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Background and Aim: This study aims to evaluate the frequency of adjacent segment disease 
(ASD) and its risk factors following posterior decompression and fusion in lumbar degenerative 
disorders.

Methods and Materials/Patients: This retrospective cohort study was performed by reviewing the 
records of patients with spinal degeneration disorders who underwent lumbar fusion surgery and 
needed reoperation from 2013 to 2019. The participants were divided into two groups, including 
patients with ASD and non-ASD patients, and were compared in terms of age, sex, BMI, smoking, 
fusion level, surgical indications, follow-up times, laminectomy, cross-link device usage, imaging 
findings, fusion terminating in L1, L5 and S1, and reoperation.

Results: Out of a total of 277 candidates, 181 met the inclusion criteria. In terms of gender 
distribution, 43.3% of the participants were male and 56.7% were female. The median age was 
54 years in the ASD group and 48 years in the non-ASD group. The median follow-up of the 
patients was six years in the ASD group and five years in the non-ASD group. Forty patients (22.1%) 
developed ASD during this period. The final analysis showed a significant relationship between 
age, sex, indication for reoperation, repeated surgery, laminectomy, cross-link device use, and 
imaging findings, with fusion terminating in L1.

Conclusion: High body mass index, aging, lumbar spinal canal stenosis, reoperation, laminectomy 
at the upper fusion unit, cross-link device use, lumbar canal stenosis in imaging, and fusion to L1 
vertebrae are risk factors for ASD. 

A B S T R A C T

Keywords:
Lumbar region, Spinal fusions, 
Arthrodesis, Adjacent, 
Segment 

Citation Haddadi K, Alaee A, Ghaffari A, Khademloo M. Single Surgeon Experience of Adjacent Segment Disease and Related 
Risk Factors Following Posterior Decompression and Fusion in Lumbar Degenerative Disorders. Iran J Neurosurg. 2023; 9:E10. 
http://dx.doi.org/10.32598/irjns.9.10

 : : http://dx.doi.org/10.32598/irjns.9.10

Use your device to scan 
and read the article online

Article info:
Received: 26 Aug 2022
Accepted: 20 Jan 2023
Available Online: 05 Aug 2023

Copyright © 2023 Guilan University of Medical Sciences. Published by Guilan University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work  are permitted, provided the original work is properly cited.

https://irjns.org/
http://orcid.org/0000-0002-7349-2574
https://orcid.org/0000-0002-4870-2357
https://orcid.org/0000-0002-1013-6046
mailto:paper87@yahoo.com
https://irjns.org/
http://dx.doi.org/10.32598/irjns.9.10
http://irjns.org/page/140/Open-Access-Policy
https://crossmark.crossref.org/dialog/?doi=10.32598/irjns.9.10


2023, Volume 9, No. 10

2

1. Introduction

egeneration occurring in the moving seg-
ments above or below the fused part of 
the spine is known as Adjacent Segment 
Disease (ASD). About five decades ago, 

some case studies were published on ASD as a relatively 
uncommon complication of lumbar and sacroiliac fu-
sion [1, 2].

ASD is a broad term referring to any abnormal process 
taking place in the moving segment next to a fusion. Disc 
herniation is one of the most common forms of ASD [3-
6]. Listhesis (anterolisthesis or retrolisthesis), instability, 
stenosis, hypertrophic facet arthritis, and osteophyte 
formation have been reported frequently in the litera-
ture [7-15]. Scoliosis and compression fractures of the 
vertebrae are less common [10]. Although many studies 
have shown extensive biomechanical changes in ASD 
after fusion, relatively few studies have examined the 
biomechanical changes leading to ASD. A recent in-vivo 
study on animal models showed that biomechanical 
changes can initially lead to ASD [16-32]. In the litera-
ture, the incidence of ASD varied in a wide range of ASD 
incidence is due to the retrospective nature of some 
of the studies, different research methodologies, ASD 
definitions, and patient populations. In many of these 
studies, the criteria used to determine ASD were based 
solely on radiographic findings rather than the patient’s 
clinical symptoms [3-6, 8, 11-13]. Therefore, asymptom-
atic disc degeneration, canal stenosis, disc herniation, 
spondylolisthesis, or instability at an adjacent surface 
have all been considered ASD. With radiographic crite-

ria alone, the incidence of ASD is between 8% and 100% 
[15]. In contrast, studies reporting the incidence of ASD 
based on clinical symptoms have yielded rates of 5.2% 
to 18.5% [33-44]. This study was conducted to evaluate 
the frequency of adjacent segment disease and its risk 
factors following posterior decompression and fusion in 
degenerative lumbar disorders.

2. Methods and Materials/Patients

Protocol review

The present retrospective cohort was conducted on a 
study population consisting of patients with degenera-
tive spinal disease who underwent lumbar fusion sur-
gery and needed reoperation. This study was approved 
by the institutional review board of the Orthopedic Re-
search Center of Mazandaran University of Medical Sci-
ence in Iran (IR.MAZUMS.RIB.REC.1400.023).

Subjects

The study population involved subjects who were admit-
ted directly to our Neuro-Spine Department between 2013 
and 2019 with an indication of degenerative disease based 
on the inclusion criteria. All the patients were operated on 
by the same spine surgeon. Out of the total of 277 candi-
dates, 181 eligible patients were enrolled in the study. The 
radiological examination helped identify the patients with 
the adjacent segmental disease after clinical fusion surgery 
without any clinical signs, the patients with ASD and clinical 
symptoms, and the patients without ASD but with surgical 
indications and meeting the inclusion criteria. 

D

Highlights 

• Here we evaluate the frequency of adjacent segment disease (ASD) and its risk factors following posterior decom-
pression and fusion in lumbar degenerative disorders.

• Final analysis showed a significant relationship between High body mass index, age, sex, indication for reopera-
tion, repeated surgery, and laminectomy at the upper fusion unit with developed ASD.

• Cross-link device use, lumbar canal stenosis in imaging, and fusion to L1 vertebrae are considered risk factors for ASD. 

Plain Language Summary 

Adjacent Segment Disease (ASD) is a broad term referring to any abnormal process taking place in the moving seg-
ment next to a fusion. Disc herniation, listhesis (antrolisthesis or retrolisthesis), instability, stenosis, hypertrophic facet 
arthritis, and osteophyte formation are the most common forms of ASD. Here we show that high body mass index, ag-
ing, lumbar spinal canal stenosis, reoperation, laminectomy at upper fusion unit, cross-link device use, lumbar canal 
stenosis in imaging, and fusion to L1 vertebrae are considered risk factors for ASD.
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Inclusion criteria

The inclusion criteria included patients who had clini-
cal manifestations of lumbar ASD with the following; 
the patient’s informed consent, degenerative or isthmic 
spondylolisthesis, lumbar spinal canal stenosis, degen-
erative scoliosis, herniated disc, and the possibility of 
instability. 

Exclusion criteria

The exclusion criteria included the patient’s lack of 
consent to participate in the study, a history of surgery 
indication other than spinal degenerative diseases, such 
as trauma, infection, tumor, deformity, or inflammatory 
diseases, having underlying medical conditions, such as 
diabetes, rheumatoid arthritis, kidney disease, chemora-
diotherapy, cancer, corticosteroid use, and osteoporosis.

Outcome variables

Radiological examination

The presence of lumbar disc herniation, listhesis, spi-
nal canal stenosis, vertebral fracture, and facet disorder 
in the segment adjacent to the fusion were some of the 
points of interest in the radiological examinations. The 
number of fusion levels, laminectomy above the fusion 
surface, damage to the upper facet above the fusion, 
and the presence of a cross-link were recorded in the 
fusion and instrumentation complex (Figure 1).

The patients were also asked about any contributing 
risk factors, such as smoking and osteoporosis, which 
were recorded in their designated history checklist.

Statistical methods

Quantitative variables were presented as Mean±SD 
and qualitative variables as numbers (percentage, fre-
quency, mean, minimum, and maximum). The t-test was 
used for the comparative analysis of the independent 
quantitative variables for normal distributions of the 
data and Mann-Whitney’s U test was used for abnormal 
distributions. The statistical significance level was con-
sidered 0.05 and all statistical analyses were performed 
with SPSS software, version 24 and Stata, version 14.

3. Results

Forty patients (22.1%) out of 181 patients in this study 
had ASD, 21 patients (11.6%) had just ASD with radio-
graphic findings and 19 patients (10.5%) had clinical ad-
jacent segments. Out of the 40 patients with ASD, 17 pa-
tients (42.5%) were male and 33 (57.5%) were female. 
Out of 141 patients who did not have ASD, 61 patients 
(43.3%) were male and 80 (56.7%) were female. In ad-
dition, no significant relationship was observed in terms 
of gender between the two groups with ASD and non-
ASD (P=0.932). The median age in the ASD group was 
54 years and the median age in the non-ASD group was 
48 years. Also, a significant relationship was observed 
between the patient’s age and ASD (P=0.045). 

Body mass index (BMI): The mean BMI in the group 
with ASD was 28 Kg/m2 and the median BMI in the 
group without ASD was 25.9 Kg/m2. Also, a significant 
relationship was observed between the patient’s BMI 
and ASD (P=0.003), as the group of patients with ASD 
had a higher BMI with a mean rank of 114.4 than the 
non-ASD group, with a mean rank of 84.9.

Haddadi K, et al. Adjacent Segment Disease Following Posterior Lumbar Decompression and Fusion. Iran J Neurosurg. 2023; 9:E10

Figure 1. Adjacent segment disease (ASD) presented by vertebral fracture, canal stenosis, disc herniation from left to right, respectively 
belonging to three related patients, in a segment above lumbar spine fusion 
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Smoking: Out of the 40 patients with ASD, 11 patients 
(27.5%) had a history of smoking and 29 (72.5%) had 
no history of smoking. Similarly, in the group without 
ASD, 25 patients (17.7%) had a history of smoking and 
116 (82.3%) had no history of smoking. No significant 
relationship was observed between ASD and a history 
of smoking (P=0.172). Table 1 presents the relationship 
between sex, age, smoking, and BMI with ASD.

Indications: In both groups with and without ASD, the 
highest frequency of spinal canal stenosis surgery (45%) 
pertained to ischemic or degenerative isthmic spondylolis-
thesis or potential instability. A significant relationship was 
observed between surgical indications and ASD (P=0.002). 
Patients with lumbar spinal canal stenosis were more likely 
to develop ASD. According to Cramer’s V value (0.311), this 
relationship was strong (Table 2).

Timing: No significant relationship was observed in 
terms of duration between primary surgery and ASD 
during the follow-up of the patients (P=0.334). A signifi-

cant relationship was found between a history of reop-
eration and ASD. Given Cramer’s V value (0.643), this 
relationship was strong. Also, a significant relationship 
was observed between ASD and the interval between 
the primary surgery and the first reoperation (P<0.05). 
The interval between primary surgery and the first re-
operation was higher in the group of patients with ASD 
with a mean rank of 124.4 than in the group of patients 
without ASD, with an average rank of 81.5. A significant 
relationship was present between the history of two 
reoperations and ASD (P=0.002). According to Cramer’s 
V value (0.282), this relationship was moderate. A sig-
nificant relationship was seen between ASD and the 
interval between the first surgery and the second reop-
eration (P<0.05). The interval between the first surgery 
and the second reoperation was higher in the group of 
patients with ASD with a mean rank of 98 than in the 
group of patients without ASD with a mean rank of 89 
(Table 3). 

Table 2. The relation between surgery Indications and aadjacent segment disease (ASD) development in patients with previous lumbar 
spine fusion

Variable Categories
No. (%)

X2 (P) Cramer’s V
ASD (n=40) Non-ASD (n=141)

Surgical indications

Degenerative or ischemic 
spondylolisthesis 2(5) 34(24.1)

0.002 0.311

Lumbar spinal stenosis 18(45) 27(19.1)

Degenerative scoliosis 11(27.5) 30(21.3)

Lumbar disc herniation 1(2.5) 16(11.3)

Probability of instability 8(20) 34(24.1)

Abbreviations: ASD: adjacent segment disease

Haddadi K, et al. Adjacent Segment Disease Following Posterior Lumbar Decompression and Fusion. Iran J Neurosurg. 2023; 9:E10

Table 1. The relation between sex, age, smoking and body mass index (BMI) with adjacent segment disease (ASD)

Variables
 No. (%)

X2 (P)

U Test

Mean Rank
P

ASD (n=40) Non-ASD (n=141) ASD Non-ASD

Sex, M/F 17(42.5)/23(57.5) 61(43.3)/80(56.7) 0.932 - - -

Smoking, Y/N 11(27.5)/29(72.5) 25(17.7)/116(82.3) 0.172 - - -

Age (y) 
(min-max, median±SD) 22-83, 54±10.9 17-76, 48±9.09 - 105.6 86.8 0.045

BMI (Kg/m2) 
(min-max, median±SD) 20.5-37.1, 28±4.25 19.3-36.7, 25.9±4.01 - 112.4 84.9 0.003

Abbreviations: ASD: adjacent segment disease; BMI: body mass index
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Fusion level: In the group with ASD, the median num-
ber of lumbar fusion levels was 2 and the median num-
ber of fusion levels in the group without ASD was also 
not significantly related between ASD and the number 
of fusion levels (P=0.110). 

Laminectomy: A significant relationship was observed 
between laminectomy at a high fusion level and ASD 
(P<0.05). According to Cramer’s V value (0.346), this re-
lationship was strong. 

Fusion termination: A significant relationship was 
observed between fusion terminations in the L1 ver-
tebra and ASD. According to Cramer’s V value (0.148), 
this relationship was weak. Nonetheless, no significant 
relationship was observed between the two groups 
in terms of fusion terminating in L5 (P=0.11) and S1 
(P=0.522) (Figure 2).

Cross-links: A significant relationship was found be-
tween cross-linking tools and ASD (P<0.05). According 
to Cramer’s V value (0.351), this relationship was strong 
(Figure 2).

4. Discussion

Other similar studies [46, 47] found no significant re-
lationship between gender and the incidence of ASD. 
Okuda et al. conducted a study on ASD after lumbar in-
tervertebral fusion in 1000 patients and showed no re-
lationship between the incidence of ASD (total 9%) and 
the patient’s age but ASD was more in patients over 60 
years of age [45] in the present study, the median age 

was 54 years in the ASD group and 48 years in the non-
ASD group. Also, a significant relationship was observed 
between the patient’s age and ASD in both groups 
(P=0.045). The group of patients with ASD with an aver-
age rank of 105.6 was older than the group of patients 
without ASD with an average rank of 86.8.

Body mass index (BMI) is a universally accepted and 
simple indicator defined by the World Health Organiza-
tion, with values above 25 Kg/m2 suggesting overweight 
and above 30 Kg/m2 obesity [48]. In the study conduct-
ed by Simmons et al. [49] on women aged 45 to 64 years 
and an average of nine-year follow-up, increased BMI 
was one of the risk factors for disc degeneration, and a 
BMI above 25 increased the risk of lumbar disc degener-
ation. In the present study, the median BMI was 28 Kg/
m2 in the group with ASD and 25.9 Kg/m2 in the group 
without ASD. Also, a significant relationship existed be-
tween the patient’s BMI and ASD (P=0.003). 

The group with ASD had a higher BMI with an aver-
age rank of 114.4 than the group without ASD with an 
average rank of 84.9. In addition, paraspinal muscle 
strength is not very good in overweight or obese pa-
tients compared with normal-weight people. During 
surgery, the removal of these muscles is necessary to 
expose the spine and lamina appendages. Furthermore, 
paraspinal muscle traction is inevitable in this operation 
for decompression and fusion, which can reduce muscle 
function after surgery. If the paraspinal muscles are not 
strong enough to maintain a standing position, the de-
generation of the intervertebral disc of the articular ap-
pendage may be accelerated, especially in the segment 

Table 3. The relationship in terms of duration between primary or second surgery and adjacent segment disease (ASD) during the follow-up 

Variables
No. (%) Fisher’s 

Exact (P)
Cramer’s 

V

U Test

Mean Rank
P

ASD (n=40) Non-ASD (n=141) ASD Non-ASD

Follow-up (Y) 
(min, max, median) 3, 8, 6 2, 8, 5 - - - - 0.334

First Re-OP (Y/N) 19(47.5)/21(52.5) 0/ 141(100) <0.001 0.643

Interval between 
primary OP and first 

Re-OP 
(min, max, median)

0, 6, 0 0, 0, 0 - - 124.4 81.5 <0.001

Second Re-OP (Y/N) 4(10)/0 0/141(100) 0.002 - - - -

Interval between pri-
mary OP and second 

Re-OP (min, max, 
median) 

0, 6, 0 0, 0, 0 98/0 89/0 <0.001

Abbreviations: ASD: adjacent segment disease; Re-OP: reoperation
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above the fusion surface [50, 51]. Therefore, a BMI 
greater than 25 is not only a risk factor associated with 
normal spinal degeneration in healthy individuals, but 
can also play a crucial role in the development of ASD. 
Accordingly, preoperative and postoperative weight 
control can reduce the incidence of ASD and improve 
treatment outcomes and patient satisfaction [52]. In 
the study conducted by Bagheri et al. [53], no relation-
ship was found between smoking and the incidence of 
ASD. In a meta-analysis by Wang et al. [47], the history 
of smoking was evaluated in the groups with and with-
out ASD. History of smoking was found to have a sig-
nificant relationship with the incidence of ASD. In the 
present study, out of 40 patients with ASD, 11(27.5%) 

had a previous history of smoking and 29(72.5%) had no 
history. Similarly, in the group without ASD, 25 patients 
(17.7%) had a smoking history and 116 patients (82.3%) 
had no history. No significant relationship was observed 
between ASD and history of smoking (P=0.172). In the 
study conducted by Okuda et al. [45], a significant re-
lationship was found between the length of fusion and 
the incidence of ASD. In addition, in the study conduct-
ed by Bagheri et al. [53], a significant relationship was 
observed between the incidence of ASD and having a 
fusion level above four. Wang et al. [54] found no signifi-
cant relationship between the incidence of ASD and the 
fusion level. In our study, the minimum fusion level was 
one in both groups, the maximum level was four in the 

Haddadi K, et al. Adjacent Segment Disease Following Posterior Lumbar Decompression and Fusion. Iran J Neurosurg. 2023; 9:E10

Figure 2. The Important outcome variables based on radiological examination: Comparison analysis in adjacent segment disease (ASD)and 
non-adjacent segment disease (non-ASD).

The graphs show a significant relationship between laminectomy at high fusion level, terminations in L1 vertebra, cross-linking tools and 
ASD (P<0.05).
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group with ASD and five in the non-ASD group, and the 
median was two in both groups. No significant relation-
ship was found between ASD and fusion level (P=0.110). 
In our study, the highest surgical indication in patients 
with ASD was stenosis (45%), while in the non-ASD 
group, spondylolisthesis and the possibility of instability 
(24.1%) were the surgical indications. A significant re-
lationship was also found between surgical indications 
and ASD (P=0.002). Patients with lumbar spinal canal 
stenosis were more likely to develop ASD, and accord-
ing to Cramer’s V value, which was 0.311, this relation-
ship was strong. In the study conducted by Wang et al. 
[47] on patients with disc herniation, canal stenosis, and 
spondylolisthesis, no significant relationship existed be-
tween surgical indication and the incidence of ASD. The 
maximum follow-up period of patients from the time of 
initial surgery and their current resource was 6 years (at 
least 3 years and 6 years in the group of patients with 
ASD). No significant relationship was observed in terms 
of follow-up time between primary surgery and second 
operation and the presence or absence of ASD during 
the follow-up of the patients (P=0.334). In the group 
with ASD, 47.5% of the patients had a history of one 
reoperation. A total of 52.5% of the patients had no his-
tory of reoperation. In the non-ASD group, none of the 
patients had a history of reoperation. A significant rela-
tionship also existed between the history of reoperation 
and ASD. Given Cramer’s V value of 0.643, this correla-
tion was found to be strong. 

Although, only 10% of these patients had two reopera-
tions, a significant relationship was observed between 
the history of two reoperations and ASD. Furthermore, 
the time interval between primary surgery and the first 
reoperation was significantly related to ASD (P<0.05). 

The time interval between the first surgery and the 
second reoperation was also significantly related to ASD 
(P<0.05). Masevnin et al. [46] showed no significant re-
lationship between the follow-up time of the patients 
and the incidence of ASD. This finding is also true for the 
study by Bagheri et al. [53].

In the present study, a significant relationship was ob-
served between laminectomy at a high fusion level and 
ASD. Given Cramer’s V value of 0.346, this correlation 
was deemed relatively strong. A significant relationship 
was found between cross-linking tools and ASD. Given 
Cramer’s V value obtained, i.e. 0.351, this correlation 
was also deemed strong. The imaging findings of the pa-
tients, obtained by plain X-ray, MRI, and CT scan, includ-
ed herniated disc, lumbar spinal canal stenosis, kypho-
sis, radial fracture, and spondylolisthesis. Most findings 

belonged to the group of patients with ASD spinal canal 
stenosis (50%). In the non-ASD group, 133 patients had 
no findings in the imaging studies. A significant relation-
ship also existed between the imaging findings and ASD 
(P<0.05). Patients with lumbar spinal canal stenosis are 
more likely to develop ASD. 

Considering Cramer’s V value obtained, i.e. 0.964, this 
correlation was deemed strong. In the present study, a 
significant relationship was observed between the ter-
minations of fusion to the L1 vertebra and ASD. Given 
Cramer’s V value of 0.148, this correlation was found to 
be poor. Meanwhile, no significant relationship was ob-
served between fusion terminations to L5 or S1 verte-
brae. In the study by Masevnin et al. [46], where fusion 
levels included L2-L3, L3-L4, and L4-L5, no significant re-
lationship existed between ASD and fusion levels. Also, 
in the study by Wang et al. [47], in which fusion levels 
included L4-L5, L5-S1, and L4-S1, no significant relation-
ship was found with ASD. In the meta-analysis by Wang 
et al. [54], no significant relationship was observed be-
tween fusion termination to S1 and ASD. 

5. Conclusion

The present research identified a significant correla-
tion between the incidence of ASD and the following 
risk factors; BMI, older age, lumbar spinal canal steno-
sis, reoperation, high fusion laminectomy, crosslinking, 
lumbar imaging stenosis, and end of fusion to L1 verte-
brae. Spine surgeons need to be aware of these possible 
risk factors in all related procedures, including pedicle 
screw insertion to decompression procedures.

Unfortunately, one of the limitations of the present 
study was the failure to measure spinopelvic parame-
ters in the patients’ graphs and examine its relationship 
with the incidence of ASD.
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