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Abstract
Aim: The majority of studies about adjacent segment disease (ASD) in the literature concern adult patients who were operated on 
because of degenerative process-related diseases, such as lumbar instability or lumbar stenosis.
Material and Methods: We retrospectively reviewed cases of AIS surgically treated in our institution between 2012 and 2015. Patients 
with an increase in the amount of disc degeneration at adjacent segment (AS) (the ASD group) were compared with those with no 
increase in degeneration at AS (the non-ASD group).
Results:ASD was observed postoperatively in 24 patients (57.1%), and 18 patients (42.9%) had no increase in disc degeneration 
at the latest follow-up.The mean follow-up was 13 to 34 months, with an average of 22±7.1 months and the lowest instrumented 
vertebra for 10 of the patients was L2, and the other 32 patients had L3. The rate of ASD in patients with fusion at T4-L3 was 
significantly higher than for the other instrumentation levels (p < 0.05). All 24 patients in the ASD group had L3 as the lowest 
instrumented vertebra (LIV) (p < 0.05).
Conclusion: We believe that ASD is present even in short-term follow-up in patients who undergo long-segment fusion at a young age 
due to AIS and leaving as many mobile segments as possible will protect from ASD.
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INTRODUCTION
Adolescent idiopathic scoliosis (AIS) is the most common 
type which accounts for approximately 80% of patients 
with scoliosis and AIS is mostly treated with posterior 
instrumentation and fusion if the surgery is indicated (1-
3).However, there are concerns about long-term outcomes 
after spinal fusion, especially in young patients(4).

The segment immediately beneath the distal end of the 
fusion is called the distal adjacent segment (distal AS),and 
the segment immediately above the proximal end of the 
fusion is called the proximal AS.Increased mechanical 
stress and segmental motion in the AS after spinal 

fusion have been documentedin the literature(5). As a 
result, pathological findings, such as facet joint arthrosis, 
segmental instability, spinal stenosis, spondylolysis, 
and especially acceleration of disc degeneration,have 
been found in the AS(6).This is called adjacent segment 
pathology (ASP). If symptoms such as radiculopathy, 
neurogenic claudication, or back pain are present, the 
condition is called clinical adjacent segment pathology 
(CASP). Radiographical adjacent segment pathology 
(RASP) refers to the condition of asymptomatic patients 
with radiographical findings.However, in many studies 
in the literature, ASP is referred to as adjacent segment 
disease (ASD), regardless of whether it is symptomatic. 
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The term ASD is also used for patients with increased disc 
degenerationthat has been evaluated radiologically after 
surgery.

The majority of studies of ASD in the literature concern 
adult patients who were operated on because of 
degenerative process-related diseases, such as lumbar 
instability or lumbar stenosis. In the present study, 
we aim to evaluate ASD after long-segment posterior 
instrumentation and fusion in adolescent patients. To our 
knowledge, this is the first study to evaluate the AS after 
long-segment posterior fusion with an all-pedicle screw 
construct for AIS by comparing the latest follow-up MRI 
scans with the preoperative ones.

MATERIAL and METHODS
After the approval of the local ethic committee, we 
retrospectively reviewed all the AIS cases surgically 
treated in our institution from 2012 to 2015.Patients who 
underwent revision surgery, had a follow-up less than 
one year, did not have full follow-up radiographs,or did 
not agree to perform amagnetic resonance imaging (MRI) 
scan at the latest follow-up were not included in the study.

We have received informed consent from patients and then 
they were evaluated with full standing anterior-posterior 
and lateral radiographs and lumbar MRI at the latest 
follow-up. The segment below the lowest instrumented 
vertebra was considered as an adjacent segment(AS). 
The ASs were evaluated and classified by a radiologist 
in terms of disc degeneration according to the Pfirrmann 
classification(7)(Table 1). Coronal Cobb and lumbar 
lordosis angles were evaluated in the radiographs before 
surgery and at the latest follow-up.Patients with an increase 
in the amount of disc degeneration in postoperative MRI 
scans(whencompared to the preoperative scan), which is 
called the ASD group, were compared with those with no 
increase in degeneration at AS, which is called the non-
ASD group, in terms of demographic properties,fusion 
level,fusion length,selection of lowest instrumented 
vertebra (LIV), short form 36(SF-36) score, body mass 
index (BMI), and duration of follow-up.

The same senior author performed posterior 
instrumentation and fusion using the same technique 
for all patients.The motor-evoked potential (MEP) and 
somatosensory-evoked potential (SSEP) values of the 
patients were monitored during surgery.The pedicle 
screws were placed bilaterally to each level with a free-
hand technique under fluoroscopic guidance. The 
deformity was corrected using the direct rod derotation 
technique. The laminar and transverse protrusions were 
decorticated, and bone allografts and autografts,obtained 
during screw placement, were used for fusion.

Statistical Analysis
For statistical analysis, the Number Cruncher Statistical 
System (NCSS) 2007 and PASS (Power Analysis and 
Sample Size) 2008 Statistical Software (Utah, USA) 
programswere used. The Mann–Whitney U test was used to 
compare the descriptive statisticalmeasurements (mean, 

standard deviation, median, frequency, ratio, minimum, 
and maximum) and the two groups of parameters that did 
not show a normal distribution in the comparison of the 
quantitative data. Fisher’s exact test and Fisher-Freeman-
Halton’stest were used for the comparison of qualitative 
data. Significance was evaluated at p < 0.05.

RESULTS

A total of 42 patients were included in this study,30(71.4%) 
female and 12(28.6%) male. The mean age ranged from 10 
to 20, with an average of 16.1 ± 2.56. The mean follow-up 
was 13 to 34 months, with an average of 22 ± 7.1 months. 
The fusion level was T3-L3 for 20 of the patients (47.6%), 
T4-L3 for 10 patients (23.8 %), T3-L2 for 8 patients (19 %), 
T2-L2 for 2 patients (4.8 %), and T2-L3 for 2 patients (4.8 
%). The fusion length of 16 of the patients (38.1%) was 
12 segments,for 22 patients (52.4%) it was 13 segments, 
and for 4 patients (9.5%) it was 14 segments.Thelowest 
instrumented vertebrafor 10 of the patients was L2, andthe 
other 32 patients had L3. The mean BMI of the patients 
ranged from 14.31 to 22.15, with an average of 18.44±2.01 
kg/m2. Mean values for SF-36-P(Physical) and SF-36-M 
(Mental) were 54.10±3.52 and 43.76±4.21, respectively.

ASD was observed postoperatively in 24 patients (the ASD 
group, 57.1%), and 18 patients (the non-ASD group, 42.9%) 
had no increase in disc degeneration at the latest follow-
up (Table 2). Disc degeneration increased from grade 1 
to grade 2 in all patients in the ASD group. None of the 
patients with grade 2 disc degeneration in the preoperative 
MRIhad an increase in disc degeneration. There was no 
significant difference between the two groups in terms 
of age, gender distribution, BMI, follow-up period, fusion 
length,or SF-36 scores. However, the difference between 
the numbers of the patients with fusion levelat T4-L3 
was significantly higher in ASD group when compared 
to non-ASD group,and all 24 patients in the ASD group 
had L3 as LIV (p<0.05). None of the patients who had L2 
as LIV had ASD (Table 2). Thecoronal Cobb and lumbar 
lordosis angles indicated that the lumbar lordosis angle 
was reduced by 11.00 ±7.68 in the non-ASD group. There 
was an average decrease of 5.83±12.14° in the ASD 
group at the latest follow-up compared to preoperative 
radiographs. However, these differences between the two 
groups were not statistically significant (p>0.05). Coronal 
Cobb angle decreased by an average of 29.00±5.36 in 
the ASD group and 29.89±12.85°inthe non-ASD group.
These differences between the two groups were also not 
statistically significant (p>0.05).

DISCUSSION 
In this study we reported that degenerative changes were 
present in the AS even in the early period for patients with 
thoracolumbar instrumentation and fusion for AIS. We 
also reported that having fewer moving segments is a risk 
factor for developing ASD. On the other hand, we did not 
find statistically significant differences between the two 
groups in terms of age, gender, length of fusion, SF-36 
scoresor BMI values. This is to be expected, because all 
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the patients were in the adolescent age group, with similar 
BMI and similar fusion length.

The long-term consequences of spinal fusions are of great 
concern,especially in young patients. It has been shown 
that there is increased mechanical stress and segmental 
motion in the AS after spinal fusion. We report that 57.1% 
of the patients in this study had ASD after long-segment 
fusion for AIS in the short-term follow-up. However, most 
of the studies in the literatureon ASDfocus on degenerative 
lumbar diseases, and the incidence of development of 
ASD is very variable(8). Penta et al. examined MRI scans 
of patients after ten years follow-up who had undergone 
lumbar fusion for discogenic back pain.They found that 
32% of 81 patients had ASD(9).Etebar and Cahill reported 
the incidence of ASD as 14% at follow-up after 4.5 years 
in a group of 125 patients who had been operated on for 
the treatment of degenerative lumbar instability (10).It is 

obvious that there are great differences in the incidence of 
ASDin the literature. This can be attributed tothe absence of 
clinical and radiological distinctionin the definition of ASD.
Harrop et al. reviewed 27 studies on ASD. They found that 
the incidence ranged from 8% to 100% for studies in which 
radiological changes were defined as ASD but from 0% to 
27% for studies in which clinical findings were required to 
confirm ASD.Thus, radiological changes in the adjacent 
segment are more common, although most patients with 
radiological changes are clinically asymptomatic (11).In 
this study, we also report similar quality of life scores (SF-
36) between two groups(p>0.05).

It is debatable whether the literature shows preoperative 
disc degeneration to be a risk factor for ASD. In our study, 
all patients in the ASD group had normal disc appearance 
in preoperative MRI scans.Edwards et al. examined 34 
patients who had undergone spinal fusion from the thoracic 

Table 1. Pfirrmann classification of disc degeneration

Grade Structure Distinction of Nucleus and Anulus Disc Height Signal Intensity

I Homogeneous, bright white Clear Normal Hyperintense

II Inhomogeneous with or without horizontal bands Clear Normal Hyperintense

III Inhomogeneous. gray Unclear Normal to slightly decreased Intermediate

IV Lost Normal to moderately  decreased Intermediate to hypointense
V Lost Collapsed disc space Hypoitense

Table 2. Comparison of two groups

Non-ASD group   (n=18) ASD  group (n=24)

Age
Mean±SD 15.00±2.64 16.92±2.27

Min-Max (Median) 10-19 (15) 14-20 (16)

Sex n(%)
Male 3 (50.0) 3 (50.0)

Female 6 (40.0) 9 (60.0)

BMI (kg/m2)
Mean±SD 18.25±2.49 18.58±1.66

Min-Max (Median) 14.37-22.15 (17.9) 15.54-22.08 (18.7)

Follow -up (day)
Mean±SD 638.55±190.41 725.25±230.97

Min-Max (Median) 407-911 (549) 454-1044 (700)

SF-36 -P
Mean±SD 54.56±3.12 53.75±3.88

Min-Max (Median) 51-60 (55) 48-60 (53)

SF-M-36 Mean±SD 44.22±5.06 43.42±3.65
Min-Max (Median) 35-49 (47) 39-49 (42.5)

Fusion level n (%)

T2-L2 2 (100.0) 0 (0.0)
T2-L3 0 (0.0) 2 (100.0)
T3-L2 8(100.0) 0 (0.0)
T3-L3 6 (30.0) 14 (70.0)
T4-L3 2 (20.0) 8 (80.0)

Fusion length n(%)
Twelve 8 (50.0) 8 (50.0)

Thirteen 8 (36.4) 14 (63.6)
Fourteen 2 (50.0) 2(50.0)

LIV
L2 10 (100.0) 0 (0.0)
L3 8 (25.0) 24 (75.0)

SD: Standard deviation        n :NumberMin:MinimumMax:Maximum
LIV: Lower instrumented vertebra 
SF-36 P:Short Form physical component     SF-36 M : Short Form mental component      
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region to L5 and found that 61% showed degeneration 
of the L5-S1 disc after 5.6 years of follow-up. They 
reported that the presence of minimal disc degeneration 
in the preoperative period was a risk factor for ASD (12).
However, in a study of 215 patients who underwent lumbar 
fusion, Ghiselli et al. reported that the presence of disc 
degeneration before fusion was not a risk factor for the 
development of ASD(13).We also report that, compared 
to the Pfirrmann classification in preoperative MR scans, 
there were no changes in postoperative MR scans in any 
of the 16 patients with grade 2 degeneration. This leads 
us to believe that preoperative disc degeneration is not a 
risk factor for ASD in the shortterm for AIS patients treated 
with long-segment fusion.

Another issue addressed as a risk factor for the 
development of ASD is the length of the fusion level. Penta 
et al. reported that the length of the fusion level had no 
effect on the development of ASD (9).On the other hand, Jun 
Young Yang et al. evaluated 217 cases to define the effect 
of fusion length on developing ASD. Of these patients, 112 
had single-level fusion, 62 had two-level fusion,and 43had 
fusion of three or morelevels. As a result, the incidence of 
ASD was found to be 11.6% in single fusion, 14.5% in two-
level fusion, and 16.3% in fusion of threelevels or more. This 
shows that there is a relationship between the length of the 
fusion level and the risk of developing ASD(14). However, 
Ghiselliet al. found that patients who needed revision due 
to ASD after lumbar fusion reported three times more 
ASDif theyhad single-level fusion than if they hadmultiple-
level fusion. They explained this result by claiming that, 
as the level of fusion increases, the amount of moving 
discs decreases. As a result, the possibility of developing 
ASD increases with fewer moving discs (13). In our study, 
there was no statistically significant difference in the 
development of ASD among the three groups of patients 
who had 12, 13, and 14-level fusion length. However, the 
incidence of ASD was significantly higher in patients with 
fusion level T4-L3 (p < 0.05). However, while the fusion 
level of 10 of the patients was terminated at L2, 32 of them 
were terminated at L3, and all 24 patients in the ASD group 
had a fusion level terminated at L3 (Table 2).This suggests 
that there is a decreased risk of ASD in cases withmore 
mobile segments.

In a cadaveric study, Akamaru et al. reported that lumbar 
hyperlordosis and hypolordosisled to increased flexion 
and extension movements in the lumbar discs, thereby 
increasing the risk of ASD (15). In our study in the non-
ASD group, the average was 41.44°, with a decrease of 11° 
compared to the preoperative angle. In the ASD group, the 
average was 40°, with a decrease of5°. As a result, there 
was no statistically significant difference between average 
lumbar lordosis angles after the operation in either group(p 
> 0.05).On the other hand,when the coronal Cobb angles 
of the patients were examined, it was observed that there 
was no statistically significant difference between the 
Cobb angle decline values in the two groups (p > 0.05). 
We therefore believe that the amount of correction in the 
coronal plane and the changes in the lumbar lordosis 

angles do not affect the development of ASD in early-term 
follow-up after AIS surgery.

Only a limited number of studies have evaluated AS 
following scoliosis surgery in adolescents, and they have 
some limitations. Kelly et el. reviewed 18 patients who were 
treated with thoracolumbar instrumentation and fusion for 
AIS. They evaluated distal AS, but lumbar MRI results were 
available for only 6of the patients. They reported that loss 
of signal intensity was present in AS for all 6 patients(16). 
Furthermore,the patients were operated on using the 
anterior approach, which is currently not often used for 
AIS patients because of the higher risk of complications 
and morbidity compared to the posterior approach. Green 
et al. reviewed 20 patients with posterior instrumentation 
and fusion for AIS, but different instrumentation methods 
were used: 10 of the patients were treated with hooks, 
apical wires, and pedicle screws,9 were treated with all-
hook constructs, and 1 patient was treated with hooks 
and apical wires.They reported that only 1 patient of the 
20 demonstrated significant degenerative disc disease 
at the junctional level(17). Danielssonn et al. evaluated 
32 patients who had undergone spinal fusion for AIS and 
reported significantly more degenerative disc changes in 
the AS. However, all patients were treated with Harrington 
rods, which are not used today(18). Enercan et al. evaluated 
21 patients treated with selective fusion for AIS. They 
suggested that there was a significant difference between 
the two groups for disc degeneration in AS and below, 
except at the L4-L5 level. However, since no preoperative 
MRI scans were available, they compared the patients with 
the normal population(19). Enercan et al. also evaluated 37 
AIS patients who were treated with posterior fusion using 
an all-pedicle screw construct. They divided the patients 
into two groups, one group with LIV at L3 and the other 
with LIV at L4. After follow-up at a minimum of 5 years, 
they reported similar disc degeneration rates in both 
groups, but again they compared the patients with the 
normal population(20).

The present study also has a number of limitations, in 
particular the retrospective design and the relatively small 
number of patients included in the cohort. Although the 
length of thefollow-up period might appear to be a limitation, 
it is important to showthat degenerative changescan be 
found even in a short-term follow-up period.

CONCLUSION
In conclusion, we believe that ASDis present even in 
short-term follow-up in patients who have undergone 
long-segment fusion at a young age due to AIS. Leaving 
as many mobile segments as possible will protect from 
ASD. However, there is a need for longer follow-up studies 
to investigate the clinical consequences of early-onset 
radiological findings in the years that follow.
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