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a B s T r a c T
BacKgrounD: lumbar fusion is an important technique for the treatment of degenerative pathologies. adjacent segment degeneration is a 
known complication after lumbar fusion that causes significant morbidity. Our objective was to evaluate the demographics, risk factors, type 
of surgery, and surgical complications in patients who underwent reoperation through a posterior route due to adjacent segment degeneration.
MeTHoDs: We performed a retrospective analysis of all patients who underwent instrumented posterolateral fusion in the lumbar spine for the 
treatment of degenerative diseases from January 2000 to December 2015 at a single institution. Patients who developed symptomatic adjacent 
segment degeneration requiring a second surgery were noted and compared with patients who did not develop adjacent segment degeneration.
RESULTS: A total of 750 patients with degenerative pathologies who underwent fusion with instrumentation were identified. Forty-five patients 
(6%) required a second surgery for symptomatic adjacent segment degeneration. The average onset of adjacent segment degeneration symptoms 
after fusion was 5.89 years. adjacent segment degeneration occurred above the level of fusion in 40 cases and below in 5 cases. The risk factor 
identified in our series was L5-S1 fusion. The main complication seen after the second surgery was infection in 5 cases (11%).
CONCLUSIONS: This study identifies the L5-S1 fusion as a possible risk factor for adjacent segment degeneration. Reoperation through a 
posterior route is a therapeutic option but is associated with considerable morbidity. further studies are necessary to elucidate this pathology and 
the best options for its management.
(Cite this article as: Dantas fl, Dantas f, caires ac, cariri ga, fonseca filho ga, Botelho rV. adjacent segment degeneration after posterolateral 
lumbar fusion: results and complications of posterior revision surgery. J neurosurg sci 2023;67:446-53. Doi: 10.23736/s0390-5616.21.05315-7)
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lumbar fusion is an important technique for the treat-
ment of degenerative pathologies and has been used 

widely and with great success. Between 1996 and 2001, 
there was an increase of 113% in the number of arthrodesis 
performed in the usa.1, 2 although arthrodesis has good 
clinical results, adjacent segment degeneration (asD) is a 
critical complication and its incidence has also concomi-
tant risen over the last years.2-6 in recent times, two entities 
have been reported more frequently: radiological degen-
eration and symptomatic degeneration.2, 5-7 in a recent sys-
tematic review on the topic, Donnally et al. use the defini-
tion of these two concepts: adjacent segment degeneration 
(asDeg), which refers to “new radiographic changes at 

levels adjacent to a fusion construct,” and clinical adjacent 
segment disease (asDis), which refers to “new clinical 
symptoms from the progressing adjacent segment pathol-
ogy.”7 a variable prevalence of asD has been reported in 
the literature, ranging from less than 10 to 100%.8, 9 The 
incidence increases over a period after lumbar fusion, 
increasing from 16.5% in 5 years to 36.1% in 10 years 
postoperatively.4 studies have reported variable rates of 
reoperation, ranging from 4% to 18.5%.10-14 Zhang et al. 
found a 5.9% rate of asDeg and a 1.8% rate of surgical 
revision for asDis per year.2 There is no consensus about 
the best therapeutic options for asD. Minimally invasive 
techniques15, 16 or posterolateral route17-19 have been advo-
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tween the group of patients who developed symptomatic 
asD and were reoperated (asD group) and the group who 
did not develop symptomatic asD (non-asD group).

Statistical analysis

The numerical variables are described as mean, standard 
deviation, and range. The mean ages between the groups 
were compared using a two-tailed test. Patients were com-
pared regarding age, sex, fused levels, the average number 
of fused levels, short vs. long constructs, fusion to s1, and 
concomitant fusion with Plif. sex distributions were de-
scribed in proportion and compared using the chi-square 
test. The number of asD in each fused level, short vs. long 
constructs, fusion to s1, the average number of fused lev-
els, and fusion with or without Plif were compared using 
the Chi-square test. The level of significance determined 
for the study was P≤0.05. The software used for analysis 
was the online calculator social science statistics.23

Data availability

The data associated with the paper are not publicly avail-
able but are available from the corresponding author on 
reasonable request.

Results

a total of 750 patients with degenerative pathologies of 
the lumbar and lumbo-sacral spine who underwent instru-
mented PLF were identified. The patients were divided 
into two groups: those requiring reoperation for asD 
(asD group) and those who did not develop symptomatic 
asD (non-asD group). Patient demographics and surgi-
cal characteristics are summarized in Table i. The dura-
tion of follow-up ranged from 24 to 180 months (average 
9.2 years). Forty-five patients (6%) required a second sur-
gery for symptomatic asD. The average age of the pa-
tients who developed asD was 64.7 years (range 32-86 
years). There was no significant difference between the 
groups regarding age (t=0.85; P=0.39). The male/female 
rate in both groups was 0.80 and there was no significant 
difference between the groups (χ2=2.07; P=0.149). Pre-
vious pathologies in the asD group were lumbar spine 
stenosis (27), spondylolisthesis (11), degenerative disc 
disease (DDD) (4), and scoliosis (3). seventeen of the 
forty-five patients underwent concomitant PLIF. ASD 
was manifested in the form of stenosis in 23 patients, 
spondylolisthesis in 17 patients, and herniated discs in 
5 patients. Degeneration occurred above the level of fu-
sion in 40 cases and below the level of fusion in 5 cases 

cated as gold-standard treatments. endoscopy is used as an 
alternative and with satisfactory results.20-22 in the present 
study, we examined the demographics, risk factors, type 
of surgery, and surgical complications in patients who un-
derwent reoperation through a posterior route due to asD.

Materials and methods

We retrospectively analyzed all patients who underwent 
instrumented posterolateral fusion (Plf) for the treatment 
of degenerative pathologies of the lumbar spine from Jan-
uary 2000 to December 2015 at a single private institu-
tion. all patients were operated on by the senior author 
(flrD). Magnetic resonance imaging of the lumbar spine 
was part of the preoperative assessment of all patients, ex-
cept in cases in which there were any contraindications for 
the examination; in those cases, lumbar spine computed 
tomography or myelotomography was performed. a con-
ventional midline open approach with traditional pedicle 
screw insertion was performed in all cases, and the screw 
trajectory was parallel to the superior endplate of the ver-
tebral body in the sagittal plane. Posterior lumbar inter-
body fusion (Plif) was performed mainly in cases of de-
generative spondylolisthesis. standard clinical follow-up 
consisted of appointments at 1, 6, 12, and 24 months post-
operatively. Plain films were obtained at outpatient follow-
up visits, and lumbar spine magnetic resonance imaging 
or dynamic radiography was performed for patients who 
developed clinical symptoms of asD or signs of instabil-
ity. Pre- and postoperative radiological examinations were 
analyzed by the senior author. after 24 months, annual ap-
pointments with clinical evaluations were proposed for the 
asymptomatic patients. Patients who developed symptom-
atic asD requiring a second surgery were noted. exclu-
sion criteria were previous revision surgery, malignancy, 
infection, first surgery performed at another institution, 
and trauma. The data considered for analysis included age, 
sex, diagnosis of the condition for which the first surgery 
was performed, duration of symptoms before revision sur-
gery, number of levels, and postoperative complications. 
symptomatic asD was considered as the development of 
new clinical symptoms that corresponded to radiographic 
changes adjacent to the level of the previous spinal fusion 
(presented in the form of disc herniation, stenosis, spon-
dylolisthesis, and scoliosis). The criteria for adjacent seg-
ment instability were defined as well-defined spondylolis-
thesis or dynamic instability with slippage of more than 4 
mm, and/or an angle change of more than 10° on flexion 
and extension. We performed a comparative analysis be-
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of the surgeon in each case. There was no randomization 
to determine the technique for each patient. isolated de-
compression with laminectomy at the level of degenera-
tion was performed in five cases, decompression with 
laminectomy at the level of degeneration associated with 
removal of the synthesis material in five cases, decom-
pression with laminectomy at the level of degeneration 
associated with the placement of pedicle screws at that 
level with fusion extension using connectors in 10 cases, 
and decompression at the level of degeneration with re-
placement of the previous synthesis material and fusion 
extension with new additional pedicle screw fixation in 
25 cases (figure 2, 3). The main complication after the 
second surgery in this series was infection in five cases 
(11.1%), four of which also presented with cerebrospinal 
fluid (CSF) leak (8.8%). Two patients (4.4%) who de-
veloped infection died due to wound infection followed 
by septicemia. in addition, deep venous thrombosis of 
the lower limb was seen in 1 case (2.2%), and paresis in 
dorsiflexion of the foot in 1 case, with partial recovery 
(2.2%). in 1 case, we were unable to remove the material 
as the manufacturer of the previous material had exited 
the market and appropriate instruments could not be used. 
The total rate of complications was 15.5% (Table ii). The 
only risk factor with statistical significance for the devel-
opment of symptomatic asD was l5-s1 fusion (P=0.04). 
There was no statistical difference between the groups 
regarding age, sex, and the average number of fused lev-
els. In addition, there was no significant difference in the 
rate of asD regarding long constructs, fusion to s1, and 
concomitant fusion with Plif. sagittal balance measures 
were not evaluated in our study.

Discussion

adjacent segment degeneration (asD) is the most com-
mon long-term complication after lumbar fusion. The 
precise definition of ASD is variable in the literature. 
Some authors defined ASD as a radiological alteration 
that occurs in the adjacent segment after spinal fusion, 
with the presence of clinical symptoms.5 others suggest-
ed that the rate of reoperation should be the criterion for 
defining the pathology of the adjacent segment.24 radio-
logical parameters are also used to confirm the presence 
of degeneration at the adjacent level: complete collapse 
of the disc space with endplate sclerosis, sagittal or coro-
nal translation >3 mm, more than a 5º wedging of the disc 
space on a coronal view, angular instability >10º on dy-
namic X-ray, and significant spinal canal compression on 

(88.9% and 11.1%, respectively). The average period of 
onset of asD symptoms after fusion surgery was 5.89 
years, with a peak at 8 years (figure 1). all 45 patients 
underwent reoperation using a posterior route with open 
surgery and standard midline posterior approach, but dif-
ferent techniques were used depending on the preference 

Table I.—� Demographic and surgical characteristics.
Parameters asD group non-asD group P value
number of patients 45 705
average age (range) 64.7±14.8 years 

(32-86 years)
60.6±14.5 years 

(18-86 years)
0.39

sex (male/female) 20/25 314/391 0.14
fusion level

l2-l4 1 8 0.51
l2-l5 4 44 0.48
l2-s1 4 43 0.45
l3-l5 6 80 0.68
l3-s1 6 90 0.91
l4-l5 7 110 0.99
l4-s1 12 223 0.48
l5-s1 5 31 0.04*
other - 76 -

fusion to s1 27 418 0.92
Long fusion (≥3 levels) 14 234 0.77
average number of fused 
levels

2.13 2.18 0.23

Plif 17 213 0.28
Previous pathology

lumbar spine stenosis 27 404
spondylolisthesis 11 236
scoliosis 3 36
DDD 4 5
other - 24

asD: adjacent segment degeneration; Plif: posterior lumbar interbody fusion; 
DDD: degenerative disc disease.
*Statistically significant.

figure 1.—The period of time after lumbar fusion until the development 
of symptomatic adjacent segment degeneration.
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The rate of prevalence of asDeg, asDis, and reoperation 
rate for rigid systems were 37.5%, 14.4%, and 7.7% re-
spectively. in the dynamic group the rates were 18.6%, 
5.1%, and 1.1%, respectively, which was significantly 
lower compared to that in the fusion group. The limita-
tion of this study was that the average follow-up period 
was only 3.6 years.27 in a systematic review with a total 
of 4,206 patients, Zhang et al. compared asDeg versus 
asDis after fusion in degenerative pathologies. The inci-

magnetic resonance imaging.25 There are several risk 
factors for asD and they differ between the studies. sev-
eral specific aspects of lumbar fusion including instru-
mentation, level, use of cages (interbody), extent of fu-
sion, and number of laminectomy levels have been con-
sidered as risk factors for asD, although none of these 
have been proven to be associated with asD.26 in a meta-
analysis by Pan et al., the authors compared the risk of 
asDeg and asDis between rigid and dynamic systems. 

Figure 2.—A 58-year-old man who previously underwent L5-S1 PLIF developed symptomatic herniated disc at L4-L5 9 years after the first surgery. 
lateral radiography showing previous l5-s1 Plif (a). sagittal (B) and axial (c) T2-weighted magnetic resonance imaging demonstrating herniated 
disc at l4-l5. The patient underwent removal of the previous instrumentation and l4-s1 fusion with new synthesis material. immediate postopera-
tive lateral radiography showing l4-s1 fusion (D).

Figure 3.—A 66-year-old woman previously underwent L4-L5 PLIF for the treatment of degenerative spondylolisthesis: 8 years after the first sur-
gery she developed symptomatic L5-S1 spondylolisthesis. Control lateral radiography after the first surgery showing L4-L5 PLIF (A). T2-weighted 
magnetic resonance imaging of the lumbar spine demonstrating adjacent segment degeneration at l5-s1, with grade i spondylolisthesis. she under-
went fusion extension to s1. immediate postoperative lateral radiography showing l4-s1 fusion (c).

a DB c

a B c
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have been reported, such as age above 60 years, multi-
level fusion, fusion that did not include s1, and laminec-
tomy adjacent to the fusion.31, 32 in our study, the average 
age of patients who developed asD was not statistically 
different from the average age of those who did not de-
velop asD. Much has been discussed about the impor-
tance of sagittal balance and its relationship with asD in 
patients undergoing lumbar fusion. Di Martino et al., in a 
series comprising 22 patients who underwent surgery for 
asD and a control group of 83 patients who did not re-
quire reoperation, concluded that patients with pelvic tilt 
>21º and sacral slope <39º preoperatively, were at higher 
risk for symptomatic degeneration.33 Rothenfluh et al. 
demonstrated that patients with a mismatch (pelvic inci-
dence–lumbar lordosis) <10° had a surgical revision rate 
of 25.5% as compared with 78.3% in patients with a mis-
match of ≥10°, demonstrating that those with a high pel-
vic incidence and diminished lumbar lordosis were pre-
disposed to develop asD.34 other authors believe that 
maintaining or restoring the lordosis of the lumbar spine 
does not prevent the development of asD.35, 36 it is criti-
cal to emphasize the importance of the l4-s1 segment in 
maintaining lumbar lordosis. fusion of these levels can 
predispose patients to adjacent degeneration.35, 37, 38 
However, there are still controversies in the literature re-
garding the levels included in the instrumentation and the 
rates of postoperative asD. some authors have shown 
higher rates of asD after fusion ending at l5.31, 39 other 
authors have found no difference between stopping fu-
sion at l5 or s1.25, 35, 40 in our series, we found a higher 
rate of degeneration after the l5-s1 fusion. There are 
controversies in the literature as to whether the l4-l5 
fixation would increase the rate degeneration in L5-S1. 
Miyakoshi et al.9 reported no asD, whereas ghiselli et 
al., and Park et al. reported asD at l5-s1 after l4-l5 
fusion in 7.2% and 10.7% of the patients, respectively.4, 30 
Multiple risk factors related to asDeg and asDis were 
reported in a recent systematic review, such as age, ge-
netic factors, high body mass index, pre-existing adja-
cent segmental degeneration, laminectomy at the adja-
cent level of fusion, excessive distraction of the fusion 
level, inadequate lumbar lordosis, multilevel fixation, 
floating fusion, coronal wedging of L5-S1 disc, pelvic 
tilt, and osteoporosis. The authors suggested some strate-
gies to avoid adjacent segment complications in the lum-
bar spine, including minimal disc space distraction for 
cages, and preservation of adjacent posterior elements.39 
in a recent meta-analysis, Wang et al. analyzed 19 retro-
spective studies with a total of 2,896 patients. The rate of 

dence of asDeg was 5.9% per year versus 1.8% of as-
Dis. in this study, the fusion length was the most impor-
tant factor associated with development of asD.2 re-
garding the number of fused levels, gillet found a 32% 
rate of degeneration with a single-level fusion and 66% 
with three- or four-level fusion.28 abraham et al., in a 
series of 217 patients who underwent fusion of three or 
more levels, found the rate of asD that required reopera-
tion to be 9%.17 in our series, fusion extension was not 
considered a risk factor for the development of asD. it is 
not clear whether the use of 360º fusion, which seems to 
improve the rate of fusion, is a protective or risk factor 
for asD. Plf associated with Plif was related to long-
term increase in the incidence of asDis to 9.6% and 
24.6% in 5 and 10 years, respectively.29 in our series 
there was no significant difference between the groups in 
terms of the development of asD regarding concomitant 
fusion with Plif. anandjiwala et al., in a study with 68 
patients with 5 years of follow-up, reported that the most 
important risk factor is the presence of a degenerated disc 
adjacent to the fusion. Data such as age, sex, sagittal bal-
ance, and length of fusion had no influence according to 
their study.25 other authors also draw attention to the fact 
that the presence of a pre-existing degenerated disc adja-
cent to the fusion has a higher chance of progression 
compared to normal discs.2, 30 other risk factors for asD 

Table II.—� Characteristics of ASD group.
Parameters number %
number of patients 45
asD manifestation

stenosis 23 51.1
spondylolisthesis 17 37.7
Herniated disc 5 11.1

Degeneration level
above fusion 40 88.9
Below fusion 5 11.1

Type of surgery for reoperation
isolated laminectomy 5 11.1
laminectomy with removal of the synthesis 

material
5 11.1

laminectomy with fusion extension 10 22.2
laminectomy with fusion extension and 

replacement of the synthesis material
25 55.5

complication after reoperation
infection 5 11.1
csf leak 4 8.8
Death 2 4.4
Deep venous thrombosis 1 2.2
Paresis in dorsiflexion 1 2.2

ASD: adjacent segment degeneration; CSF: cerebrospinal fluid.
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tion, subsidence, motor and sensory deficits, and radicu-
lopathy.46 aichmair et al. using lateral lumbar interbody 
fusion (llif) with cage stand-alone in 52 cases for the 
treatment of asD, reported an improvement in pain, in-
crease in segmental lordosis, decrease in segmental coro-
nal angulation, and restoration of disc height. However, 
this study showed a high rate of reoperation (21.2%) with 
the need to complement the fixation posteriorly. The group 
with cage stand-alone presented a lower fusion rate of 
53.8% compared to 87.5% in the circumferential fusion 
group. The authors concluded that llif might be an ef-
fective option for asD, although it is associated with a 
narrower spectrum of adverse effects than circumferential 
fusion, and posterior instrumentation might be necessary 
to increase segmental stability.16 recently, a retrospective 
study comparing stand-alone llif (23 patients) versus 
open laminectomy and Plf (24 patients) reported that the 
llif group had lower intraoperative morbidity and short-
er hospital stay. However, both techniques showed good 
outcomes in terms of restoring sagittal balance and good 
clinical results.47 

Limitations of the study

our study has some limitations: it is retrospective in de-
sign, descriptive, and was carried out at a single institu-
tion. in addition, the study did not include an analysis of 
the sagittal balance, as it was an older series. Despite these 
limitations, it is a study with many patients and prolonged 
average follow-up, operated on by a single surgeon using 
the same surgical technique (posterior route) in all cases.

Conclusions

in conclusion, the development of asD after lumbar fu-
sion in degenerative pathologies is probably multifactorial 
in origin. Our study identified the fusion of L5-S1 as a pos-
sible risk factor for the development of asD. in this series, 
we had a considerable number of complications after sur-
gical revision by a posterior route. The best surgical option 
to correct asD remains debatable. Prospective studies are 
necessary to better understand asD and to minimize its 
occurrence.
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