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ABSTRACT 
Background: Adjacent segment disease (ASD) is symptomatic deterioration of spinal levels 
adjacent to the site of a previous fusion. Identification and quantification of risk factors for 
symptomatic adjacent segment degeneration requiring surgery in patients after posterior 
lumbar fusion are of paramount importance to the patient and the clinician. Present study 
was aimed to assess symptomology and risk factors for adjacent segment disease (ASD) after 
lumbar fusion. Material and Methods: Present study was single-center, prospective, 
observational study, conducted patients age 25-60 years, underwent spinal fusion procedure, 
who have not undergone previous lumbar disc or fusion procedure. Results: In present study 
of 30 patients, 40% were female patients while 60% were male patients. Minimally invasive 
technique was used in 33.3% cases, while open surgery was used in 66.7% cases. Disc 
herniation was seen in 54% cases, while lumber spondylolisthesis was seen in 26% cases, and 
lumber stenosis was seen in 20% cases, disc herniation associated with spondylolisthesis, 
which constituted 26% of cases. Motor weakness was present in 63% cases. Preoperative ADD 
on MRI was seen in 74% cases. Mostly segment L5 S1 segment was involved in surgery (54%) 
followed by segment L4-L5. Most common risk factor was disc degeneration seen in 40% cases 
followed by rotational deformity (20%), listhesis (17%) cases. 12 cases had disc degeneration 
as risk factor and had post operative adjacent disc degeneration on MRI . Significant 
association was found. 16 cases had disc herniation and had diagnosis of post operative 
adjacent disc degeneration on MRI. Significant association was found between preoperative 
ADD on MRI and diagnosis and post operative ASD noted. Conclusion: A relatively low 
incidence of ASD after single level of lumbar or lumbosacral fusion requires surgery, patients 
with ASD had relatively severe symptoms and frequent neurological abnormalities.  
Keywords: Degenerative lumbar disease, Lumbar Spondylolisthesis, Adjacent segment 
disease, lumbar fusion 
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INTRODUCTION  

Adjacent segment disease (ASD) is symptomatic deterioration of spinal levels adjacent 
to the site of a previous fusion. A critical issue related to ASD is whether deterioration of 
spinal segments adjacent to a fusion is due to the spinal intervention or due to the natural 
history of spinal degenerative disease. The main pathological changes of the adjacent 
segments include disc degeneration, segmental instability, hypertrophic facet arthritis, spinal 
stenosis, osteophyte formation, scoliosis, and vertebral compression fracture.1 

The number of risk factors for adjacent segment disease (ASD) development is 
constantly increasing and can be separated into two basic categories according the classical 
studies: patient factors, which usually do not depend on the surgeon, and surgical factors, 
which can directly be modified by the surgeon during the operation.2,3,4 

Resolving this debate has proven exceedingly difficult due to the challenges of 
studying LIF in the clinical setting. In addition, the current literature on adjacent segment 
pathology suffers from the absence of a universally accepted radiographic modality for 
diagnosis of ASDeg or validated outcome instrument for diagnosis of ASDz.5,6 Identification 
and quantification of risk factors for symptomatic adjacent segment degeneration requiring 
surgery in patients after posterior lumbar fusion are of paramount importance to the patient 
and the clinician. Present study was aimed to assess symptomology and risk factors for 
adjacent segment disease (ASD) after lumbar fusion. 
 
MATERIAL AND METHODS  
Present study was single-center, prospective, observational study, conducted in department 
of general surgery at, M.S. Ramaiah medical college, Bangalore, India. Study duration was of 
2 years (July 2017 to June 2019). Study was approved by institutional ethical committee.  
Inclusion criteria 

 Patients age 25-60 years, underwent spinal fusion procedure, who have not 
undergone previous lumbar disc or fusion procedure, willing to participate in present 
study 

Exclusion criteria 

 Patients with history of previous lumbar disc surgery 

 Patients showing gross spondylotic changes in adjacent vertebrae or those with gross 
generalized spondylitis changes preoperatively. 

 Patients with disc damage due to trauma/ trauma related changes 

 Cases with incidental disease of adjacent vertebrae such as hemangioma, infection or 
inflammation of discs, metabolic disease, malignancy, Paget’s Disease, etc 

Study was explained to participants in local language & written informed consent was 
taken. Detailed clinical history, symptomatology, medical/surgical history was noted in case 
proforma along with general/systemic & local examination. All patients undergone 
preoperative evaluation with radiographs and magnetic resonance imaging (MRI) of lumbo-
sacral spine. Patients undergoing transforaminal lumbar interbody fusion - minimally invasive 
or open were included in the study. 

Clinical Criteria used were Radiculopathy and Myelopathy/ Muscle Power Grading/ 
Neurological deficits/ Degree of movement possible/ Degree of movement reduction & SLRT. 
Radiological Criteria used were X-ray lumbar Spine Lateral View (with both flexion and 
extension) and Neutral view to look for disc space, lumbar lordosis and mobility, will be done 
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pre and post operatively.(3 months) & MRI lumbar Spine preoperatively and post operatively 
(6 months). 

Data was collected and compiled using Microsoft Excel, analysed using SPSS 23.0 version. 
Frequency, percentage, means and standard deviations (SD) was calculated for the 
continuous variables, while ratios and proportions were calculated for the categorical 
variables. Difference of proportions between qualitative variables were tested using chi- 
square test or Fisher exact test as applicable. P value less than 0.5 was considered as 
statistically significant. 
 
RESULTS  
Present study was a hospital based prospective study done with 30 patients to assess 
degenerative changes in the adjacent vertebrae in the upper and lower discs in patients with 
Adjacent Segment Disease (ASD). Mean age of the patient was 40.4±10.9 years, minimum age 
of patient was 25 years and maximum was 60 years. Mean BMI was 24.84±2.03 kg/m2 and 
mean interval of revision months was 7.8±3.2 months. Mean number of fused levels was 1 as 
single level lumber fusion was studied. Mean VAS score was 6.07±0.74. 40% were female 
patients while 60% were male patients 
Table 2: Distribution of study participants according to gender 

Characteristics  Mean value/ Number Percent 

Mean age (years) 40.4 ± 10.92  

Mean BMI (kg/m2) 24.84 ± 2.03  

Mean Interval of revision (months) 7.87 ± 3.29  

Mean Number of levels fused 1 ± 0  

Mean VAS 6.07 ± 0.74  

Gender   

Female 12 40% 

Male 18 60% 

Disc herniation was seen in 54% cases, while lumber spondylolisthesis was seen in 26% 
cases, and lumber stenosis was seen in 20% cases. 8 patients had disc herniation associated 
with spondylolisthesis, which constituted 26% of cases. Minimally invasive technique was 
used in 33.3% cases, while open surgery was used in 66.7% cases. Mostly segment L5 S1 
segment was involved in surgery (54%) followed by segment L4-L5. Motor weakness was 
present in 63% cases. VAS score was 7 in 30% cases. 
Table 2: General characteristics 

Characteristics  No. of subjects Percentage 

Diagnosis   

Disc herniation 16 54% 

Lumber spondylolisthesis + disc herniation 8 26% 

Lumber stenosis 6 20% 

Techniques   

Minimally invasive 10 33.30% 

Open 20 66.70% 

Surgery Segment   

L4-L5 14 46% 

L5 S1 16 54% 
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Motor weakness   

Yes 19 63% 

VAS   

5 7 23% 

6 14 47% 

7 9 30% 

Most common risk factor was disc degeneration seen in 40% cases followed by rotational 
deformity (20%), listhesis (17%) cases. 
Table 3: Distribution according to risk factors in patients 

Risk factors Number Percent 

Disc degeneration 12 40% 

Rotational deformity 6 20 

Listhesis 5 17% 

Instability 4 13% 

Facet degeneration 2 7% 

Disc wedging 1 3% 

6 females and 6 males had disc degeneration, while 5 males had rotational deformity and 2 
females had listhesis. No significant association was found between gender and degenerative 
changes. 7 cases had disc herniation diagnosis with risk factors of disc degeneration. 
Rotational deformity was present in 3 cases of lumber spondylolisthesis. No significant 
association was found between diagnosis and risk factors. Motor weakness was present in 7 
cases of disc degeneration. No significant association was found.  
12 cases had disc degeneration as risk factor and had post operative adjacent disc 
degeneration on MRI .Significant association was found.  
Table 4: Association risk factors with gender/diagnosis/motor weakness 

Risk factors Disc 
degenerati
on 

Disc 
wedging 

Facet 
degeneratio
n 

Instab
ility 

Listh
esis 

Rotational 
deformity 

Gender       

Female 6 1 1 1 2 1 

Male 6 0 1 3 3 5 

Fischer exact test 3.819 P value 0.576    

Diagnosis       

Disc herniation 7 1 0 3 2 3 

Lumber 
spondylolisthesis 

1 0 2 0 2 3 

Lumber stenosis 4 0 0 1 1 0 

Fischer exact test 13.417 P value 0.201    

Motor weakness       

No 5 1 1 1 1 2 

Yes 7 0 1 3 4 4 

Fischer exact test 2.871 P value 0.720    

Postoperative 
ADD on MRI 

      

No 0 0 2 0 3 3 
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Yes 12 1 0 4 2 3 

Fischer exact test 16.193 P value 0.006    

 
10 males had disc herniation while 6 females had disc herniation. No significant 

association was found between gender and diagnosis. Motor weakness was present in 7 cases 
of disc degeneration. No significant association was found. 16 cases had disc herniation and 
had diagnosis of post operative adjacent disc degeneration on MRI. Significant association 
was found between preoperative ADD on MRI and diagnosis. 
Table 5: Association of diagnosis with gender/ Preoperative ADD /motor weakness 

Risk factors Disc herniation Lumber spondylolisthesis Lumber stenosis 

Gender    

Female 6 4 2 

Male 10 4 4 

Fischer's exact test 0.486 P value 0.784 

Motor weakness    

No 8 3 0 

Yes 8 5 6 

Fischer's exact test 4.701 P value 0.095 

Preoperative ADD on MRI    

No 0 7 1 

Yes 16 1 5 

Fischer's exact test 21.264 P value 0.000 

 
8 males had L5S1 as surgery segment while 8 females also had L5S1 surgery segment. 

All female patients in the study had history of child birth. 8 females had undergone LSCS and 
received spinal anaesthesia. No significant association was found between gender and 
surgery segment. 4 patients each of disc herniation with spondylolisthesis were diagnosed 
with L4-L5 and L5-S1 segment involvement respectively. No significant association of 
diagnosis and surgery segment was seen. 13 cases had L5S1 surgery segment and had post 
operative ADD on MRI. No significant association was found. 
Table 6: Association of surgery segment with gender/ diagnosis/Preoperative ADD /motor 
weakness 

Sex L4-L5 L5 S1  

Female 4 8  

Male 6 8  

Fischer's exact test 3.333 P value 0.189 

Diagnosis    

Disc herniation 5 9  

Lumber spondylolisthesis 4 3  

Lumber stenosis 1 4  

Fischer's exact test 1.852 P value 0.763 

Motor weakness    

No 4 6  

Yes 6 10  

Fischer's exact test 0.287 P value 0.866 
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Preoperative ADD on MRI    

No 4 3  

Yes 6 13  

Fischer's exact test 1.428 P value 0.490 

No significant association was found between risk factors and diagnosis. 
 
Table 7: Association between risk factors and diagnosis 

Risk factors Disc herniation Lumber spondylolisthesis Lumber stenosis 

Disc degeneration 7 1 4 

Disc wedging 1 0 0 

Facet degeneration 0 2 0 

Instability 3 0 1 

Listhesis 2 2 1 

Rotational deformity 3 3 0 

Fischer's exact test 13.417 P value 0.201 

 
DISCUSSION  

Hilibrand AS et al.,7 used the term ‘adjacent segment degeneration’ to describe 
radiographic changes seen at levels adjacent to a previous spinal fusion procedure, which do 
not necessarily correlate with any clinical findings. ‘Adjacent segment disease’ has been used 
to designate the development of new clinical symptoms that are compatible with 
radiographic changes adjacent to the level of a previous spinal fusion. Although studies on 
the adjacent segment problem are now in active progress, most of them have utilized 
radiographic findings as a diagnostic tool rather than for symptomatology.8 

ASD was defined as a condition in which a patient showed the relief of symptoms for 
a period of time and then developed new symptoms, accompanied by compatible lesions in 
adjacent segments on MRI, and subsequently underwent surgery for that problem. There 
continues to be debate over the exact incidence of adjacent segment change and whether it 
is related to actual clinical symptoms. This is likely due to the diversity of ASD definitions or 
criteria. 

Liang J et al.,9 retrospective study evaluating overall incidence and the predictive 
factors of adjacent segment degeneration found Symptomatic adjacent segment 
degeneration requiring surgery in 0.74% (28 of 3,799) of patients, and the average symptom-
free period was 5.66 years (range, 2.8–10.2). The distribution was as follows: superior 
adjacent level, 15 patients (54.6%) with a symptom-free period of 5.71 years; inferior adjacent 
level, 10 patients (35.7%) with a symptom-free period of 5.45 years; both levels, 3 patient 
(10.7%) with a symptom free period of 6.15 years. The average body mass index (BMI) for the 
SASDS and control groups was 27.9 ± 2.3 and 25.2 ± 3.3, respectively (p = 0.000). No significant 
differences were observed between the two groups in age, sex ratio, number of fused 
segments, or the fusion method. Similar findings were noted in present study. 

Masevn S et al.,10 retrospective cohort study identifying factors in the occurrence of 
symptomatic adjacent segment disease (ASD) after lumbar fusion found 64% of the subjects 
were female. The average age was 56 years (range, 19–78 years), and the average follow-up 
period was 36.0 months (range, 24–84 months). The mean follow-up was 3 years (range, 2–7 
years). Similar findings were noted in present study. 
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Lee CS et al.,6 retrospective clinical study assessing the risk factors and clinical features 
of adjacent segment disease (ASD) after lumbar fusion found of the 1,069 patients who 
underwent lumbar or lumbosacral fusion, 28 (2.62%) underwent revision surgery for ASD. 
average age of these ASD patients at the time of index fusion surgery was 58.4 years (range, 
46–76 years), which showed no significant difference from that of the 1,041 patients without 
ASD, 58.2 years (p = 0.894). Similar findings were noted in present study. 

In our study, disc herniation was seen in 54% cases, while lumbar spondylolisthesis 
was seen in 26% cases, and lumbar stenosis was seen in 20% cases. This is in concordance to 
the studies of Liang J et al.,9 Masevn S et al.,10 and Okuda S et al.,11 

It was observed in the present study that motor weakness was present in 63% cases. 
Allograft was used in 53% cases. Preoperative ADD on MRI was seen in 74% cases. Disc bulge 
in pre-operative CT examination was present in 64% cases. VAS score was 7 in 30% cases after 
surgery. This is consistent with the study of Liang J et al.,9 

In our study, motor weakness was present in 7 cases of disc degeneration. No 
significant association was found between motor weakness and risk factors. 8 cases had 
motor weakness and disc herniation as diagnosis. No significant association was found 
between motor weakness and diagnosis. 3 cases had motor weakness present and had 
surgery segment of L4S1.No significant association was found between motor weakness and 
surgery segment. This is in concordance to the study of Lee CS et al.,6 

Lee CS et al.,9 observed in general, back pain and radiating leg pain were relatively 
severe, although they were not quantitated. Motor weakness greater than one grade 
developed in the major leg muscles of nine patients (32.1%). Two of these patients normalized 
and four patients improved after revision surgery. All patients with ASD had spinal stenosis 
with neural encroachment, accompanied by disc herniation in 8 patients, spondylolisthesis in 
11 patients, and retrolisthesis in 7 patients. Degenerative lumbar kyphoscoliosis with lateral 
listhesis in the upper adjacent segment developed after L3–5 fusion in one patient (case 24). 
L5–S1 was initially fused in 7 patients, while 21 patients underwent floating fusion. Of the 
latter, only one (case 10, L5–S1) developed distal ASD. Of the 27 patients with proximal ASD, 
9 (33.3%) showed degenerative changes in two consecutive segments. 

In our study, 12 cases had disc degeneration as risk factor and had preoperative 
adjacent disc degeneration on MRI .Significant association was found. 16 cases had disc 
herniation and had diagnosis of preoperative adjacent disc degeneration on MRI. Significant 
association was found between preoperative ADD on MRI and diagnosis. Similar observations 
were noted in the studies of Throckmorton TW et al.,12 and Okuda S et al.,11 

Throckmorton TW et al.,12 study on impact of adjacent level disc degeneration on 
health status outcomes following lumbar fusion claimed that no benefit was derived from 
including adjacent segments with disc degeneration on preoperative MRI in lumbar fusion 
because degenerated adjacent segments did not appear to adversely affect clinical outcomes. 

Okuda S et al.,11 study performed to identify the risk factors for ASD reported no 
statistically significant relationship with adjacent segment disc degeneration on MRI. 
 
CONCLUSION  
A relatively low incidence of ASD after single level of lumbar or lumbosacral fusion requires 
surgery, patients with ASD had relatively severe symptoms and frequent neurological 
abnormalities. Pre-existing disc degeneration with reduced disc height will better predict ASD 
in future, with use of artificial disc/dynamic fusion prevents excessive load on the adjacent 
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segment and reduce post operative ASD. However, the need for radiological evaluation with 
MRI’s to diagnose ASD, should be reserved for those who present with symptoms or at an 
interval of 6months and 1year, as Early changes of ASD after fusion appear at least 6-12 
months after surgery, if no pre-existing cause is noted. 
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