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Introduction.  –  The  relationship  between  obesity  and  outcome  of spine  surgery  has  been  controversial.
The  impact  of obesity  on  surgical  outcomes  of patients  undergoing  long-  segment  (6  vertebrae  or  more)
spinal  fusion  have  not  been  studied.  This  study  was  designed  to  define  the  influence  of  obesity  on  the
outcomes  of  patients  undergoing  long-segment  spinal  fusion.
Methods  and  Materials.  – A retrospective  study  of  patients  undergoing  long-segment  (6  vertebrae  or more)
spinal  fusion  was  realized.  Patients  were divided  into  non-obese  group  and  obese  group.  Variables  such
as blood  loss,  operative  time,  length  of  stay,  complications,  reoperation  rates,  and  clinical  outcome  were
compared  between  the two groups.
Results.  – Thirty-four  non-obese  patients  (BMI: 26.43  ±  0.87)  and  27  obese  ones  (BMI:  35.35  ±  1.81)  were
recruited.  Number  of  fused  levels  in  non-obese  group  was  not  significantly  different  from  obese  group
(9.06 ± 0.57  vertebrae  vs 8.85 ±  0.68  vertebrae,  P = 0.65).  There  was  no  significant  difference  between
non-obese  group  and  obese  group  in  the  blood  loss  during  surgery  (P=  0.12),  the  operating  time  (P  =  0.46)

and  the length  of hospitalization  (P  =  0.64).  Similarly,  no  significant  difference  was  found  in  surgical  com-
plications  (P  =  0.76)  and  medical  complications  (P =  0.82)  between  the  two groups.  The  rate  of ambulatory
improvement  is similar  between  non-obese  group  and  obese  group  (P =  0.64).
Conclusion.  –  Our  study  showed  that  there  was  no  relationship  between  obesity  and  adverse  surgical
outcomes  in  ADS  surgery  with  long-segment  (6  vertebrae  or more)  spinal  fusion.

© 2022  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Introduction

Adult degenerative scoliosis (ADS) is a common problem with
a prevalence of 64-68% among aged population [1,2]. For symp-
tomatic ADS, surgical treatment is indicated when conservative
treatment fails. The number of obese people has increased signif-
icantly, and obesity has become a major global health challenge
[3]. As a result, the number of obese patients with degenerative

scoliosis undergoing surgery have been increasing. Studies about
the relationship between obesity and outcomes following spine
surgery showed discordant results. Some authors reported obesity

BMI, Body Mass Index; ADS, Adult Degenerative Scoliosis.
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as  associated with higher blood loss and longer operative times
4–6]. It was  also found to be a risk factor increasing complication in
DS surgery in many series [7–9]. However, other studies revealed
o relationship between obesity and adverse surgical complica-
ions [10–12].

ADS surgery often requires long-segment spinal fusion (6 ver-
ebrae or more). Some surgeons seem to have the tendency to
imit the extent of surgery, perhaps opting for decompression plus
hort-segment fusion in obese patients because of their perceived
ncreased risks of complication. There has been a paucity of stud-
es about impact of obesity on the outcome of patients undergoing
ong-segment spinal fusion [13,14].
The objective of this study is to examine the impacts of obesity
n complications and surgical outcomes of ADS surgery with long-
egment spinal fusion (6 vertebrae or more).

https://doi.org/10.1016/j.neuchi.2021.12.005
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Table 1
Clinical and radiological data of study subjects.

Characteristics Non-obese
group (34)

Obese
group (27)

P

Gender (% male) 44.1% 40.7% 0.80
Age (years) 68.56 ± 3.33 69.15 ± 2.86 0.80
BMI  26.43 ± 0.87 35.35 ± 1.81 < 0.001
Tobacco use (%) 23.5% 25.9% 0.83
Diabetes (%) 8.8% 25.9% 0.07
Patient with co-morbidity (%) 58.8% 81.5% 0.06
Cobb angle (degree) 24.88 ± 6.82 17.40 ± 5.20 0.10
Sagittal Vertical Axis (cm) 9.49 ± 2.70 7.69 ± 2.41 0.34
Pre-operative walking ability

Independent 73.5% 81.5% 0.58
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2. Methods and Materials

A retrospective study of a prospectively collected database of
all adult degenerative scoliosis patients undergoing long-segment
(6 vertebrae or more) spinal fusion from August 2011 to Decem-
ber 2019 in our institute was conducted. This study was approved
by the Research Ethics Committee of our institution (approval No.
2020-8415).

Patients characteristic including demographics (age and sex),
BMI, diabetes, smoking status, preoperative walking ability were
collected. Pre-operative radiological characteristics such as Cobb
angle and sagittal vertical axis were recorded. Surgical characteris-
tics including instrumented levels, surgical approach and interbody
fusion and variables concerning outcome measures such as dura-
tion of surgery, blood loss, length of hospital stay, postsurgical
adverse events (surgical site infection, surgical complications,
medical complications, reoperation, and mortality), post-operative
walking ability and post-operative satisfaction of patients were
collected. The following events were classified as surgical complica-
tions: surgical site infection, wound dehiscence, instrument failure,
fracture at proximal junction, and epidural hematoma. Delirium,
pneumonia, pulmonary embolism (PE), deep vein thrombo-
sis/thrombophlebitis, transient ileus, heart infarction and cerebral
vascular accident were classified as medical complications.

Walking ability was evaluated before operation, and up to lat-
est follow-up after operation with a 3-point scale: 1: ambulatory
without aid, 2: ambulatory with aid, 3: not ambulatory. Improve-
ment or deterioration of walking ability was defined as a change of

at least one point.

Patients were divided into non-obese group (BMI < 30 kg/m2)
and obese group (BMI ≥ 30 kg/m2) in accordance with the definition
provided by the World Health Organization.

2
3
o

Table 2
Surgical outcomes and complications of study subjects.

Non-obese grou

Number of vertebra fusion 9.06 ± 0.57 

Number of interbody fusion 1.50 ± 0.46 

Number of osteotomy 2.06 ± 0.52 

Number of laminectomy 2.74 ± 0.76 

Surgical  approach
Posterior. approach 94.1 

Anterior plus. posterior approach 5.9 

Operating time (minutes) 424.68 ± 30.94 

Blood  loss (ml) 1656.62 ± 290.83
Postoperative sagittal vertical axis 4.38 ± 11.17 

Postoperative walking ability change
Better 44.1% 

No  change 47.1% 

Worse 8.8% 

Satisfaction after surgery 82.4% 

Length  of stay (days) 18.55 ± 3.76 

Medical  complications
Transient ileus 3 

Delirium 2 

Pulmonary embolus 2 

Cardiac infarct 2 

Pulmonary edema 1 

SIADH 1 

Cerebral vascular accident 0 

Total cases (%) 11 (32.4%) 

Surgical  complications
Wound dehiscence 1 

Epidural hematoma 3 

Pseudomeningocele 1 

Epidural abscess and/or wound infection 3 

Fracture at the proximal junction 2 

Instrument failure 2 

Total cases (%) 10 (29.4%) 

Surgical  site infection (%) 3 cases (8.8%) 

Reoperation rate (%) 8 cases (23.5%) 

SIADH: Syndrome of inappropriate antidiuretic hormone secretion.

290
With help 23.5% 18.5%
Non-ambulant 2.9% 0%
Follow-up (months) 14.35 ± 4.40 18.40 ± 7.61 0.35

.1. Statistical Analysis

IBM SPSS 25.0 software will be used for statistical analysis.
ontinuous variables such as operating time, blood loss, length
f hospital stay between the two  groups were compared using
tudent test. Dichotomous data including rate of ambulatory
mprovement and incidence of complications were compared using
hi2 test. A statistical significance level of P < 0.05 was set for this
nalysis.

. Results
Thirty-four non-obese patients (BMI: 26.43 ± 0.87, range,
1.4–29.87) and 27 obese ones (BMI: 35.35 ± 1.81, range,
0.9–53.0) were recruited. The follow-up in non-obese group and
bese group was 14.35 ± 4.40 months and 18.40 ± 7.61 months,

p Obese group P

8.85 ± 0.68 0.65
1.63 ± 0.41 0.69
2.67 ± 0.48 0.10
3.93 ± 0.51 0.02

0.25
85.2
14.8
442.22 ± 34.06 0.46

 2051.85 ± 402.38 0.12
5.87 ± 8.23 0.41

0.64
48.1%
37%
14.8%
81.5% 0.93
20.52 ± 7.82 0.64

4
3
0
0
0
0
1
8 (29.6%) 0.82

0
3
0
1
1
2
7 (25.9%) 0.76
1 case (3.7%) 0.42
5 cases (18.5%) 0.64
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respectively, range (3–36 months). Baseline characteristics includ-
ing age, gender, and tobacco use was similar between the two
groups. The rate of patient with comorbidity was  higher in obese
group than in non-obese group but did not reach significant
difference (81.5% vs 58.8%, P = 0.06). There was no significant dif-
ference between non-obese group and obese group in Cobb angle
(24.88 ± 6.82 degree vs 17.40 ± 5.20 degree, P = 0.10), and sagittal
vertical axis (9.49 ± 2.70 cm vs 7.69 ± 2.41 cm,  P = 0.34). The clinical
and radiological data are summarized in Table 1.

Surgical characteristics were similar between two groups. Num-
ber of fused levels in non-obese group was not different from obese
group (9.06 ± 0.57 vertebrae vs 8.85 ± 0.68 vertebrae, P = 0.65).
There was no significant difference between non-obese group and
obese group in the blood loss during surgery (1656.62 ± 290.83 vs
2051.85 ± 402.38 ml,  P = 0.12), the operating time (424.68 ± 30.94
vs 442.22 ± 34.06 minutes, P = 0.46) and the length of hospital-
ization (18.55 ± 3.76 vs 20.52 ± 7.82 days, P = 0.64). Similarly, no
significant difference was found in surgical complications (29.4%
vs 25.9%, P = 0.76), medical complications (32.4% vs 29.6%, P = 0.82),
and reoperation rate (23.5% vs 18.5%, P = 0.64) between the two
groups. The rate of ambulatory improvement (44.1% vs 48.1%,
P = 0.64) and the rate of satisfaction (82.4% vs 81.5%, P = 0.93) after
surgery was similar between non-obese group and obese group.
Variables concerning surgical characteristics and clinical outcomes
were summarized in Table 2.

4. Discussion

The present study compared the complications and clinical
outcomes after ADS surgery with long-segment spinal fusion (6
vertebrae or more) between obese and non-obese patients.

In previous studies, Higgins reported that the risk of wound
complications after spinal fusion in obese patients (BMI ≥ 30 and
BMI  < 40) was 2.8 times higher than in non-obese patients [15].
Similarly, a retrospective study on adult patients undergoing 1- to
3-level posterolateral fusion for degenerative spine disease showed
that the obese (BMI ≥ 30) had a significantly increased risk of devel-
oping a postoperative complication (risk ratio 2.14; 95% confidence
interval, 1.10–4.16) and surgical site infection (risk ratio 3.11;
95% confidence interval, 1.48–6.52) [16]. However, other authors
reported obesity had no impact on complication rate in spine
surgery. Zhang found that BMI  was not an independent risk factors
for the infection complication in patients undergoing spinal fixa-
tion and fusion at least 3 motion segments [17]. Adogwa showed
that postoperative complications rates were similar between obese
and non-obese patients undergoing direct lateral interbody fusion
for degenerative disease [10]. Fu concluded that obesity did not
increase complication rates in patients with degenerative scol-
iosis after long instrumented spinal arthrodesis (≥ 4 discs) [18].
Some authors reported complications in patients undergoing long
spinal fusion exceeding 3 vertebrae [18–21] ,but there have been
few studies about the complications and outcome in long seg-
ment (6 vertebrae or more) instrumented fusions in ADS surgery.
Weistroffer reported complications in 50 adults with scoliosis
undergoing long spinal fusion (9+ vertebrae) but obesity was not
mentioned in their study [22]. Recently, Nahhas found that obesity
was independently associated with wound complications in long
segment instrumented (7 + vertebrae) spinal fusions but its impact
on the other adverse events such as instrument failure, epidural
hematoma, medical complications, etc. were not studied [13]. To
our knowledge, the present study is the first one about the relation-
ship between obesity and the clinical outcomes in ADS surgery with

6 + vertebrae fusion. There was no difference in infection incidence
between non-obese group and obese group (8.8% vs 3.7%, P = 0.42).
Similarly, we found no significant difference in surgical complica-
tions (29.4% vs 25.9%, P = 0.76) and medical complications (32.4%
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s 29.6%, P = 0.82) between the two  groups. This study showed that
besity had no significant impact on complications of ADS surgery
ith long-segment spinal fusion.

Some spine surgeons have had reluctance to do long segment
pinal fusion in obese patients because they think thick soft tissue
f obese patients will cause more difficulties in doing the expo-
ure, more challenges in implanting instruments and more surgery
ime. Our study showed that there was  no difference in surgical out-
omes including surgery time, blood loss, length of hospitalization,
nd reoperation rate between obese and non-obese patients. This
nding denied the surgeon’s perspective about the adverse impact
f obesity on spine surgery.

There have been controversies about the influence of obesity on
linical outcomes of spine surgery. A prospective study performed
n a mixed group of lumbar spine surgeries including discectomies,
aminectomies, and fusions of Andreshak showed similar clinical
utcomes in obese and non-obese patients [23]. Geptstein showed
imilar degree of reduction in pain and satisfaction after lumbar
ecompressive for lumbar stenosis between elderly obese patients
nd elderly non-obese ones [24]. However, Knutsson showed that
bese patients had significantly worse Oswestry Disablity Index
han non-obese ones and had greater risk for dissatisfaction after
urgery for lumbar spinal stenosis [25]. Our results showed no
ignificant difference in the rate of satisfaction (82.4% vs 81.5%,

 = 0.93) as well as the rate of ambulatory improvement after the
urgery (44.1% vs 48.1%, P = 0.64) between the two groups.

There are some limitations in our study. First, the number of
atients recruited in the study were limited, which reduced the
ower of statistical analysis. Secondarily, our study could not avoid
he known limitations and biases of retrospective analysis. Thirdly,
he follow-up might not be long enough to observe mechanical
omplication, which may  occur in the long-term in adults undergo-
ng spinal deformity correction. Finally, there may  be potential bias
n selecting patients for surgery because surgeons unconsciously
pplied more strict criteria for obese patients when indicating long-
egment spinal fusion. A prospective study with larger cohort will
e necessary.

. Conclusion

We showed that obesity might have no significant impact on
omplications and clinical outcomes of ADS surgery with long-
egment (6 vertebrae or more) spinal fusion. Our findings suggest
hat patient weight should not influence the decision-making for
his procedure in ADS patients.

uman and animal rights

The authors declare that the work described has not involved
xperimentation on humans or animals.

nformed consent and patient details

The authors declare that they obtained a written informed con-
ent from the patients and/or volunteers included in the article
nd that this report does not contain any personal information that
ould lead to their identification.

isclosure of interest

The authors declare that they have no competing interest.
unding

This work did not receive any grant from funding agencies in
he public, commercial, or not-for-profit sectors.



[

[

[

[

[

[

[

[

[

[

[

[

[

[

[24] Gepstein R, et al. Does obesity affect the results of lumbar decompressive spinal
V.T. Truong, T. Sunna, F. Al-Shakfa et al. 

Author contributions

All authors attest that they meet the current International Com-
mittee of Medical Journal Editors (ICMJE) criteria for Authorship.

References

[1] Silva FE, Lenke LG. Adult degenerative scoliosis: evaluation and management.
Neurosurg Focus 2010;28(3):E1.

[2] Jimbo S, et al. Epidemiology of degenerative lumbar scoliosis: a community-
based cohort study. Spine 2012;37(20):1763–70.

[3] Ng M,  et al. Global, regional, and national prevalence of overweight and obesity
in children and adults during 1980–2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2014;384(9945):766–81.

[4] Rihn JA, et al. The Influence of Obesity on the Outcome of Treatment of Lumbar
Disc Herniation: Analysis of the Spine Patient Outcomes Research Trial (SPORT).
JBJS 2013;95(1):1–8.

[5] Senker W,  et al. Perioperative morbidity and complications in minimal access
surgery techniques in obese patients with degenerative lumbar disease. Eur
Spine J 2011;20(7):1182–7.

[6] Tomasino A, et al. Tubular microsurgery for lumbar discectomies and laminec-
tomies in obese patients: operative results and outcome. Spine (Phila Pa 1976)
2009;34(18):E664–72.

[7] Soroceanu A, et al. Impact of obesity on complications, infection, and patient-
reported outcomes in adult spinal deformity surgery. J Neurosurg Spine
2015;23(5):656–64.

[8] Ou CY, et al. Impact of body mass index on adjacent segment disease after lum-
bar  fusion for degenerative spine disease. Neurosurgery 2015;76(4):396–401
[discussion 401-2; quiz 402].
[9] Patel N, et al. Obesity and spine surgery: relation to perioperative complica-
tions. J Neurosurg Spine 2007;6(4):291–7.

10] Adogwa O, et al. Do obese patients have worse outcomes after direct lat-
eral interbody fusion compared to non-obese patients? J Clin Neurosci
2016;25:54–7.

[

292
Neurochirurgie 68 (2022) 289–292

11] Rodgers WB,  Cox CS, Gerber EJ. Early complications of extreme lateral interbody
fusion in the obese. J Spinal Disord Tech 2010;23(6):393–7.

12] Peng CWB, et al. Perioperative outcomes of anterior lumbar surgery in obese
versus non-obese patients. The Spine Journal 2009;9(9):715–20.

13] Nahhas CR, Hu K, Mehta AI. Incidence and risk factors of wound complications
in  long segment instrumented thoracolumbar spinal fusions: a retrospective
study. J Spine Surg 2018;4(2):233–40.

14] Mesfin A, et al. Surgical outcomes of long spinal fusions for scoliosis in adult
patients with rheumatoid arthritis. J Neurosurg Spine 2015;22(4):367–73.

15] Higgins DM,  et al. Understanding the impact of obesity on short-term out-
comes and in-hospital costs after instrumented spinal fusion. Neurosurgery
2016;78(1):127–32.

16] De la Garza-Ramos R, et al. The impact of obesity on short- and long-term
outcomes after lumbar fusion. Spine (Phila Pa 1976) 2015;40(1):56–61.

17] Zhang XN, et al. Incidence and risk factors for multiple medical complications
in  adult degenerative scoliosis long-level fusion. J Clin Neurosci 2018;54:14–9.

18] Fu L, et al. Does obesity affect surgical outcomes in degenerative scoliosis?
Spine (Phila Pa 1976) 2014;39(24):2049–55.

19] Faloon MJ, et al. Unplanned reoperations affect long-term outcomes in adult
spinal deformity patients undergoing long fusions to the sacrum. Spine Deform
2015;3(4):367–71.

20] Cho KJ, et al. Complications in posterior fusion and instrumentation for degen-
erative lumbar scoliosis. Spine (Phila Pa 1976) 2007;32(20):2232–7.

21] Nishimura Y, et al. Outcomes and complications following posterior
long lumbar fusions exceeding three levels. Neurol Med  Chir (Tokyo)
2014;54(9):707–15.

22] Weistroffer JK, et al. Complications in long fusions to the sacrum for adult scol-
iosis: minimum five-year analysis of fifty patients. Spine 2008;33(13):1478–83.

23] Andreshak TG, et al. Lumbar spine surgery in the obese patient. J Spinal Disord
1997;10(5):376–9.
surgery in the elderly? Clin Orthop Relat Res 2004;426:138–44.
25] Knutsson B, Michaelsson K, Sanden B. Obesity is associated with inferior results

after surgery for lumbar spinal stenosis: a study of 2633 patients from the
Swedish spine register. Spine (Phila Pa 1976) 2013;38(5):435–41.

http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0130
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0135
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0140
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0145
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0150
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0155
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0160
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0165
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0170
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0175
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0180
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0185
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0190
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0195
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0200
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0205
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0210
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0215
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0220
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0225
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0230
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0235
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0240
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0245
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250
http://refhub.elsevier.com/S0028-3770(21)00265-4/sbref0250

	Impact of obesity on complications and surgical outcomes of adult degenerative scoliosis with long-segment spinal fusion
	1 Introduction
	2 Methods and Materials
	2.1 Statistical Analysis

	3 Results
	4 Discussion
	5 Conclusion
	Human and animal rights
	Informed consent and patient details
	Disclosure of interest
	Funding
	Author contributions
	References


