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1 INTRODUCTION 





2 REVIEW OF THE LITERATURE 

2.1 Lumbar spine fusion (LSF) surgery 

2.1.1 Indications 

Table 1. Common indications for LSF surgery. 

Indication Reference(s) 
Isthmic spondylolisthesis (IS) Saraste, 1993; Pekkanen et al., 2014 
Lumbar spinal stenosis (LSS)  

with or without degenerative 
spondylolisthesis (DS) 

Weinstein et al, 2008; Weinstein et al., 2007; Malmivaara et al. 
2007; Försth et al., 2016 

foraminal stenosis Lee et al., 2010 
Postoperative conditions  

postoperative instability or deformity Iida et al., 1990; Phillips and Cunningham, 2002 
recurrent disc herniations Yoshihara et al., 2016 

Degenerative disc disease (DDD) Fritzell et al., 2001; Fairbank et al., 2005; Hedlund et al., 2016 
Scoliosis or kyphosis Bridwell et al., 2010; Kelly et al., 2019; Smith et al., 2021 
Posttraumatic deformity De Gendt et al., 2021 
Fractures Vaccaro et al., 2016; Joaquim et al., 2019 
Tumors and metastases Fanous and Fabiano, 2017; Boriani 2018 
Infection Gentile et al., 2019 



Figure 1. A. Spondylolysis due to fractured pars interarticularis B. resulting in isthmic 
spondylolisthesis (IS) causing foraminal compression of the exiting nerve root (green). C. 
A radiograph showing L5 spondylolysis and spondylolisthesis.

A B



Figure 2. Degenerative spondylolisthesis (DS) resulting in severe central spinal stenosis.



Figure 3. Foraminal stenosis. A. Healthy foramen harboring the exiting nerve root (green). B.
Horizontal foraminal narrowing due to facet arthrosis and ligamentum flavum (yellow)
thickening. C. Vertical foraminal stenosis due to disc shallowing and spondylolisthesis.



Figure 4. Radiographs demonstrating lumbar kypho-scoliosis accompanied with stenosis treated 
with lumbopelvic fusion. 



2.1.2 Methods  

Figure 5. Example of pedicle screw instrumentation and a TLIF spacer for a single level fusion. 
Radiographs showing L5–S1 fusion for isthmic spondylolisthesis. 



Table 2. Lumbar interbody fusion techniques. 

Abbreviation Explanation Introduction 
PLIF Posterior lumbar interbody fusion Briggs and Milligan, 1944 
TLIF Transforaminal lumbar interbody fusion Harms and Rolinger, 1982 
ALIF Anterior lumbar interbody fusion Capener, 1932 
OLIF/ATP Oblique lumbar interbody fusion/Anterior to psoas Mayer, 1997 
XLIF/LLIF Extreme lateral/lateral lumbar interbody fusion Pimenta, 2001 



Figure 6. Different approaches for interbody fusion, adapted with permission from Mobbs et al, 
2015. 

Figure 7. Lateral lumbotomy approach for oblique lumbar interbody fusion (OLIF) of L3–L4, adapted 
with permission from Mobbs et al, 2015. 



Figure 8. Pedicle screw insertion with computer assisted navigation. 

2.1.3 Alignment 



Figure 9. Anatomic spinal curvatures: CL = cervical lordosis, TK = thoracic kyphosis, LL = lumbar 
lordosis.



Figure 10. Lumbopelvic parameters: lumbar lordosis (LL), pelvic incidence (PI), sacral slope (SS), 
pelvic tilt (PT) and segmental lordosis (SL) of the fusion segment. 



Figure 11. Updated Roussouly classification on sagittal spinal morphology. Sacral slope (SS) 
expressed in red, the inflection point between thoracic kyphosis and lumbar lordosis in 
green, and pelvic incidence (PI) in blue.



Figure 12. Lordosis distribution index (LDI) describes the ratio between lower lumbar lordosis (LLL), 
i.e., L4–S1 lordosis, and total lumbar lordosis (LL).

°

°



2.2 LSF outcome 

2.2.1 Pain 

2.2.2 Disability 



2.2.3 Health-related quality of life (HRQoL) 

Table 3. Ten items of the 
Oswestry disability 
index (ODI) (Fairbank 
et al., 1980). 

1 Pain 
2 Personal care 
3 Lifting 
4 Walking 
5 Sitting 
6 Standing 
7 Sleeping 
8 Sex life 
9 Social life 
10 Traveling 



Table 4. Eight dimensions of the 36-item short-form health survey (SF-36) for the 
measurement of the health-related quality of life (HRQoL) (Ware and 
Sherbourne, 1992). 

1 Limitations in physical activities because of health problems 
2 Limitations in social activities because of physical or emotional problems 
3 Limitations in usual role activities because of physical health problems 
4 Bodily pain 
5 General mental health (psychological distress and well-being) 
6 Limitations in usual role activities because of emotional problems 
7 Vitality (energy and fatigue) 
8 General health perceptions 

2.2.4 Depression and LSF outcome 



2.2.5 Long-term benefit  
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2.2.6 Complications and reoperations  



Table 6. Cumulative 4-year reoperation rates (95% CI) following instrumented lumbar spine 
fusion, modified from Irmola et al., 2018. 

Indication for reoperation Cumulative reoperation rate 
1 year 2 years 4 years 

Acute complications 
(Include hematomas, surgical site 
infections, spinal fluid leaks, new 
neurologic symptoms, misplaced 
instrumentations 

2.5% (1.4–4.5) 2.5% (1.4–4.5) 2.5% (1.4–4.5) 

Early failure 3.4% (2.0–5.6) 3.9% (2.4–6.2) 4.4% (2.7–7.0) 
Late failure 0 1.3% (0.5–3.6) 2.9% (1.9–7.1) 
Adjacent segment pathology 0.7% (0.2–2.2) 3.5% (2.1–5.8) 8.7% (6.1–12.5) 



2.2.7 Adjacent segment disease (ASD) 

Table 7. Degenerative changes with ASD, observed at the adjacent 
segment after spinal fusion, according to Park et al., 2004. 

Disc degeneration (Loss of disc height, disc space narrowing) 
Spondylolisthesis (anterolisthesis, retrolisthesis) 
Instability 
Herniated nucleus pulposus 
Stenosis 
Hypertrophic facet arthritis 
Osteophyte formation 
Scoliosis 
Vertebral compression fracture 



Figure 13. A. Prior L4–L5 fusion. B. Adjacent segment disease (ASD) at L3–L4 level. C. Revision 
surgery encompassing extension of fusion to L3. 





Low LDI (SL / LL) Normal LDI (SL / LL) High LDI (SL / LL) 
LDI <0.5 0.5 ≤ LDI ≤ 0.8 LDI > 0.8

Potential explanations: Potential explanations: Potential explanations:
• Low SL • Normal SL • (High SL)
• Upper lumbar 

hyperlordosis
• Upper lumbar 

hypolordosis
• Roussouly 1 

morphology
ASD patients 23.5% 35.3% 41.2%
Non-ASD patients 6.6% 76.5% 16.9%

Figure 14. Distribution of ASD and non-ASD patients according to lordosis distribution index (LDI) in 
the study of Zheng et al., 2020. 
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3 AIMS OF THE STUDY 



4 SUBJECTS AND METHODS 

4.1 Subjects 

4.1.1 Patients 

Table 9. Subject demographics and clinical data. 
 Patients Population 
 Study I Study II Study III Study IV Study I 
 n = 523 n = 392 n = 365 n = 215 n = 682 
Age, mean y (SD) 61 (12) 61 (12) 62 (12) 66 (10) 64 (12) 
Women, n (%) 357 (68) 277 (71) 241 (66) 164 (76) 454 (67) 
BMI, mean (SD) 28.6 (4.6) 28.6 (4.6) 28.3 (4.3) 28.6 (4.4) 26.9 (4.4) 
Smoking*, n (%) 82 (16) 57 (15) 27 (7) 12 (6) 88 (13) 
Education*, mean y (SD) 11.5 (2.7) 11.5 (2.7) 11.5 (3.8) 11.1 (3.9) 11.6 (4.0) 
Co-morbidities*, n (%)      
  Cardiological  263 (50) 189 (48) 184 (50) 118 (60) 278 (41) 
  Respiratory 49 (9) 36 (9) 21 (6) 11 (6) 66 (10) 
  Neurological 20 (4) 14 (4) 7 (2) 5 (3) 36 (5) 
  Rheumatoid 49 (9) 39 (10) 21 (6) 14 (7) 32 (5) 
  Diabetes 57 (11) 41 (10) 41 (11) 24 (12) 87 (13) 
  Psychiatric 9 (2) 6 (2) 7 (2) 5 (3) 25 (4) 
* = self-reported, SD = standard deviation, BMI = body mass index, y = years 



Table 10. Indications for surgery. 

 Study I 
n = 523 (%) 

Study II 
n = 392 (%) 

Study III 
n = 365 (%) 

Study IV 
n = 215 (%) 

Degenerative spondylolisthesis (DS) 251 (48) 202 (52) 178 (49) 172 (80) 
Isthmic spondylolisthesis (IS) 78 (15) 55 (14) 64 (18) - 
Spinal stenosis (LSS) 68 (13) 45 (11) 44 (12) 43 (20) 
Degenerative disc disease (DDD) 42 (8) 27 (7) - - 
Deformity 31 (6) 24 (6) 26 (7) - 
Postoperative conditions 47 (9) 34 (9) 44 (12) - 
Others (e.g., posttraumatic conditions) 6 (1) 5 (1) 9 (2) - 



4.1.2 General population sample 

Table 11. Patient demographics and surgical details of Study III according to surgical 
indication. 

 IS DLSD Others 
 n = 64 n = 222 n = 79 
Age, mean y (SD) 48 (12) 65 (10) 64 (12) 
Women, n (%) 28 (44) 169 (76) 44 (56) 
Education*, mean y (SD) 13.1 (3.9) 11.2 (3.9) 11.0 (3.8) 
Fusion    
   Lowest intstrumented vertebra, n (%)    
     -L3 0 (0) 1 (0) 2 (3) 
     -L4 1 (2) 9 (4) 3 (4) 
     -L5/6 10 (16) 117 (53) 27 (34) 
     -S1  53 (83) 95 (43) 47 (59) 
   Length, levels, n (%)    
      1 36 (56) 61 (27) 8 (10) 
      2 21 (33) 89 (40) 22 (28) 
      3 7 (11) 54 (24) 30 (38) 
      4 0 (0) 17 (8) 11 (14) 
      5 0 (0) 1 (0) 8 (10) 
   Interbody cage (TLIF/PLIF), n (%) 35 (55) 24 (11) 7 (9) 
* = self-reported 
TLIF = transforaminal lumbar interbody fusion, PLIF = posterior lumbar interbody fusion 
IS = isthmic spondylolisthesis 
DLSD = degenerative lumbar spine disorder, i.e., spinal stenosis with or without degenerative 
spondylolisthesis 
Others encompass deformities, postoperative conditions following decompression, and posttraumatic 
conditions 



4.2 Study design

4.2.1 5-year outcome (Studies I and II) 

Figure 15. Timepoints for data acquisition and treatment-related visits.
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4.2.2 Adjacent segment disease (ASD) (Studies III and IV) 

4.3 Methods 

4.3.1 Surgery 

Figure 16. Open L2–S1 fusion combined with voluminous decompression in the treatment of severe 
multilevel stenosis. 



4.3.2 Oswestry disability index (ODI) (I–IV) 

4.3.3 The 36-item short-form 
health survey (SF-36) (I) 

4.3.4 Depression scale (DEPS) (II) 

Table 12. Oswestry Disability Index (ODI). 
Interpretation of disability 
according to the ODI score as 
stated in Fairbank et al., 1980. 

ODI score Interpretation 
0–20 Minimal disability 
20–40 Moderate disability 
40–60 Severe disability 
60–80 Patient is crippled 

80–100 Patient is bed-bound or exaggerating 
his/her symptoms 



4.3.5 Radiological measurements (III–IV) 

4.4 Statistics 

4.4.1 Study I 

4.4.2 Study II 



4.4.3 Study III 

4.4.4 Study IV 



4.5 Ethical considerations 



5 RESULTS 

5.1 5-year outcome 

5.1.1 Disability (I) 

Figure 17. A. The mean (95% CI) Oswestry Disability Index (ODI) in patients (blocks) and the 
population (lines) according to sex. B. ODI in patients according to fusion length (short = 
1–2 levels; long = over 2 levels). Groups adjusted by age, sex, and education years. 



5.1.2 Health-related quality of life (HRQoL) (I) 

Figure 18. The mean (95% CI) physical (PCS) and mental (MCS) component summary scores in 
patients (blocks) and the population (lines) according to sex. Groups adjusted by age, sex, 
and education years.  



Figure 19. The mean (95% CI) physical (PCS) and mental (MCS) component summary scores in 
patients according to fusion length (short fusion = 1 to 2 levels; long fusion = over 2 
levels), and in the population. Groups adjusted by age, sex, and education years.  



5.1.3 Depressive symptoms (II) 

Figure 20. A. Changes in the Depression scale (DEPS) after surgery. B. The prevalence of 
depressive symptoms (DEPS ≥12) after surgery. Groups adjusted by age, sex, and 
education years. Reprinted with permission from Wolters Kluwer Health, Inc. (II) 



Figure 21.  
ODI changes in the non-depressive (DEPS 
<12) and depressive (DEPS ≥ 12) patients at 
5 years after surgery, and in the population. 
Groups adjusted by age, sex, and education 
years. Reprinted with permission from Wolters 
Kluwer Health, Inc. (II)

5.1.4 Mortality (I) 



5.2 Revisions for adjacent segment disease (ASD) 

5.2.1 Surgical indication as a risk factor (III) 

Table 13. Crude ASD revision rates throughout the whole follow-up period in all patients and 
according to surgical indication.  

Indication for surgery Revision rates for ASD (%) 95% CI (%) 
All patients 17.8 14.0 to 22.1 
1) IS 4.8 1.6 to 22.1 
2) DLSD 20.5 15.6 to 26.7 
3) other reasons 20.6 12.9 to 31.9 
p=0.023 (Log-rank test) 
IS = isthmic spondylolisthesis 
DLSD = degenerative lumbar spine disorders, i.e., spinal stenosis with or without degenerative 
spondylolisthesis 
Others encompass deformities, postoperative conditions following decompression, and posttraumatic 
conditions 



Table 14. Rates of spinal reoperations amid the non-ASD patients. 

Indication for reoperation N % 
Pseudoarthrosis 13 4.3 
Early (<1 year) implant failure 8 2.7 
Hematoma 8 2.7 
Infection 2 0.7 
Residual stenosis 2 0.7 
Screw malposition 2 0.7 
Distant (>2 levels) stenosis 2 0.7 
Others (include back pain attributed to instrumentation, and sacral 
neoarthrosis) 

3 1.0 



Figure 22. Adjusted cumulative ASD revision rates according to surgical indication. The groups were 
adjusted by age, sex, fusion length, and the lowest intstrumented vertebra.  
IS = isthmic spondylolisthesis 
DLSD = degenerative lumbar spine disorders, i.e., spinal stenosis with or without 
degenerative spondylolisthesis 
Others encompass deformities, postoperative conditions following decompression, and 
posttraumatic conditions 



5.2.2 Alignment as a risk factor (IV) 

Table 15. Lumbopelvic parameters (º) before 
and after LSF surgery in patients 
with degenerative spinal disorders. 

 Preoperative Postoperative 
 Mean (SD) Mean (SD) 
LL 50 (13) 49 (12) 
PI 56 (10) .. 
PI-LL 6.7 (11.1) 6.7 (11.1) 
PT 20 (8) 21 (7) 
SS 37 (9) 36 (8) 
SL 29 (14) 27 (12) 
LL-SL 21 (14) 22 (13) 
LL = lumbar lordosis, PI = pelvic incidence, SS = sacral 
slope, PT = pelvic tilt, SL = segmental lordosis, SD = 
standard deviation 



Figure 23. Higher lordosis in the mobile segment of lumbar spine (LL-SL) after LSF was associated 
with less revisions for ASD.
Blue bars illustrate the distribution of the mobile segment lordosis (LL-SL). Red line 
illustrates the adjusted (by age, sex, pelvic incidence, fusion length, and the lowest 
intsrumented vertebra) hazard ratio for ASD revisions. The reference (HR 1) was set to the 
median of LL-SL (21º). 



6 DISCUSSION 

Figure 24. An illustration depicting how the symptoms that lead to LSF surgery are reflected in
common outcome instruments.  
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Disability, Health-Related Quality of Life
and Mortality in Lumbar Spine Fusion
Patients—A 5-Year Follow-Up and
Comparison With a Population Sample

Leevi Toivonen, MD1 , Liisa Pekkanen, MD, PhD2,
Marko H. Neva, MD, PhD1, Hannu Kautiainen, PhD3,4,
Kati Kyrölä, MD, PhD2, Ilkka Marttinen, MD1,
and Arja Häkkinen, PhD5,6

Abstract

Study Design: Prospective follow-up study.

Objectives:We aimed to assess the effect of lumbar spine fusion (LSF) on disability, health-related quality of life and mortality in
a 5-year follow-up, and to compare these results with the general population.

Methods: 523 consecutive LSF operations were included in a prospective follow-up. Disability was assessed by the Oswestry
Disability Index (ODI), and HRQoL by the 36-item Short Form (SF-36) questionnaire using the physical and mental summary
scores (PCS and MCS). The patients were compared with an age-, sex-, and residential area matched general population cohort.

Results: The preoperative ODI in the patients was 46 (SD 16), and the change at 5 years was �26 (95% CI: �24 to �28),
p < 0.001. In the population, ODI (baseline 13, SD 16) remained unchanged. The preoperative PCS in the patients was 27
(SD 7), in the population 45 (SD 11), and the increase in the patients at 5 years was 8 (95% CI: 7 to 9), p < 0.001. The patients
did not reach the population in ODI or PCS. The baseline MCS in the patients was 47 (SD 13), and the change at 5 years 4 (95%
CI: 3 to 7), p < 0.001. MCS of the females reached the population at 5-year follow-up. When analyzing short and long fusions
separately, comparable changes were seen in both subgroups. There was no difference in mortality between the patients (3.4%)
and the population (4.8%), hazard ratio (HR) 0.86.

Conclusions: Although the patients who had undergone LSF benefited from surgery still at 5 years, they never reached the
physical level of the population.

Keywords
lumbar spinal fusion (LSF), outcome, longer follow-up, population sample, mortality

Introduction

The incidence of lumbar spine fusion (LSF) surgery has

increased markedly in the western countries during the past

decades.1 Spinal pathologies leading to LSF are heteroge-

neous.2 Common indications for fusion are degenerative and

isthmic spondylolisthesis and deformity corrections. The effi-

cacy of the fusion surgery is established in several indica-

tions.3,4 Some indications are more controversial: some

recent studies question the need of combining fusion to decom-

pression in degenerative spondylolisthesis,5,6 and LSF in

degenerative disc disease (DDD) is probably not reasonable

in most cases.7
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The knowledge of the long-term consequences of LSF is

important. On one hand, fusion surgery requires heavy hospital

costs and long recovery periods from the patient. On the other

hand, spinal disorders behind the surgery are often severely

disabling. The health burden of lumbar spinal stenosis on

health-related quality of life (HRQoL) is reported to equal to

diabetes, heart disease, arthritis or stroke.8

We have previously shown disability and HRQoL in

patients undergoing LSF to improve in several spinal disorders

in a 2-year follow-up.9 Many LSF reports with longer follow-

up focus on specific diagnoses or selected patient material or

compare interventions, such as operative and conservative

treatment.3,7 To our knowledge, no one has previously pub-

lished a health-care district based study evaluating the disabil-

ity, HRQoL and mortality among LSF patients in a 5-year

follow-up. The aim of the present study is to assess the changes

from LSF to disability, HRQoL and mortality in a prospective,

5-year follow-up of non-selected patients. We also compare the

results with a general population sample.

Material and Methods

Finland has a national health insurance system, and therefore a

particular hospital mainly covers the population of a particular

area. Tampere University Hospital and Central Finland Health

Care District are 2 public units that exclusively perform spinal

fusion surgery in Pirkanmaa and Central Finland districts cov-

ering together around 775 000 inhabitants. Since 2008 all

patients undergoing non-urgent LSF surgery have been invited

to a prospective follow-up study. Surgeons filled up the data in

their daily practice and patients answered the questionnaires at

strict time-points pre- and post-operatively. All patients signed

a written consent, and ethical committees of both hospitals

approved the study.

The data of 523 consecutive patients was available for the

present study. The fusion indications were as follows: degen-

erative spondylolisthesis (48%), isthmic spondylolisthesis

(15%), spinal stenosis (13%), postoperative conditions (9%),

degenerative disc disease (8%), degenerative scoliosis (6%),

others, like posttraumatic conditions and posttraumatic

instability (1%). All patients underwent posterolateral instru-

mented fusion with or without posterior interbody fusion

(PLIF/TLIF) combined with necessary decompression. Out of

all LSF operations, 357 (68%) were short fusions (1 or 2 lev-

els), while 166 (32%) of all fusions were long (over 2 levels).

The LSF patient cohort was compared with a general pop-

ulation sample (n ¼ 682) matched by age, sex and residential

area. Statistics Finland performed the sampling and collected

the data from the same cohort in 2010 and 2015.10 Data was

collected twice to eliminate the possible effect of aging. The

mortality data was extracted from Official Statistics of

Finland.10

The main outcome measures were the Oswestry Disability

Index (ODI) for disability and the Short-Form-36 Question-

naire (SF-36) for Health-Related Quality of Life (HRQoL). The

ODI is one of most widely used back-specific disability

measurement tools in both clinical work and research.11 The

ODI score represents the percentage the patient achieved of the

maximum number of points. According to the original publi-

cation, the scores are grouped into 5 categories: 0–20 minimal,

20–40 moderate, 40–60 severe disability; 60–80 crippled and

80–100 indicates that the patient is either bed-bound or exag-

gerating his or her symptoms.12 The Finnish validated version

2.0 of the ODI was used in this study.13 The SF-36 is a generic

patient-assessed health outcome measure for the health-related

quality of life reflecting patients’ health state and wellbeing.9

In the analysis the 8 dimensions of the SF-36 score were aggre-

gated into 2 summary measures. The Physical Component

Summary Score (PCS) consists of Physical Functioning, Role

Physical, Bodily Pain and General Health dimensions, and the

Mental Component Summary Score (MCS) consists of Mental

Health, Vitality, Social Functioning and Role-Emotional

dimensions.

Statistics

Data is presented as means with standard deviation (SD) and as

counts with percentages. Statistical comparisons between the

population and the patients were made using t test for contin-

uous variables and Pearson’s Chi-Square (w2) for categorical
variables. Repeated measures in changes in the physical and

mental (MCS) component summary scores between groups

were analyzed using mixed-effects models, with an unstruc-

tured covariance structure (Kenward-Roger method to calcu-

late the degrees of freedom). As the use of mixed models

allows for analysis of unbalanced datasets without imputation,

we analyzed all available data, using the full analysis set.

Cumulative mortality was estimated using Kaplan–Meier sur-

vival analysis and compared between groups with the log-rank

test. We used Cox proportional hazards model to calculate the

adjusted hazard ratios (HR) and 95% confidence intervals for

death. The normality of variables was evaluated graphically

and using the Shapiro–Wilk W test. Stata 15.1, StataCorp LP

(College Station, TX, USA) statistical package was used for the

analyses.

Results

The patient demographic and clinical characteristics are shown

in Table 1. In a total of 523 patients (68% females), the mean

age at surgery was 61 years (SD 12). In the general population

(n ¼ 682) (67% females) the mean age was 64 years (SD 12).

The Body Mass Index (BMI) was statistically higher among the

patients than in the general population, although both groups

were by mean classified over-weighted according to the WHO

classification (World Health Organization).14 Cardiac and

rheumatoid co-morbidities were overrepresented among the

patients, whereas psychiatric disorders, other musculoskeletal

disorders and cancer were more frequent in the population.

23% of the control population reported to have spinal

problems.
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The preoperative ODI in the patients was 46 (SD 16). A

significant improvement was seen at 3 months, and the ODI

change remained �26 (95% CI: �24 to �28), p < 0.001 at

5 years. In the population, the baseline ODI was 13 (SD 16)

remaining stable at 5 years, [�1 (95%CI: 0 to�2)]. Throughout

the 5-year follow-up period, the ODI was significantly poorer in

the patients than in the population, p< 0.001. Figure 1 shows the

ODI in the patients and the population divided by sex.

In HRQoL, the preoperative PCS in the patients was 27 (SD

7). The change was 8 (95% CI: 7 to 9), p < 0.001 at 5 years.

The baseline PCS in the population was 45 (SD 11) and

remained unchanged [0 (95% CI: �1 to 1)]. The patients did

not reach the population in the 5-year follow-up. Figure 2A

shows PCS in the patients and the population divided by sex.

The preoperative MCS in the patients was 47 (SD 13), and

the change was 4 (95% CI: 3 to 7), p < 0.001 at 5 years. In the

population, the baseline MCS was 53 (SD 11), and it remained

unchanged [0, (95% CI:�1 to 1)]. While the baseline MCS was

significantly lower in the patients than in the population, the

statistical difference disappeared at 3 months. Females pre-

served this benefit at 5 years, while MCS in males deteriorated

slightly. Figure 2B shows MCS in the patients and the popula-

tion divided by sex.

When analyzing the short and the long fusion subgroups

separately, ODI was higher and PCS lower before and 5 years

after surgery, but the changes were comparable (Figure 3).

MCS did not differ at any timepoint between the short and the

long fusion subgroups. Neither of the subgroups reached the

population at any timepoint.

The 5-year mortality of the patients was 3.4% (95% CI: 2.2

to 5.4). It did not statistically differ from the mortality of 4.8%
(95% CI: 3.5 to 6.7) in the population. The age, sex and co-

morbidity adjusted HR was 0.86 (95% CI: 0.48 to 1.53). Three

most common causes of death in the patients were cardiogenic

(63%), cancer (21%) and external causes (11%), and in the

population, they were cardiogenic (45%), cancer (24%) and

respiratory causes (12%).

Discussion

The present study shows the 5-year outcome of LSF in func-

tion, HRQoL and mortality in a consecutive patient series. The

overall trend was that the considerable benefits of surgery were

mostly preserved still at 5 years. According to the ODI or the

physical component of HRQoL, the patients, however, did not

reach their general population controls matched by age, sex and

residential area.

The preoperative ODI of 46 points indicates severe disabil-

ity.12 The clinically significant improvement of 26 points in the

ODI was seen at 5-year follow-up. The minimum clinically

important difference (MCID) in the ODI is reported to be

12.8 points.15 The literature presents preoperative ODI varia-

tion from 40 to 63, and postoperative changes from �12 to

�44.3,16-18 Endler et al. found the postoperative ODI to remain

stable in a long follow-up (mean 6.9 years) of fused isthmic

spondylolisthesis patients.3 Also in the RCT of Ekman et al.

concerning isthmic spondylolisthesis patients, the ODI did not

significantly change between 2 and 5 years after surgery.19

Zigler et al. observed 64.8% of fused DDD patients to have

at least 15% improvement in the ODI at 2 years.16 83.3% of

those patients retained the benefit still at 5 years. Hoy et al.

found no deterioration in ODI from 2 to 5-10 years postopera-

tively in patients fused due to heterogeneous indications.18

Therefore, our results are comparable with the earlier studies,

that indicate the improvement in functioning to persist even in

a longer follow-up.

Table 1. Baseline Demographic and Clinical Characteristics of the
Patients and the Population.

Population,
n ¼ 682

Patients,
n ¼ 523 P value

Women, n (%) 454 (67) 357 (68) 0.53
Age, mean y (SD) 64 (12) 61 (12) <0.001
BMI, mean (SD) 26.9 (4.4) 28.6 (4.6) <0.001
Co-morbidities, n (%)
Cardiological 278 (41) 263 (50) <0.001
Respiratory 66 (10) 49 (9) 0.86
Neurological 36 (5) 20 (4) 0.23
Rheumatoid 32 (5) 49 (9) <0.001
Diabetes 87 (13) 57 (11) 0.32
Psychiatric 25 (4) 9 (2) 0.043
Musculosceletal 55 (8) 20 (4) 0.003
Cancer 14 (2) 3 (1) 0.031

Smoking, n (%) 88 (13) 82 (16) 0.20
Education, mean y (SD) 11.6 (4.0) 11.5 (2.7) 0.56
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Figure 1. The mean (95% CI) Oswestry Disability Index (ODI) in the
patients and the population (blocks and bars), divided to females and
males (white and black). Groups adjusted by age, sex and education
years.
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The improvement in the physical aspect of HRQoL was

clear from the early recovery phase and remained quite stable.

The PCS change of 8 (95% CI: 7 to 9) points at 5 years exceeds

4.9, which is reported to be the minimum clinically important

difference (MCID) for PCS.15 Rampersaud et al. show PCS

change of 10.4 points at 2 years after LSF in degenerative

spondylolisthesis patients.20 In the register-based LSF study

of Endler et al., there was no deterioration in PCS between 2
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Figure 3. The mean (95% CI) Oswestry Disability Index (ODI), the physical and mental component summary scores of SF-36 (HRQoL) in the
patients divided by fusion length (gray ¼ short fusion ¼ 1 to 2 levels, black ¼ long fusion ¼ more than 2 levels; white ¼ population). Groups
adjusted by age, sex and education years.
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Figure 2. A and B, The mean (95% CI) physical and mental component summary scores of SF-36 (HRQoL) in the patients (blocks and bars) and
the population (lines), divided to females and males (white/dashed and black). Groups adjusted by age, sex and education years.
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and 5 years after surgery.3 The PCS changes compares with the

ODI changes, which supports the assumption that they partly

describe the same aspects of functioning.

The MCS change also was statistically significant during the

whole follow-up period. The change was 4 (98% CI: 3-5)

points at 5 years. Clinical relevance of this is, nevertheless,

difficult to determine, since the MCID for MCS in a lumbar

spine surgery specific context has not been published. In the

SF-36 instrument, a low PCS score tend to raise the MCS score,

which may lead to underestimation of the mental component

change in conditions with remarkable physical disability.21

There was a difference between the sexes: only females

reached their general population controls at 5 years in MCS.

When dividing the patients to short and long fusion sub-

groups, a comparable improvement was seen in all variables

between the subgroups. Disability was higher in the long fusion

subgroup before and after surgery. Even the short fusion sub-

group did not reach the population in functioning.

To our best knowledge, there are not many studies compar-

ing the LSF outcome with a matched population. This makes

the present study novel. In the field of orthopaedics, the effi-

cacy of big joint arthroplasties is well documented due to com-

prehensive arthroplasty registries and rich literature.22 The

outcome of arthroplasty surgery can be used as a benchmark

in the assessment of LSF benefits.

Mokhtar et al. compared LSF patients and total hip and total

knee arthroplasty (THA and TKA) patients with an age

matched general population.23 The spinal patients had a single

level degenerative spondylolisthesis, and they were treated

with decompression and a single level fusion. They found the

HRQoL of LSF patients to approach the population in a 2-year

follow-up. Improvement in PCS (of SF-12) was 11 points in the

LSF and THA cohorts, while it was 8 points in the TKA cohort.

The MCS improvement in the LSF cohort was 4 points, and the

postoperative MCS scores were congruent between the cohorts

and the population. Our patients, however, did not reach the

population in PCS at any time-point. The key explanation for

this discrepancy is probably the difference in indications for

surgery. We included all elective surgeries, also multilevel

pathologies and postoperative conditions in contrast to a single

diagnostic entity. Revisions were not analyzed separately here.

Rampersaud et al. have also compared spinal stenosis surgery

(decompression with or without fusion) with THA and TKA

surgery between matched patient cohorts.24 They found similar

cost-utility ratios in a combined spine surgery cohort (decom-

pression only and fusion) as THA and TKA cohorts. The 5-year

health utility was nevertheless lower after spinal stenosis sur-

gery than after arthroplasties. Mannion et al. compared differ-

ent types of degenerative lumbar spine surgeries with THA and

TKA.25 They found joint replacements more successful at 12

months than spine surgery, even though the baseline level was

better among THA patients. Considering these, LSF surgery in

general does not seem to produce the same level of functional

benefit as arthroplasties.

Our patient cohort was quite comparable with the popula-

tion cohort in most of the comorbidities (Table 1). The

differences in psychiatric or musculo-skeletal comorbidities

or cancer prevalence are most probably caused by patient selec-

tion in the surgical decision making. The self-reported preva-

lence of spinal problems (23%) in the control population is

congruent with previous epidemiological studies.26 Rheuma-

toid diseases were overrepresented in the patient group (9%
to 4%). It is possible that rheumatoid diseases are related to

an increased need for spinal surgery.27 Cardiac conditions were

also more prevalent among the patients than in the general

population (50% to 41%). However, this study shows the mor-

tality of the patients to be at the same level with the mortality of

the population. Despite the chronic nature of the spinal disease,

it did not increase mortality—even despite of higher cardiac

co-morbidity prevalence. Of course, bias probably exists here:

the patients with better condition more often end up in LSF. To

our knowledge, no study with this long follow-up has compared

the mortality of LSF patients with a matched population. Lurie

et al. reported the 8-year mortality in an RCT comparing opera-

tive and conservative treatment in lumbar spinal stenosis.28 The

mortality of the operative group (8%) was lower than would

have been expected on the basis of the age- and sex-specific

mortality rate (13%). Perhaps here also existed positive selec-

tion bias with the patients ending up in RCT as surgical can-

didates. In the review article of Yavin et al., mortality was not

associated with any treatment modality in 20 studies concern-

ing degenerative lumbar spine.2

Studies with long-term follow-ups are necessary to assess

the possible benefits of LSF. Need for these operations is

increasing with the aging population. It is estimated that one

fifth of people over 65 years suffers from lumbar spinal clau-

dication, and half of those have serious daily limitations and

disability.2,29

Conclusion

LSF surgery benefits a heterogeneous group of patients in dis-

ability and HRQoL. The positive change is mostly sustained in

a 5-year follow-up. Despite the improvement, the patients did

not reach the physical level of the population. The mortality of

the patients is at the same level as in the population.
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Isthmic Spondylolisthesis is Associated with Less
Revisions for Adjacent Segment Disease After
Lumbar Spine Fusion Than Degenerative
Spinal Conditions

A 10-Year Follow-Up Study

Leevi A. Toivonen, MD,a Heikki Mäntymäki, MD, PhD,a Arja Häkkinen, PhD,b Hannu Kautiainen, PhD,c

and Marko H. Neva, MD, PhDa

Study Design. Prospective, follow-up study.
Objective. We aim to compare the rate of revisions for ASD

after LSF surgery between patients with IS and DLSD.
Summary of Background Data. ASD is a major reason for

late reoperations after LSF surgery. Several risk factors are linked

to the progression of ASD, but the understanding of the underlying

mechanisms is imperfect. If IS infrequently becomes complicated

with ASD, it would emphasize the role of the ongoing degenera-

tive process in spine in the development of ASD.
Methods. 365 consecutive patients that underwent elective LSF

surgery were followed up for an average of 9.7years. Surgical

indications were classified into 1) IS (n¼64), 2) DLSD (spinal

stenosis with or without spondylolisthesis) (n¼222), and 3) other

reasons (deformities, postoperative conditions after decompression

surgery, posttraumatic conditions) (n¼79). All spinal reoperations

were collected from hospital records. Rates of revisions for ASD

were determined using Kaplan–Meier methods.

Results. Altogether, 65 (17.8%) patients were reoperated for

ASD. The incidences of revisions for ASD in subgroups were 1)

4.8% (95% CI: 1.6%–22.1%); 2) 20.5% (95% CI: 15.6%–

26.7%); 3) 20.6% (95% CI: 12.9%–31.9%). After adjusting the

groups by age, sex, fusion length, and the level of the caudal

end of fusion, when comparing with IS group, the other groups

had significantly higher hazard ratios (HR) for the revision for

ASD [2) HR (95% CI) 3.92 (1.10–13.96), P¼ 0.035], [3) HR

(95% CI) of 4.27 (1.11–15.54), P¼0.036].
Conclusion. Among patients with IS, the incidence of revisions

for ASD was less than a 4th of that with DLSD. Efforts to prevent

the acceleration of the degenerative process at the adjacent level

of fusion are most important with DLSD.
Key words: adjacent segment disease, adjacent segment
pathology, degenerative lumbar spine disorders, degenerative
spinal disorders, degenerative spondylolisthesis, isthmic
spondylolisthesis, lumbar spine fusion, revisions, spinal stenosis.
Level of Evidence: 3
Spine 2022;47:303–308

L
umbar spine fusion (LSF) surgery has been shown to
decrease disability and improve health-related quality
of life in several spinal disorders.1–3 Degenerative

lumbar spine disorders (DLSD) are by far the most common
reason for LSF surgery.4,5 Isthmic spondylolisthesis (IS),
which is caused by congenital defect or a stress fracture
in pars interarticularis, is the most frequent nondegenerative
indication covering up to 20% of LSF surgery.5,6 The
reports of promising results of LSF surgery have led to
remarkable increase in it during the last decades.7 However,
LSF surgery is associated with a significant risk for repeat
surgeries, which are undesirable consequences of surgery
causing distress to patients and economic burden to patients,
employers, and societies.8

Adjacent segment pathology is a degenerative condi-
tion that develops to the disc level adjacent of fusion.9
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Approximately 25% to 30% of radiological adjacent
segment degenerations are assumed to proceed to a symp-
tomatic adjacent segment disease (ASD), where symptoms
are generated by neural compression or instability.10

Terminology concerning the condition, however, is not
consistent in the literature. In the present study, we use the
term ‘ASD’ to refer to a symptomatic deterioration of
adjacent segment.

ASD is a major cause of late reoperations after LSF.11

Meta-analysis by Xia et al12 calculated a pooled prevalence
of 26.6% for radiological adjacent segment degeneration
after LSF. Already at a 4-year follow-up, the cumulative risk
for reoperation for ASD has been reported to be as high as
8.7%.13

Several potential risk factors are linked to the progression
of ASD: age, genetic factors, pre-existing adjacent segment
degeneration or stenosis, laminectomy at adjacent level of
fusion, osteoporosis, poor sagittal balance.10,11 The role of
different surgical indications behind the development of
ASD, nevertheless, has not been thoroughly investigated.
IS, in a fundamental way, differs from DLSD. There is little
evidence that it might infrequently become complicated
with ASD.14,15 However, this is a question of utmost impor-
tance, since if ASD develops as a consequence of the ongoing
degenerative process in spine, the impact of different surgi-
cal methods in the prevention of ASD, including minimally
invasive techniques, remains unanswered. The role of dif-
ferent surgical techniques here, naturally, warrants a proper
randomized setting to be resolved.

The aim of the present study was to determine the
incidence of reoperations for ASD in a prospective, 10-
year follow-up and compare them between IS and DLSD.
We hypothesized revisions for ASD to be significantly
less frequent among patients with IS. As degenerative
spinal disorders are a heterogeneous entity, we formed 2
groups: clear DLSD (spinal stenosis with or without
spondylolisthesis) and ‘‘other indications’’ to help
draw conclusions.

MATERIALS AND METHODS

Patients
Between 2008 and 2012, all elective LSF patients
(N¼433) in Tampere University Hospital were invited
to participate in a prospective follow-up study. As Finland
has a national health insurance system, all LSF surgeries
and reoperations within a certain population are per-
formed at a certain hospital. At the baseline, demographic
data were recorded by the study personnel and the patient.
Surgeons filled in diagnoses and surgical details. The
patients filled in Oswestry Disability Index, Depression
scale, and a visual analogue scale for back and leg pain at
the baseline.

In the present analysis, exclusion criteria were 1) a fusion
reaching thoracic spine, 2) former fusion performed prior to
data collection period, 3) tumor or 4) an acute fracture. Late
conditions after a fracture or previous decompression

surgery were included. All primary surgeries were open,
instrumented posterolateral fusions performed form mid-
line incision combined with necessary decompression. Inter-
body fusion (transforaminal lumbar interbody fusion
[TLIF]/posterior lumbar interbody fusion [PLIF]) was used
by surgeon’s consideration. Surgical indications were
grouped into 1) IS, 2) DLSD (spinal stenosis with or without
degenerative spondylolisthesis) and 3) other reasons (defor-
mities, postoperative conditions after decompression, post-
traumatic conditions).

The follow-up continued to June of 2020. All spinal
reoperations during the follow-up were collected from the
patient records. Indications for index surgeries and reoper-
ations were confirmed from the patient records, radiographs
and magnetic resonance images. The residential status of the
patients was checked after the follow-up to clarify the
number of possible dropouts.

Statistics
The descriptive statistics are presented as means with stan-
dard deviation, as medians with interquartile range or
counts with percentages. Statistical comparisons between
groups were done using analysis of variance, and chi-square
test. In the case of violation of the assumptions (eg, non-
normality) for continuous variables, a bootstrap-type
method or Monte Carlo P-values (small number of obser-
vations) for categorical variables were used. Crude cumula-
tive rate of revisions for ASD were estimated using Kaplan–
Meier method and compared between groups with the log-
rank test. Adjusted (age, sex, fusion length, and the level of
caudal end of fusion) Kaplan–Meier cumulative rate were
estimated using 2 propensity score-based techniques, strati-
fication and weighting (marginal mean weighting through
stratification).16 Marginal mean weighting through stratifi-
cation is an extension of propensity score matching that
combines propensity score stratification and inverse proba-
bility of treatment weighting. Log-rank test with exact P-
values will be identified cumulative proportion statistical
difference. Cox regression model could not be used because
proportional-hazards assumption was violated. The nor-
mality of variables was evaluated graphically and using
the Shapiro–Wilk test. All analyses were performed using
STATA software, version 16.1 (StataCorp LP, College Sta-
tion, TX).

RESULTS
A total of 365 (84%) patients met the inclusion criteria.
Diagnostic groups included 1) IS (n¼64), 2) DLSD
[n¼222; spinal stenosis with (80%) or without (20%)
degenerative spondylolisthesis] and 3) other reasons
[n¼79; including deformities (33%), postoperative condi-
tions after decompression (56%), posttraumatic conditions
(10%)]. Patients with IS were significantly younger, more
were men, more educated, and they undergone shorter
fusions which more often reached sacrum when comparing
with other patients, as seen in Table 1. Demographically, the
DLSD group resembled the 3rd group.
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In the whole study population, a total of 3112 person–
years were followed up, of which 608 (median 9.7) years in
the IS group, 1852 (median 9.4) years in the DLSD group,
and 653 (median 9.4) years in the 3rd group. The rate of
revisions for ASD in the follow-up is presented in Table 2.
Altogether, 95% of the patients that were reoperated for
ASD underwent elongation of the fusion, while 5% of them
underwent only decompression. None of the merely decom-
pressed patients ended up to additional surgery during the
follow-up.

As the DLSD group consists of patients with spinal
stenosis with or without degenerative spondylolisthesis,
we calculated the revision rates between these subgroups,
but they did not significantly differ [17.9 (95% CI: 12.8–

24.6) without spondylolisthesis, 30.4 (95% CI: 18.8–46.8)
with spondylolisthesis, P¼0.058].

In the follow-up, 11% of the patients underwent some
other spinal reoperation even though they were not reop-
erated for ASD. Most common reasons for these other
reoperations were instrumentation failure or pseudoarthro-
sis (53%), and hematoma or infection (25%).

Out of the patients that did not undergo revision for ASD,
4 (6.3%) of patients with IS, 16 (7.2%) of patients with
DLSD, and 5 (6.3%) of the other patients had moved away
during the follow-up. All of them, nevertheless, underwent
at least a 1-year follow-up visit at our unit.

To eliminate the bias from differences in demographic or
surgical details, the groups were adjusted by age, sex, fusion

TABLE 1. Demographic Data, Self-reported (�) Prevalence of Symptoms and Comorbidities and
Questionnaires at the Baseline, and Type of Primary Surgery Divided by Surgical
Indication (DLSD Includes Spinal Stenosis With or Without Degenerative
Spondylolisthesis; ‘‘Other Reasons’’ Include Deformities, Postoperative Conditions
After Decompression and Posttraumatic Conditions)

IS, N¼64 DLSD, N¼222 Others, N¼79 P-value

Women, n (%) 28 (44) 169 (76) 44 (56) <0.001

Age, mean (SD) 48 (12) 65 (10) 64 (12) <0.001

BMI, mean (SD) 27.8 (4.3) 28.4 (4.5) 28.3 (4.1) 0.49

Smoking�, n (%) 7 (11) 12 (6) 8 (10) 0.21

Education years�, mean (SD) 13.1 (3.9) 11.2 (3.9) 11.0 (3.8) 0.002

Physical activity�, h/wk, median (IQR) 6.0 (3.0, 10.0) 4.5 (2.0, 9.0) 4.6 (2.0, 10.0) 0.099

Duration of spinal problem�, yr, median (IQR) 10.0 (5.0, 25.0) 9.5 (4.0, 20.0) 15.0 (5.0, 25.0) 0.097

Back pain�, VAS, mean (SD) 60 (25) 62 (26) 72 (22) 0.005

Leg pain�, VAS, mean (SD) 56 (26) 67 (23) 70 (24) 0.001

ODI�, mean (SD) 42 (15) 46 (15) 51 (18) <0.001

DEPS�, mean (SD) 9.2 (6.7) 10.5 (6.0) 10.9 (6.9) 0.12

Co-morbidities�, n (%)
Cardiovascular diseases 22 (36) 119 (58) 43 (63) 0.003

Diabetes 5 (8) 24 (12) 12 (18) 0.25

Mental disorders 2 (3) 5 (2) 0 (0) 0.36

Lung diseases 6 (10) 12 (6) 3 (4) 0.41

Neurological disorders 2 (3) 5 (2) 0 (0) 0.36

Rheumatic diseases 0 (0) 1 4 (7) 7 (10) 0.029

Fusion, n (%)
Lower end vertebra <0.001

-L3 0 (0) 1 (0) 2 (3)

-L4 1 (2) 9 (4) 3 (4)

-L5/6 10 (16) 117 (53) 27 (34)

-S1 53 (83) 95 (43) 47 (59)

Length, levels, n (%) <0.001

1 36 (56) 61 (27) 8 (10)

2 21 (33) 89 (40) 22 (28)

3 7 (11) 54 (24) 30 (38)

4 0 (0) 17 (8) 11 (14)

5 0 (0) 1 (0) 8 (10)

Interbody cage (TLIF/PLIF), n (%) 35 (55) 24 (11) 7 (9) <0.001

DEPS indicates Depression scale; DLSD, degenerative lumbar spine disease; IQR, interquartile range; IS, isthmic spondylolisthesis; ODI, Oswestry Disability
Index; PLIF, posterior lumbar interbody fusion; SD, standard deviation; TLIF, transforaminal lumbar interbody fusion; VAS, visual analogue scale.
�Self-reported.
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length, and caudal end of fusion. After that, the cumulative
rate of revisions for ASD is presented in Figure 1. After the
same adjustments, when comparing with IS group, the
DLSD had a hazard ratio (95% CI) of 3.92 (1.10–
13.96), P¼0.035 for ASD revision, and the 3rd group
had that of 4.27 (1.11–15.54), P¼0.036, correspondingly.
Further, these results were not changed by increasing the use
of interbody cage to the multivariate model.

DISCUSSION
In a 10-year follow-up, the incidence of revisions for ASD
was 18% among all LSF patients. The incidence was 4.8%

in patients with IS – less than a 4th of that (21%) in patients
with DLSD or other indications.

As expected, patients with IS remarkably differed from all
other patients. They were younger, more educated, had
lesser cardio-vascular comorbidities and their disability
and intensity of pain prior to index surgery was lower.
The DLSD group, on the other hand, demographically
resembled the 3rd group which included patients with
deformity, and postoperative and posttraumatic conditions.
In addition, the incidences of revisions for ASD were similar
between these 2 groups. In fact, the 3rd group mainly can be
considered degenerative, as well, since the primary disorder
in almost 90% of them was also degenerative. However, the
diagnoses in the 3rd group (deformities, postoperative and
posttraumatic conditions) represent special cases requiring
more individual consideration. Therefore, we excluded
them from the main comparison between IS and DLSD.
The duration of the spinal problem prior to the index
surgery was considerably long, with median of 10 to
15 years, in all 3 groups.

IS is caused by a defect in pars interarticularis acquired
during the first 2 decades of life.6 It can usually be consid-
ered a problem of only 1 spinal segment. Contrary to that,
DLSD generally develops later, and the degeneration usually
exists in multiple levels even in cases, where the target of
surgery is at 1 or 2 levels. In the present study, as well,
patients DLSD underwent longer fusions than patients with
IS (Table 1).

Knowledge of the incidence of ASD is weak due to
variation between the definitions of ASD and duration of
follow-ups. Meta-analysis by Xia et al12 reported an occur-
rence of 5% to 77% for radiological adjacent segment
degeneration and 0% to 27% for ASD after LSF. Lad
et al17 reported an overall 5-year reoperation rate of
17.4% after LSF performed for spinal stenosis. In a 10-year
follow-up, Gillet18 reported an incidence of 20% for revi-
sions for ASD after LSF with degenerative conditions. The
corresponding incidence of 21% in the present study con-
firms the overall incidence of 20% for revisions for ASD
after LSF with DLSD.

The previous reports suggest low incidence of ASD spe-
cifically with IS. In a retrospective, 15-year follow-up of
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Figure 1. The cumulative rate of revisions for adjacent segment dis-
ease (ASD) between groups of surgical indications adjusted by age,
sex, fusion length and caudal end of fusion (‘‘Isthmic’’ ¼ isthmic
spondylolisthesis (IS); ‘‘Degenerative’’ (DLSD) includes spinal steno-
sis with or without degenerative spondylolisthesis; ‘‘Others’’ include
deformities, postoperative conditions after decompression and post-
traumatic conditions).

TABLE 2. The Crude Rate of Revisions for ASDDuring theWhole Follow-up Period in all Patients and
Subgroups by Surgical Indication (DLSD Includes Spinal Stenosis With or Without
Degenerative Spondylolisthesis; ‘‘Other Reasons’’ Include Deformities, Postoperative
Conditions After Decompression and Posttraumatic Conditions)

Indication for surgery Rate of revision for ASD (%) 95% CI (%)

All patients 17.8 14.0 to 22.1

� IS 4.8 1.6 to 22.1

� DLSD 20.5 15.6 to 26.7

� others 20.6 12.9 to 31.9

P¼ 0.023 (Log-rank test)

ASD indicates adjacent segment disease; CI, confidence interval; DLSD, degenerative lumbar spine disease; IS, isthmic spondylolisthesis.
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young IS patients by Seitsalo et al,19 17% to 31% of patients
developed radiological adjacent segment degeneration after
LSF. The condition of the disc above the olisthetic segment,
nevertheless, did not differ between patients treated opera-
tively or conservatively for the same condition. However,
Ekman et al20 demonstrated at least mild degenerative adja-
cent segment changes in 48% of patients with IS after lam-
inectomy and fusion in a 12.6-year follow-up. The clinical
importance of these, nevertheless,wasmarginal. In a 5.9-year
follow-upof patientswith low-grade IS, Bae et al14 found that
only 1.9% of patients developed symptomatic ASD after
mini-anterior lumbar interbody fusion or mini-TLIF surgery.
In an average of 11-year follow-up after combined anterior
lumbar interbody fusion and percutaneous transpedicular
fixation for low-grade IS by Choi et al,15 38.8% of the
patients developed radiological adjacent segment degenera-
tion, and 12.2%of the patients developed symptomatic ASD,
but only 4.1% of the patients underwent revision surgery.
Sakaura et al21 reported a rate of 10% for symptomatic ASD
after single level PLIF surgery for low-grade IS in a 5.6-year
follow-up. Like Sakaura et al, we also performed surgeries
through open, midline incision. Nevertheless, our revision
rate of 4.8% in a 9.7-year follow-up with IS was congruent
with that of Choi et al15 who combined anterior and mini-
posterior approach. This finding does not support the idea
that surgical approach plays a crucial role in the progression
of ASD. In general, ASD seems infrequent with IS.

There exist no general criteria when to perform a revision
for ASD. The surgeon always makes a subjective decision
with the patient concerning the revision surgery. Occasion-
ally, even symptomatic patients are ruled to conservative
treatment, when surgical risks are considered too high. This
makes comparison of revision rates between studies chal-
lenging. This study showed that patients with IS are younger
and have less cardio-vascular comorbidities than patients
with DLSD. Taking this into account, patients with IS are
probably more likely to end up in revision for ASD.

In this study, only 3 (4.7%) patients with IS ended up in a
revision for ASD – and all of them in the first 3 years. We
retrospectively analyzed these cases. First of these patients
underwent extirpation of a disc prolapse from the adjacent
level at the index LSF operation and later developed insta-
bility requiring additional stabilization. The second one had
degeneration in the adjacent level facets already at the index
surgery, and that turned into radiological and symptomatic
instability afterwards. The third one underwent a 2-level
fusion and later acquired symptomatic stenosis to the adja-
cent level that primarily had only mild disc degeneration.

In a 10-year follow-up by Okuda et al,22 most revisions
for ASD were performed over 5 years after LSF. They
associated high pelvic incidence with early revisions for
ASD. We assume that a considerable portion of early revi-
sions might be linked to technical issues and might be
avoided by better implementation of surgery. In the present
study, in retrospect, we think that at least the first of the 3
revisions for ASD among patients with IS potentially could
have been avoided. However, the revisions for ASD in

patients with DLSD quite linearly cumulated by time. This
emphasizes the role of the ongoing degenerative process in
spine in the progression of ASD. Of course, this process is
multifactorial. The present study cannot answer to what
extent other surgery-related factors, such as postoperative
balance, contribute to this process.

The main strength of this study is the planned, prospec-
tive setting with a heterogeneous study population repre-
senting the spectrum of elective patients ending up in LSF
surgery. All groups underwent the same, posterior surgical
procedure by the same surgeons. As our clinic is the only unit
performing LSF surgery in a certain geographical catchment
area, our study setting to some extent resembles a popula-
tion-based setting making our findings widely generalizable.

The patients that had left our region during the follow-
up, potentially bias our findings. However, the number of
dropouts was low, and the rate was similar between the
groups, (IS: 6.3%, DLSD: 7.2%, and others: 6.3%), so we
consider this bias nonsignificant.

The demographic and surgical differences between the
groups can be seen as another limitation in this setting,
although they are consequences of the underlying pathology
leading to LSF. Nevertheless, we used adjustments by age,
sex, fusion length, and caudal end of fusion to eliminate this
bias. The use of interbody cage was considerably different
between the groups. Here, the surgical approach was the
same, and at the time of data collection, the main indication
for the use of interbody cage (TLIF or PLIF) was foraminal
decompression and strengthening the fusion to prevent early
instrumentation failures. The use of TLIF cage to correct the
sagittal alignment has increased afterwards. However,
including the use of interbody cage to the analysis did not
change the results.

CONCLUSION
A 10-year incidence of revisions for ASD after LSF was
18%. With IS the revisions for ASD were infrequent – the
incidence was less than a 4th of that with DLSD. Efforts to
prevent an acceleration of the degenerative process at the
adjacent level of fusion are most important with DLSD.

Key Points

This prospective study assessed the 10-year
incidence of revisions for ASD after LSF.

ASD was infrequent among patients with IS.

The rate of revisions for ASD among patients with
degenerative spinal disorders was over 4-fold to
that of patients with IS.
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Postoperative Sagittal Balance Has Only a Limited
Role in the Development of Adjacent Segment
Disease After Lumbar Spine Fusion for
Degenerative Lumbar Spine Disorders:
A Subanalysis of the 10-year Follow-up Study

Leevi A. Toivonen, MD,a Heikki Mäntymäki, MD, PhD,a Arja Häkkinen, PhD,b Hannu Kautiainen, PhD,c

and Marko H. Neva, MD, PhDa

Study Design. Retrospective additional analysis of a prospective
follow-up study.
Objectives. We aimed to find out whether poor postoperative
sagittal alignment increases revisions for adjacent segment disease
(ASD) after lumbar spine fusion (LSF) performed for degenerative
lumbar spine disease.
Summary of Background Data. Revisions for ASD accumulate
over time after LSF for degenerative lumbar spine disease. The
etiology of ASD is considered multifactorial. Yet, the role of post-
operative sagittal balance in this process remains controversial.
Materials and Methods. A total of 215 consecutive patients
who had undergone an elective LSF surgery for spinal stenosis with
(80%) or without (20%) spondylolisthesis were analyzed. Spinal
reoperations were collected from the hospital records. Preoperative
and postoperative sagittal alignment were evaluated from standing

radiographs. The risk of revisions for ASD was evaluated by Cox
proportional hazards regression models.
Results. We did not find the poor postoperative balance [pelvic
incidence−lumbar lordosis (LL) > 9°] to significantly increase the
risk of revisions for ASD. crude hazard ratio (HR)= 1.5 [95%
confidence interval (CI): 0.8–2.7], adjusted (by age, sex, pelvic
incidence, fusion length, and the level of the caudal end of fusion):
HR=1.7 (95% CI: 0.9–3.3). We found higher LL outside the fusion
segment (LL−segmental lordosis) to decrease the risk of revisions
for ASD: HR=0.9 (95% CI: 0.9–1.0).
Conclusion. Poor sagittal balance has only a limited role as a risk
factor for the revisions for ASD among patients with degenerative
spinal disease. However, the risk for ASD might be the greatest
among patients with reduced spinal mobility.
Key words: lumbar spine fusion, degenerative spinal disease,
sagittal balance, revisions, adjacent segment disease, adjacent
segment pathology
Level of Evidence: 3
Spine 2022;47:1357–1361

Lumbar spine fusion (LSF) surgery is a common
procedure in the treatment of several spinal patholo-
gies. Degenerative lumbar spine disorders (DLSDs) are

the most common reason for LSF, while isthmic spondylo-
listhesis (IS) covers up to 20% of the cases.1,2 LSF surgeries
occasionally become complicated by the need for repeat
surgeries.3,4 Adjacent segment disease (ASD) is a major
reason for late reoperations after LSF.5 By definition, ASD is
a degenerative condition that postoperatively develops to
the disk level next to the fusion segment and causes
symptoms via instability or neural compression.6 ASD is the
most frequent among the patients with DLSD where reop-
erations accumulate by time, on contrast to the patients
with IS, who infrequently acquire this complication.4,7,8DOI: 10.1097/BRS.0000000000004400
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Etiology of ASD is thought to be multifactorial. Yet, the
detailed pathogenesis remains not thoroughly clarified. On
the one hand, LSF surgery may contribute to the patho-
genesis by altering the adjacent level biomechanics. On the
other hand, the ongoing degenerative process outside the
fusion itself seems to have a significant role, as well.9

Several potential risk factors are linked to the progression of
ASD, but their significance varies in the literature.5,10 Sag-
ittal alignment after LSF is generally considered relevant
here, so that failure to restore normal lordosis or loss of
lordosis in LSF increases the risk of ASD.5,11 If the post-
operative balance can be linked to the occurrence of
ASD, this would also support the role of surgery in the
pathogenesis of ASD.

In a 10-year prospective follow-up study of elective LSF
surgeries performed in a single university center, we found
revisions for ASD to accumulate over time among patients
with DLSD while they were sporadic with IS. Here, we per-
formed additional analysis among the DLSD patients to find
out whether poor postoperative sagittal alignment increases
the revisions for ASD in a 10-year follow-up after LSF.

MATERIALS AND METHODS

Patients
Between 2008 and 2012, all elective LSF patients in Tampere
University Hospital were recruited into a prospective follow-
up study. In Finland, a single public unit performs LSF
surgeries and reoperations for a certain population. Hence,
the study population represents a certain geographical
catchment area. At the baseline, surgeons and study per-
sonnel filled in the demographic and surgical data, and the
patients answered the following questionnaires: Oswestry
Disability Index, Depression Scale, and a Visual Analog Scale
for back and leg pain. All patients signed written consent,
and the Tampere University Hospital Ethics Committee ap-
proved the study (R07108).

As ASD is mainly related to degenerative spinal dis-
orders, we excluded patients with IS here. Our previous
follow-up showed deformity patients to resemble DSLS
patients demographically and in terms of revisions for
ASD.4 However, given their condition which potentially
requires more extensive surgery and individual judgement,
we excluded patients with deformity here to facilitate an-
swering to the present question. Hence, our exclusion
criteria were: (1) fusion reaching the thoracic spine, (2)
former spine surgery, (3) IS, (4) deformity, (5) fracture, or
(6) tumor. Our whole study population suffered from
degenerative lumbar spine pathology with related neural
compression, that is, spinal stenosis with (80%) or with-
out (20%) spondylolisthesis. Fusion was implemented to
address the spondylolisthesis or to facilitate foraminal
decompression. All surgeries were instrumented postero-
lateral fusions from midline incision with or without
interbody fusion (transforaminal lumbar interbody
fusion/posterior lumbar interbody fusion) combined with
necessary decompression.

We investigated all spinal reoperations from the patient
records. Death or reoperation for ASD ended the follow-up
of a single patient—otherwise, the follow-up continued to
June of 2020.

Spinopelvic Parameters
Lumbar lordosis (LL), pelvic incidence (PI), sacral slope,
pelvic tilt, and segmental lordosis (SL) of the fusion segment
were determined from sagittal standing lumbar spine ra-
diographs before and 3 months after surgery. The pre-
operative standing radiograph was missing from 7 patients
—they were excluded from the analysis. Figure 1 shows the
definitions of these parameters. PI is regarded a constant
value determined by individual pelvic anatomy. We
determined LL as an angle between the upper endplates of
L1 and S1 vertebrae. Schwab et al12 postulated a formula
LL= PI ± 9° in the normal population. According to that,
the patient can be considered hypolordotic in spine surgery
settings with PI−LL > 9°. The optimal target lordosis in
LSF, however, decreases with the patient’s age.13,14 A single
threshold was chosen for statistical analysis. Further,
analyses were performed separately to the patients under
and over 65 years to avoid the potential effect of the
difference between the age-appropriate threshold and the
fixed cutoff of 9°. Sacral slope describes the pelvic
alignment, and pelvic tilt indicates the amount of pelvic
retroversion which is needed to maintain a standing
posture. After LSF, LL−SL represents the mobile segment
of the lumbar spine.

Figure 1. Lumbar spinopelvic parameters: lumbar lordosis (LL), pelvic
incidence (PI), sacral slope (SS), pelvic tilt (PT), and segmental lordosis
(SL) of the fusion segment. Values are presented in degrees.
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Statistics
The descriptive statistics are presented as means with SD, as
medians with interquartile range or as counts with percen-
tages. Cox proportional hazards regression models were
used to estimate the adjusted hazard ratios (HRs) and their
95% confidence intervals (CIs). Age, sex, fusion length, and
the level of the caudal end of fusion were used as covariates
in these models. The possible nonlinear relationship be-
tween LL and SL and the risk of revision for ASD was
modeled using restricted cubic splines with 4 knots at the
fifth, 35th, 65th, and 95th percentiles. Spline functions
were estimated using multivariable Cox proportional haz-
ard regression models, including age, sex, fusion length, and
the level of the caudal end of fusion as a covariate. All
analyses were performed using STATA software, version
16.1 (StataCorp LP, College Station, TX).

RESULTS
A total of 215 patients (mean age: 66 yr, SD: 10 yr) met the
inclusion criteria. Most of them were women (76%) who
most commonly underwent two-segment fusion in the lower
lumbar spine (Table 1).

During the follow-up with a median of 9.2 years,
43 (20%) patients underwent a revision for ASD.

The spinopelvic parameters of the patients were equal
preoperatively and postoperatively (Table 2). By mean, the
difference PI−LL ranged in normal lordosis before and after
surgery. However, 83 (39%) patients were hypolordotic
after surgery according to the mismatch of PI−LL >9°.

The postoperative imbalance (PI−LL >9°) did not result
in a significantly increased risk of revision for ASD ac-
cording to the Cox multivariate model. The crude HR of
1.5 (95% CI: 0.8–2.7) and adjusted (by age, sex, PI, fusion
length, and the level of the caudal end of fusion) HR of 1.7
(95% CI: 0.9–3.3) remained statistically insignificant. HR
was the same, insignificant, if patients under and over
65 years were analyzed separately.

Postoperative segmental hypolordosis might lead to hy-
perlordosis outside the fusion segment (LL−SL) as a com-
pensatory mechanism. Nevertheless, we found higher LL
−SL to result in less revisions for ASD: HR=0.9 (95% CI:
0.9–1.0). The effect of continuous difference LL−SL on re-
visions for ASD is shown in Figure 2 reinforced this finding.

DISCUSSION
Among patients who underwent LSF surgery for DLSD, we
did not find postoperative hypolordosis (by PI−LL > 9°) to
result in a significant increase of the risk for revision for
ASD during a 10-year follow-up. However, mismatch of 9°
does not always represent a clinical threshold for sat-
isfactory and poor alignment. Older age groups reportedly
tolerate lower lordosis and greater mismatch than younger
patients.13,14 Nevertheless, one fixed cutoff was used to
differentiate good and poor alignment in statistical analysis.

As previously indicated, revisions for ASD are infrequent
after LSF for IS.4 Contrary to that, they accumulate almost
linearly over time among patients that have undergone LSF for

TABLE 1. The Baseline Demographic Data, Self-
reported (*) Symptoms and
Comorbidities, and the Type of
Primary Surgery

N= 215

Women [n (%)] 164 (76)

Age [mean (SD)] 66 (10)

BMI [mean (SD)] 28.6 (4.4)

Smoking* [n (%)] 12 (6)

Education years [mean (SD)] 11.1 (3.9)

Physical activity* [mean (SD)] (h/wk) 4 (2, 9)

Duration of the spinal problem* [median (IQR)] (y) 9 (4, 20)

Back pain* VAS [mean (SD)] 61 (26)

Leg pain* VAS [mean (SD)] 68 (23)

ODI* [mean (SD)] 45 (15)

DEPS* [mean (SD)] 10.5 (6.1)

Comorbiditie* [n (%)]

Cardiovascular 118 (60)

Diabetes 24 (12)

Psychiatric disorder 5 (3)

Pulmonary 11 (6)

Neurological 5 (3)

Rheumatoid 14 (7)

Indication for surgery

Spinal stenosis with spondylolisthesis [n (%)] 172 (80)

Spinal stenosis without spondylolisthesis [n (%)] 43 (20)

Fusion

Level of the lower end [n (%)]

L3 or L4 9 (4)

L5 or L6 114 (53)

S1 92 (43)

Length, levels [n (%)]

1 59 (27)

2 84 (39)

3 54 (25)

4 17 (8)

5 1 (0)

Interbody cage (TLIF/PLIF) [n (%)] 23 (11)

BMI indicates body mass index; DEPS, Depression Scale; IQR, interquartile
range; ODI, Oswestry Disability Index; PLIF, posterior lumbar interbody fu-
sion; TLIF, transforaminal lumbar interbody fusion; VAS, Visual Analog Scale.
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DLSD. This phenomenon highlights the role of the ongoing
degenerative process in the spine in the development of ASD.

Generally, the effect of postoperative sagittal alignment
on clinical outcome is established, but its role in the
prevention of ASD is more unclear.15,16 In the literature, the
case-control study of Djurasovic and colleagues is often
referred to as a proof of an association between post-
operative hypolordosis and the increased revisions for
ASD.5,11,17 In that study, the mean interval between the

initial surgery and the revision was 58 months, while the
mean follow-up period for controls was only 55 months,
which we consider relatively short. As revisions accumulate
over time, and secondly, patients may die during the follow-
up, we consider the Kaplan-Meier method an appropriate
way to assess this phenomenon.

Kim et al18 retrospectively analyzed 69 patients who
underwent L4–L5 fusion for IS or degenerative spondylo-
listhesis. They concluded that maintaining a segmental lor-
dosis of 20° or more was important in the prevention of
ASD. Bae et al,19 in their retrospective analysis, suggested
that restoration of segmental lordosis is important in the
prevention of ASD. Nevertheless, they found only a statis-
tically insignificant difference of 3° between ASD and non-
ASD groups. In a prospective 5-year follow-up after LSF,
Anandjiwala et al20 found preexisting adjacent segment
degeneration, not postoperative balance, to be a risk factor
for radiological ASD. Furthermore, they found no correla-
tion between the clinical outcome and radiological ASD. In
a retrospective 10-year follow-up of posterior lumbar in-
terbody fusion surgeries, Nakashima et al21 found high PI,
not LL, a significant risk factor for early-onset ASD. In a
retrospective analysis of Alentado et al,10 SL and LL were
not significant risk factors for ASD.

Despite a relatively large study population and a long
follow-up, we did not find a statistically significant effect of
poor postoperative balance on the rate of revisions for ASD.
Hence, we postulate that alignment plays a less significant
role in the multifactorial pathogenesis of ASD than com-
monly proposed. We consider the ongoing degenerative
spinal disease the most important single factor in this entity.

Poor segmental alignment requires compensatory mech-
anisms from the patient to maintain global balance. Hy-
perlordosis in the mobile segment of the lumbar spine,
usually above the fused segment, is one of the compensatory
mechanisms after LSF.22 Thus, we expected higher LL−SL
to relate to increased revisions for ASD caused by the in-
creased stress at the adjacent segments. However, the con-
nection was the opposite. This may indicate that the
patients with mobile spine present more capacity to com-
pensate and thus less stress to the adjacent segments.
Moreover, Figure 2 indicated a strong effect from the
change in LL−SL on the revisions for ASD. Our data
provide no definitive answer whether this, in fact, more
reflects the individual alignment or mobility in the mobile
segment. It is also possible that some of the patients had an
unfulfilled need for compensation before and after surgery
due to a stiff spine. Earlier, diffuse idiopathic skeletal
hyperostosis, a condition resulting in severely restricted
spinal mobility, is reported as a significant risk factor for
ASD after short segment LSF.23 We assume that the benefit
of reasonable segmental lordosis in the prevention of ASD
might be the most important with reduced spinal mobility.

During the data collecting period, use of interbody cage
was less common than nowadays. The main indication for
interbody cage then was foraminal decompression or
strengthening the fusion to prevent instrumentation failures.

TABLE 2. The Spinopelvic Parameters (°) Before
and After Lumbar Spine Fusion
Surgery

Mean (SD)

Preoperative Postoperative

LL 50 (13) 49 (12)

PI 56 (10) —

PI−LL 6.7 (11.1) 6.7 (11.1)

PT 20 (8) 21 (7)

SS 37 (9) 36 (8)

SL 29 (14) 27 (12)

LL−SL 21 (14) 22 (13)

LL indicates lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SL,
segmental lordosis; SS, sacral slope.

Figure 2. Higher lordosis in the mobile segment of the lumbar spine
(LL−SL) after lumbar spine fusion was linked to decreased revisions for
adjacent segment disease. Reference level (hazard ratio= 1) of LL−SL
was here set to 21°. CI indicates confidence interval; LL, lumbar
lordosis; SL, segmental lordosis.
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The use of transforaminal lumbar interbody fusion in the
correction of sagittal alignment has increased thereafter.
Therefore, we did not assess the role of the interbody cage
in the prevention of ASD here.

Although the connection between postoperative sagittal
alignment and the occurrence of ASD seems less straight-
forward as occasionally proposed, the pursuit of normal
alignment is important, especially for the clinical outcome.
In this study, we have not investigated how postoperative
sagittal balance affects the functionality or the health-
related quality of life. Moreover, ending up in kyphosis
during LSF surgery usually hampers future revision
surgeries, where restoring normal balance may require
considerably heavier surgery. All this might have the
greatest impact with limited spinal mobility.

This study does not prove that sagittal alignment has no
effect on the development of ASD. However, our results
reinforce the perception from the literature that sagittal
alignment has only a limited effect on the progression
of ASD.

CONCLUSION
Poor sagittal alignment (mismatch PI−LL > 9°) did not
significantly increase revisions for ASD in a 10-year follow-
up of the patients who underwent LSF for DLSD. Achieving
appropriate segmental lordosis in LSF might be the most
important in patients with reduced spinal mobility.

➢ Key Points

❑ We performed a retrospective additional analysis
to evaluate the effect of sagittal alignment on the
risk of revisions for adjacent segment disease
after LSFs.

❑ The study population had been prospectively
followed up for 10 years after having undergone
LSF for a degenerative spinal disorder (stenosis
with or without spondylolisthesis).

❑ We did not find poor postoperative balance to
significantly increase the risk of revisions for ASD.
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