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a VM Medical Park Bursa Hospital, Istinye University, Department of Neurosurgery, Bursa, Turkey
b Yüksek Ihtisas Education and Research Hospital, Department of Neurosurgery, Bursa, Turkey

a  r  t  i  c  l  e  i n f  o

Keywords:

Segment disease

Fixation

Decompression

Unilateral approach

a  b s  t r a  c t

Introduction and objectives: In cases where adjacent segment disease (ASD) develops following

lumbar fusion surgery, various surgical approaches can  be employed. In such cases, removal

of  the instrumentation can positively impact lumbar pain syndrome. One frequently used

method is short-segment fixation-decompression (SSFD). One of minimally invasive meth-

ods  is microsurgical bilateral decompression via unilateral approach (MBDU). This study

aims to  determine which method is more effective and safe in cases that developed ASD

following fusion surgery by comparing SSFD and MBDU after instrumentation removal.

Methods: A  retrospective analysis was conducted on 47  cases treated with SSFD and 29

cases treated with MBDU. The groups were analyzed for gender, age, preoperative symptom

duration, duration of hospitalization, and Visual Analogue Scale (VAS) scores and Oswestry

Disability Index (ODI) scores during the preoperative and postoperative intermittent follow-

up  periods.

Results: Duration of hospitalization was higher in the SSFD group compared to the MBDU

group (p = <0.001 CI  = 56,42–76,24 and 22,04–25,13 respectively), mean transverse canal diam-

eter  ratio in the decompressed segment was lower in the  SSFD group (p = 0,03 IC = 0,24–0,31

for  SSFD y  0,40–0,47 for MBDU), and ODI indices were higher in the SSFD group in all follow-

ups  (p  = <0.001). During the  follow-up period, symptomatic ASD was observed in 3 of 47

patients in the SSFD group, whereas no symptomatic ASD was observed in the MBDU group.
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Conclusion: In selected patients who develop ASD after fusion surgery MBDU after instru-

mentation removal can be considered as  a  minimally invasive option that does not

exacerbate postoperative lumbar pain syndrome or lead to the development of new ASD. To

the  best of our knowledge, this is the  first comparison of these two techniques in literature

after removal of spinal fixators in lumbar ASD cases.

©  2025 The Author(s). Published by Elsevier España, S.L.U. on behalf of Sociedad Española

de Neurocirugı́a.  This is an open access article under the  CC BY license (http://

creativecommons.org/licenses/by/4.0/).

“Fusión  lumbar  de segmento  corto”  frente  a “descompresión  bilateral
microquirúrgica  mediante  abordaje  unilateral”  tras  la  retirada  de los
fijadores  espinales  en  pacientes  con  enfermedad  del  segmento
adyacente:  estudio  clínico  retrospectivo
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Introducción y objetivos: En los casos en los que se desarrolla una enfermedad del segmento

adyacente (ESA) después de una cirugía de fusión lumbar, se pueden emplear varios aborda-

jes  quirúrgicos. En tales casos, la eliminación de  la instrumentación puede tener un  impacto

positivo en el síndrome de dolor lumbar. Un método utilizado con frecuencia es la fijación-

descompresión de nivel corto (FJNC). Uno de los métodos mínimamente invasivos es la

descompresión bilateral microquirúrgica mediante un abordaje unilateral (DBMAU). Este

estudio tiene como objetivo determinar qué método es más eficaz y  seguro en los casos que

desarrollaron ESA después de una cirugía de  fusión comparando FJNC y  DBMAU después de

la eliminación de la instrumentación.

Métodos: Se realizó un análisis retrospectivo de 47  casos tratados con FJNC y  29 casos tratados

con DBMAU. Se  analizaron los grupos en cuanto a  género, edad, duración de los síntomas

preoperatorios, duración de la hospitalización y  puntuaciones de la escala analógica visual

(EVA)  y  del índice de discapacidad de Oswestry (ODI) durante los  períodos de  seguimiento

intermitente preoperatorio y posoperatorio.

Resultados: La duración de la hospitalización fue mayor en el grupo FJNC en comparación

con el grupo DBMAU (p  = <0,001 IC = 56,42–76,24 y  22,04–25,13 respectivamente), la relación

del diámetro del canal transversal medio en el  segmento descomprimido fue menor en el

grupo  FJNC (p  = 0,03 IC = 0,24–0,31 para SSFD y 0,40–0,47 para MBDU) y  los índices ODI

fueron  mayores en el  grupo FJNC en todos los seguimientos (p  = <0,001). Durante el  período

de  seguimiento, se observó ESA sintomática en 3  de  47  pacientes en el  grupo FJNC, mientras

que  no se observó ESA sintomática en el  grupo DBMAU.

Conclusión: En pacientes seleccionados que desarrollan ESA después de la cirugía de fusión,

la DBMAU después de  la extracción de la instrumentación puede considerarse una opción

mínimamente invasiva que  no exacerba el  síndrome de  dolor lumbar posoperatorio ni con-

duce al desarrollo de  una nueva ESA. Hasta donde sabemos, ésta es la primera comparación

de  estas dos técnicas en la literatura tras la retirada de  los fijadores espinales en casos de

ESA  lumbar.
© 2025 Los Autores. Publicado por Elsevier España, S.L.U. en nombre de  Sociedad

Española  de Neurocirugı́a. Este es un artı́culo Open Access bajo la CC BY licencia (http://

creativecommons.org/licencias/by/4.0/).

Introduction

Following fusion surgery, various surgical interventions can

be performed in cases where adjacent segment disease

(ASD) develops. These interventions include extending the

instrumentation with decompression, performing short-level

stabilization at the adjacent segment after instrumentation

removal, conducting minimally invasive decompression after

instrumentation removal, or performing minimally invasive

decompression without removing the instrumentation.1–11

In cases with fusion, removal of the instrumentation

may  positively affect lumbar pain syndrome.12,13 Moreover,

in  cases where fusion is applied with pedicular screw fixa-

tion, the most commonly encountered causes of lumbar pain

syndrome include pseudoarthrosis, flatback deformity, ASD,

painful disc due to  posterolateral fusion as  well as implant

loosening or  fracture.12–14

There is no consensus in the literature regarding the surgi-

cal technique that should be used in these cases. However,

a  positive effect on lumbar pain syndrome following the

removal of instrumentation has been reported.12–14 Addi-
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tionally, there is debate regarding what the subsequent

intervention should be after the removal of instrumen-

tation. One commonly used method is short-segment

fixation-decompression (SSFD) with extensive decompression

(laminectomy) at the segment with ASD, and the  use of endo-

scopic or microscopic minimally invasive techniques is  also

becoming more  common.15,16

Regardless of these cases, microsurgical bilateral decom-

pression via unilateral approach (MBDU)ok is also a  minimally

invasive technique used in degenerative spinal stenosis.17–21

This study aimed to determine which method is more

effective and safe in patients who developed ASD follow-

ing fusion surgery by comparing SSFD and MBDU after the

removal of  instrumentation.

Materials  and  methods

The study was started with ethics committee approval with

protocol number.2024-TBEK 2024/07/11.

A total of 47  cases who had previously undergone lum-

bar fusion and subsequently developed ASD and underwent

instrumentation removal followed by SSFD at the  Neu-

rosurgery Clinic of Yüksek İhtisas Training and Research

Hospital, and a  total of 29 cases with a  similar history that

underwent instrumentation removal followed by MBDU at

the Neurosurgery Clinic of Bursa VM Medical Park Hospital

between 2017 and 2021 were retrospectively examined.

Surgical  procedure

Patients who had previously undergone lumbar fixation and

developed ASD underwent posterior lumbar decompressive

laminectomy and pedicle screw instrumentation at the sin-

gle stenotic level after the removal of instrumentation under

general anesthesia in the prone position.

MBDU; Patients who  had previously undergone lumbar fix-

ation and developed ASD underwent MBDU to decompress

the central canal and bilateral lateral recesses under general

anesthesia in  the  prone position. After the removal of instru-

mentation microscopic laminotomy was performed on the

approach side using an  air drill, Kerrison rongeur, and micro-

curette. Subsequently, decompression was  performed on the

contralateral side after rotating the operating table to the con-

tralateral side.

While determining the effectiveness of the techniques, it

was  planned to  make comparisons of radicular pain and low

back pain in pre and postoperative follow-ups and to deter-

mine whether there was adequate decompression. Radicular

Visual Analogue Scale (VAS), Owestry Disability Index (ODI)

and ratios of canal diameters in pre and postoperative

3-month lumbar MRI  imaging were used to make these com-

parisons.

In determining the safety of the techniques, we looked for

complications that may develop secondary to instrumenta-

tion such as new ASD development, instability development

in both groups; screw fracture-slippage, loosening in the SSFD

group, which occurred in the follow-up after optimally per-

formed surgery without perop complications; and radiologic

examinations were used for this.

Patients with radiological evidence of instability, those with

spinal deformities, those with ASD observed at the spinal tran-

sition zones and cases with peroperative complications were

excluded from the study.

The surgical technique to be used for patients other

than those excluded from the study was determined entirely

according to the surgeons’ preference.

In both groups, gender; age; preoperative symptom

duration; duration of hospitalization; preoperative and post-

operative 1-h, 10-day, 3-month, 1-year, and final follow-up

radicular VAS scores; ratios of canal diameters in preopera-

tive and postoperative 3-month lumbar MRI  imaging (Fig. 1);

ODI indices during postoperative intermittent follow-up peri-

ods were determined and documented. At the same time,

postoperative complications that may  develop secondary to

instrumentation such as  new ASD development, instability

development in  both groups; screw fracture-slippage, loos-

ening in  the SSFD group were evaluated and radiologic

examinations such as MRI, CT and radiographs were utilized

for this purpose. Late  complications were noted.

The data were compared statistically, and inferences were

made based on data analysis. As  the  length of skin incision,

amount of bleeding, and operation times may  vary based on

the type and length of previous instrumentation, these param-

eters were not included in  the study.

Statistical  analysis

Statistical analyses were conducted using the SPSS 26

software. The normal distribution of the variables was

assessed with the Kolmogorov-Smirnov test. Possible differ-

ences among categorical variables were examined through the

Chi-square test. The Student’s t-test was  employed for the

analysis of repeated measures involving two observations. In

this analysis, a p-value less than 0.05 was considered that

threshold for statistical significance. The descriptive anal-

ysis includes the  mean, median, standard deviation, and

interquartile range (25th-75th percentiles).

Results

In the SSFD group, 55.40% of the  patients were women  and

44.60% were men. The age range was 55–69 years (mean age

67.06 years). In the MBDU group, 51.80% of the patients were

women and 48.20% were men. The age range was 48–71 years

(mean age 60.37 years). Moreover, there was  no significant

difference between the two groups in terms of gender distri-

bution and age  range (p = 0.4 and 0.3, respectively).

The mean follow-up period was 38.89 months (24–60

months) in  the SSFD group and 37.48 months (32–54 months)

in the MBDU group.

Preoperative symptom duration ranged between 3 and 12

months in the  SSFD group (mean 5.20 months) and 3 and 8

months in the MBDU group (mean 4.80 months). No signifi-

cant difference was  observed between the groups in terms of

symptom duration (p  = 0.15).

The mean hospitalization duration was 66.38 hours in  the

SSFD group and 23.58 hours in the MBDU group. Statisti-
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Fig. 1 –  Measurement of transverse canal diameter at the surgically treated segment in  axial lumbar MRI  sections.

Table 1 – Comparison of duration of hospitalization.

Group n Mean Standard Deviation �
2 p

Length of hospital

stay (hour)

SSFD 47 66.38 9.96 135.4 <0.001

MBDU 29 23.58 1.54

cal comparison revealed a  significant difference (p < 0.001)

(Table 1).

In terms of radicular pain assessment using VAS, the mean

preoperative VAS score was 5.8 in the SSFD group and 1.4

at postoperative 1 hour, 1.2 at postoperative day 10, 0.8 at 3

months, and 0.2 at 1 year. In the MBDU group, the mean pre-

operative VAS score was  6.2 and 1.2 at postoperative 1 hour,

1.1 at postoperative day 10, 0.8 at 3 months, and 0.1 at 1 year.

No significant difference was observed between the groups

(Table 2)  (Fig. 2).

In the preoperative and postoperative 3-month lumbar MRI

imaging, the mean ratio of transverse canal diameter at the

segment that underwent decompression for ASD was 0.27 in

the SSFD group and 0.43 in the MBDU group. A significant

difference was observed between the groups in  terms of this

value (p = 0.03) (Table 3).

In terms of ODI assessment, in the  SSFD group, the mean

ODI score was observed as  42  on day 10, 38  at 3 months, 24

at 1 year, and 22 at the  final follow-up. In the  MBDU group,

the mean ODI score was calculated as  18 on day 10, 12 at 3

months, 4 at 1 year, and 4 at the final follow-up. A statistically

significant difference was  found between the groups in terms

of ODI scores (Table4)  (Fig. 3).

Late complications

In the SSFD group, screw fracture was detected in 1 patient

and low back pain secondary to loosening was detected in

4 patients, and these 5 patients were reoperated and their

instruments were removed.

During an average follow-up period of 3 years, symptomatic

ASD was observed in three cases (requiring reoperation),

whereas radiological ASD was  observed in nine cases in the

SSFD group. Conversely, none of the 29 cases treated with

MBDU exhibited symptomatic ASD during this period. This

difference was  statistically significant (p  = 0.04) (Table 5). But

radiological ASD was observed in three cases in the MBDU

group also.

Discussion

In cases of lumbar degenerative diseases where conservative

treatment fails to yield results, spinal fusion has commonly

been used as  a surgical method that can often produce sat-

isfactory outcomes.22,23 However, this method may  lead to

ASD in some cases during the postoperative period due to

increased biomechanical stress on the  adjacent segments

caused by lumbar arthrodesis.24 Symptomatic ASD often leads

to worsened clinical outcomes and the  need for new surgical

interventions.24

The decision regarding additional surgical interventions

in cases unresponsive to conservative treatment is con-

tentious. In cases where ASD develops, various surgical

interventions can be performed, including extending the

instrumentation with decompression, performing short-level

stabilization at the adjacent segment after instrumentation

removal, conducting minimally invasive decompression after

instrumentation removal, or performing minimally invasive

decompression without removing the instrumentation.1–11

Since minimally invasive decompression of the  adjacent seg-

ment without extending or  removing the  instruments would

not eliminate lumbar pain syndrome secondary to instru-

mentation and would cause confusion in  the comparison

between SSFD and MBDU methods, the  study was planned and

conducted only in cases in which the instrumentation was

removed and additional intervention was performed. There

have been studies in the literature regarding the development

of ASD following short-segment fixation and decompression

applied to  the  pathological segment.9–11 In the present study,

during the 3-year follow-up period, new symptomatic ASD was
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Table 2 – VAS assessment for radicular pain.

Group n  Mean Standard Deviation �
2 p

VAS - Preop SSFD  47  5.36 1.24 3.6  0.7

MBDU 29  5.28 1.10
VAS - Postop 1st

hour
SSFD  47  1.13 0.97 13.6  0.4

MBDU 29  0.93 0.59

VAS - Postop 10th

day

SSFD  47  0.62 0.53 3.5  0.1

MBDU 29  0.51 0.41

VAS - Postop 3rd

month

SSFD  47  0.11 0.31 24.7 0.2

MBDU 29  0.09 0.19
VAS - Postop 1st year SSFD 47  0.04 0.20 36.3  0.6

MBDU 29  0.06 0.26

Fig. 2 – VAS Scores in the Preop and Postop Period.

Table 3 – Comparison of transverse canal diameter at the decompressed segment.

Group n  Mean Standard Deviation �
2 p

Transverse Canal

Diameter

SSFD  47  0.27 0.04 1.3 0.03

MBDU 29  0.43 0.03

Table 4 – Analysis of ODI Scores.

Group n  Mean Median Interquartile range �
2 p

ODI postop 10th day SSFD  47  41.53 42 36  - 48 12.6 <0.001

MBDU 29  9.59 8  4 - 14

ODI postop 3rd

month

SSFD  47  26.51 26 24  - 30 6.4  <0.001

MBDU 29  4.34 4  1 - 6
ODI postop 1st year SSFD 47  12.85 12 10  - 18 13.5  <0.001

MBDU 29  0.34 0  0 - 0

ODI final follow-up SSFD  47  5.40 4  2 - 8 16.7 <0.001

MBDU 29  0.07 0  0 - 0

Table 5 – Comparison of participants for symptomatic or radiological ASD.

Groups n ASD �
2 p

Symptomatic (n %)  Radiological (n %)

SSFD 47  3 (25.0) 9 (75.0) 122.6 0.04

MBDU 29  0 (0.0) 3 (100.0)
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Fig. 3 – ODI Index Values in the Postop Period.

observed in 6.80% of cases treated with SSFD and radiological

ASD development was observed in 19.15% of cases. Con-

versely, no new symptomatic ASD was  observed in  the MBDU

group, whereas radiological ASD was observed in 10.34% of the

patients. In cases where ASD is the primary concern, SSFD

surgery carrying the risk of new ASD development can lead

to further issues in  the future. Furthermore, it may  include

expected complications secondary to fixation surgery such as

loosening, instrument fracture, and pull-out. As MBDU does

not create additional biomechanical stress, symptomatic ASD

is not expected in these cases. However, Telfeian et al. reported

a failure rate of 33% at 2 years after transforaminal endoscopic

surgery for L5-S1 ASD after fusion in a study published in

2022.1 In our study, although the  radiologic ASD rate was not

very low in patients who underwent MBDU, it was interest-

ing that no symptomatic ASD was observed. This may be due

to the fact that MBDU allows wider decompression compared

to endoscopic interventions and does not create additional

biomechanical stress on adjacent segments as in instrumen-

tation.

In terms of the duration of hospitalization, it  can be  said

that MBDU is more  advantageous compared to SSFD. Since

MBDU causes less tissue trauma, it was  noted that patients

treated with MBDU could be discharged earlier and mobilized

on the same day, and this period was longer in the SSFD group

(p < 0.001) (Table 1).

In terms of radicular pain, no significant difference was

observed between the two groups during postoperative follow-

up (Table 2, Fig. 2). Additionally, ODI scores were significantly

lower in the MBDU group (Table 4). The fact that it is a  mini-

mally invasive method that causes less tissue trauma, does

not cause biomechanical stress secondary to fixation, and

eliminates the possibility of pseudoarthrosis or loosening may

have minimized the occurrence and severity of lumbar pain

syndrome in  the  MBDU group.

Canal diameter ratios measured in the  decompressed seg-

ment in preoperative and postoperative lumbar MRI  were

observed to be low in the SSFD applied group. This data shows

that more  extensive decompression is performed in SSFD than

in  MBDU. These results were thought to be due to  the oppor-

tunity to perform wider decompression with facet resection

in SSFD. Protecting the facets in order to avoid instability in

MBDU may  have caused the  decompression to appear to be

more  inadequate than in SSFD. However, no clinical symp-

toms secondary to inadequate decompression were observed

in  the MBDU group during the 3-year follow-up.

Limitation  of study

As authors, we are aware that our study has some limitations.

One of the limitations may  be the relatively small number

of cases in the  groups. However, the results are clear that

MBDU seems to  be much more  advantageous than SSFD in

both groups at postoperative follow-up, especially in terms

of ODI index and new ASD development. Therefore, it can

be assumed that the results would not have been essentially

different if more  patients had been included.

Secondly, the homogeneity of the groups and the retrospec-

tive nature of the study may  be questioned due to the fact

that only one technique was used in one of the centers and

the other technique was used in the  other. In this sense, we

believe that new prospective studies to be performed in a sin-

gle center and, if possible, with cases operated by the same

surgical team may  provide more  detailed results.
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Conclusion

This is the first comparison of these two techniques after

instrument removal in  ASD cases in the literature. In selected

cases with ASD after fusion surgery, without signs of instabil-

ity, spinal deformities, or ASD at the spinal transition zones,

MBDU after instrumentation removal can be considered as a

minimally invasive option that does not exacerbate postop-

erative lumbar pain syndrome or trigger the development of

new ASD.
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Long-term clinical outcome and reoperation rate for
microsurgical bilateral decompression via unilateral
approach of lumbar spinal stenosis. World Neurosurg
Internet. 2019;125:e465–72. Available from:
https://www.sciencedirect.com/science/article/pii/S18788
75019302037

18. Borshchenko I,  Gulzatyan A,  Kartavykh R, Grin A.  How I  do it:
bilateral lumbar spinal canal microsurgical decompression
via unilateral approach. Acta Neurochir (Wien) Internet.
2019;161(11):2375–80,
http://dx.doi.org/10.1007/s00701-019-04059-0. Available from:.

19.  Wang  L, Cui W,  Wu  BX, Liu BG. A  novel trans-muscular
approach for microsurgical bilateral decompression via
unilateral approach for degenerative lumbar stenosis: a series
study. Zhonghua Yi Xue Za Zhi. 2020;100(31):2435–40.

20. Jang J-W, Park J-H, Hyun S-J, Rhim S-C. Clinical outcomes and
radiologic changes after microsurgical bilateral
decompression by a  unilateral approach in patients with
lumbar spinal stenosis and grade I  degenerative
spondylolisthesis with a  minimum 3-year follow-up. Clin
Spine  Surg. 2016;29(7):268–71.

http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0005
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0010
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0015
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0020
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0025
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0030
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0035
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0040
https://www.frontiersin.org/journals/surgery/articles/10.3389/fsurg.2024.1284967
https://www.frontiersin.org/journals/surgery/articles/10.3389/fsurg.2024.1284967
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0050
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0055
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0060
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0065
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0070
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0075
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0080
https://www.sciencedirect.com/science/article/pii/S1878875019302037
https://www.sciencedirect.com/science/article/pii/S1878875019302037
dx.doi.org/10.1007/s00701-019-04059-0
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0095
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0100


8  n e u r  o c  i  r u g i  a .  2 0 2 5;3  6(4):500654

21. Choi W-S, Oh CH, Ji GY, Shin SC, Lee J-B, Park D-H, et al. Spinal
canal morphology and clinical outcomes of microsurgical
bilateral decompression via a unilateral approach for lumbar
spinal canal stenosis. Eur Spine J.  2014;23(5):991–8.

22. Musso S, Buscemi F, Bonossi L, Silven MP, Torregrossa F,
Iacopino DG, et al. Lumbar facet joint stabilization for
symptomatic spinal degenerative disease: A systematic
review of  the literature. J  Craniovertebr Junction Spine.
2022;13(4). Available from:

https://journals.lww.com/jcjs/fulltext/2022/13040/lumbar
facet joint stabilization for symptomatic.5.aspx

23. Becker C. Spine-tingling prospects. Artificial disc implants are
among the new technologies expected to revolutionize the
outcomes of back surgery. Mod Healthc. 2003;33(45):30–2.

24. Kim S-I,  Min H-K, Ha K-Y, Park H-Y, Cho C-H, Cho R-K, et al.
Effects of Restoration of Sagittal Alignment on Adjacent
Segment Degeneration in Instrumented Lumbar Fusions.
Spine  (Phila Pa 1976). 2020;45(23):E1588–95.

http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0105
https://journals.lww.com/jcjs/fulltext/2022/13040/lumbar_facet_joint_stabilization_for_symptomatic.5.aspx
https://journals.lww.com/jcjs/fulltext/2022/13040/lumbar_facet_joint_stabilization_for_symptomatic.5.aspx
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0115
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120
http://refhub.elsevier.com/S1130-1473(21)00005-1/sbref0120

	“Short-segment lumbar fusion” vs.“microsurgical bilateral decompression via unilateral approach” after removal of the spin...
	Introduction
	Materials and methods
	Surgical procedure
	Statistical analysis

	Results
	Late complications

	Discussion
	Limitation of study
	Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest

	References

