no correlation between the
SVA value and the Japanese Orthopaedic Association score
(JOA score) in their series. We think that the improvement of
lumbar pain scores after MID in LSS is mainly related to the
decompression of neural structures after the operation
regardless of the correction of the spinopelvic parameters
and the SVA. The improvement of these last parameters,
which is usually a slow process, might in part positively affect
the overall disability of patients (ODI and NDI improvement),
but it is difficult to demonstrate that from a statistical point
of view. Furthermore, we may speculate that an improve-
ment of global spine alignment could restore a better spine
functioning due to a lower overload of paravertebral muscles.
However, further studies are required to investigate these
issues.

Limitations

The main limitations of this study were the small sample
size and the lack of a control group. Furthermore,
the relative low preoperative imbalance could affect the
FU results and explain the improvement of SVA in our
patients.

Conclusion

MID is clinically effective in patients with LSS and improves
the spinopelvic parameters and the global sagittal balance
of the spine. The entity of spinopelvic parameters and
sagittal balance improvement are related to the preopera-
tive values. The percentage improvement of sagittal align-
ment was strictly related to the percentage improvement
of LL.

Journal of Neurological Surgery—Part A © 2022. Thieme. All rights reserved.

Pennisi et al.

Conflict of Interest
None declared.

Ethics Approval

Ethical approval was waived by the local Ethics Commit-
tee of Catholic University because all the procedures being
performed were part of the routine care.

References
1 Barrey C, Jund ], Noseda O, Roussouly P. Sagittal balance of the

pelvis-spine complex and lumbar degenerative diseases. A compar-

ative study about 85 cases. Eur Spine ] 2007;16(09):1459-1467

Battié MC, Videman T, Parent E. Lumbar disc degeneration:

epidemiology and genetic influences. Spine 2004;29(23):

2679-2690

Barrey C, Roussouly P, Perrin G, Le Huec ]JC. Sagittal balance

disorders in severe degenerative spine. Can we identify the com-

pensatory mechanisms? Eur Spine ] 2011;20(Suppl 5):626-633

Le Huec JC, Thompson W, Mohsinaly Y, Barrey C, Faundez A.

Sagittal balance of the spine. Eur Spine ] 2019;28(09):1889-1905

Weinstein JN, Tosteson TD, Lurie JD, et al; SPORT Investigators.

Surgical versus nonsurgical therapy for lumbar spinal stenosis. N

Engl ] Med 2008;358(08):794-810

Ricciardi L, Stifano V, Sturiale CL, D’Onofrio GF, Olivi A, Montano N.

Minimally invasive decompression with posterior elements preserva-

tion versus laminectomy and fusion for lumbar degenerative spon-

dylolisthesis: a systematic review and meta-analysis of surgical,

clinical and radiological outcomes. Surg Technol Int 2020;36:457-463

Yilgor C, Sogunmez N, Boissiere L, et al; European Spine Study

Group (ESSG) Global Alignment and Proportion (GAP) score:

development and validation of a new method of analyzing

spinopelvic alignment to predict mechanical complications after

adult spinal deformity surgery. ] Bone Joint Surg Am 2017;99(19):

1661-1672

Shin EK, Kim CH, Chung CK, et al. Sagittal imbalance in patients

with lumbar spinal stenosis and outcomes after simple decom-

pression surgery. Spine ] 2017;17(02):175-182

Ogura Y, Shinozaki Y, Kobayashi Y, et al. Impact of decompression

surgery without fusion for lumbar spinal stenosis on sagittal

spinopelvic alignment: minimum 2-year follow-up. J Neurosurg

Spine 2019;30(06):1-7

10 Ogura Y, Shinozaki Y, Kobayashi Y, et al. Impact of sagittal
spinopelvic alignment on clinical outcomes and health-related
quality of life after decompression surgery without fusion for
lumbar spinal stenosis. ] Neurosurg Spine 2019;30(04):1-6

11 Dohzono S, Toyoda H, Matsumoto T, Suzuki A, Terai H, Nakamura
H. The influence of preoperative spinal sagittal balance on clinical
outcomes after microendoscopic laminotomy in patients with
lumbar spinal canal stenosis. ] Neurosurg Spine 2015;23(01):
49-54

12 Fujii K, Kawamura N, Ikegami M, Niitsuma G, Kunogi ]. Radiologi-
cal improvements in global sagittal alignment after lumbar
decompression without fusion. Spine 2015;40(10):703-709

13 Hikata T, Watanabe K, Fujita N, et al. Impact of sagittal spinopelvic
alignment on clinical outcomes after decompression surgery for
lumbar spinal canal stenosis without coronal imbalance. ] Neuro-
surg Spine 2015;23(04):451-458

14 Jeon CH, Lee HD, Lee YS, Seo HS, Chung NS. Change in sagittal
profiles after decompressive laminectomy in patients with lum-
bar spinal canal stenosis: a 2-year preliminary report. Spine 2015;
40(05):E279-E285

15 Chang HS. Effect of sagittal spinal balance on the outcome of
decompression surgery for lumbar canal stenosis. World Neuro-
surg 2018;119:e200-e208

16 Madkouri R, Brauge D, Vidon-Buthion A, et al. Improvement in
sagittal balance after decompression surgery without fusion in

N

w

N

€]

a

~

o]

=)



19

20

21

Change of Clinical and Radiologic Parameters after MID in Patients with LSS

patients with degenerative lumbar stenosis: clinical and radio-
graphic results at 1 year. World Neurosurg 2018;114:e417-e424
Costa MA, Silva PS, Vaz R, Pereira P. Correlation between clinical
outcomes and spinopelvic parameters in patients with lumbar stenosis
undergoing decompression surgery. Eur Spine ] 2021;30(04):928-935
Montano N, Stifano V, Papacci F, Mazzucchi E, Fernandez E.
Minimally invasive decompression in patients with degenerative
spondylolisthesis associated with lumbar spinal stenosis. Report
of a surgical series and review of the literature. Neurol Neurochir
Pol 2018;52(04):448-458

Ames CP, Smith ]S, Scheer JK, et al. Impact of spinopelvic align-
ment on decision making in deformity surgery in adults: a review.
] Neurosurg Spine 2012;16(06):547-564

Lafage V, Schwab F, Patel A, Hawkinson N, Farcy ]JP. Pelvic tilt and
truncal inclination: two key radiographic parameters in the setting
of adults with spinal deformity. Spine 2009;34(17):E599-E606
Diebo BG, Ferrero E, Lafage R, et al. Recruitment of compensatory
mechanisms in sagittal spinal malalignment is age and regional

22

23

24

25

Pennisi et al.

deformity dependent: a full-standing axis analysis of key radio-
graphical parameters. Spine 2015;40(09):642-649

Suzuki H, Endo K, Kobayashi H, Tanaka H, Yamamoto K. Total
sagittal spinal alignment in patients with lumbar canal stenosis
accompanied by intermittent claudication. Spine 2010;35(09):
E344-E346

Mehta S, Szklaruk J, Faria SC, Raymond AK, Whitman GJ. Radio-
logic-pathologic conferences of the University of Texas M. D.
Anderson Cancer Center: Chondromyxoid fibroma of the sacrum
and left iliac bone. AJR Am ] Roentgenol 2006;186(02):467-469
Farrokhi MR, Haghnegahdar A, Rezaee H, Sharifi Rad MR. Spinal
sagittal balance and spinopelvic parameters in patients with
degenerative lumbar spinal stenosis; a comparative study. Clin
Neurol Neurosurg 2016;151:136-141

Ling FP, Chevillotte T, Leglise A, Thompson W, Bouthors C, Le Huec
JC. Which parameters are relevant in sagittal balance analysis of
the cervical spine? A literature review. Eur Spine ] 2018;27
(Suppl 1):8-15

Journal of Neurological Surgery—Part A © 2022. Thieme. All rights reserved.



