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Risk factors for adjacent segment disease after lumbar fusion
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Abstract The incidence of adjacent segment problems

after lumbar fusion has been found to vary, and risk factors

for these problems have not been precisely verified, espe-

cially based on structural changes determined by magnetic

resonance imaging. The purpose of this retrospective

clinical study was to describe the incidence and clinical

features of adjacent segment disease (ASD) after lumbar

fusion and to determine its risk factors. We assessed the

incidence of ASD in patients who underwent lumbar or

lumbosacral fusions for degenerative conditions between

August 1995 and March 2006 with at least a 1-year follow-

up. Patients less than 35 years of age at the index spinal

fusion, patients with uninstrumented fusion, and patients

who had not achieved successful union were excluded. Of

the 1069 patients who underwent fusions, 28 (2.62%)

needed secondary operations because of ASD and were

included in this study. In order to identify the risk factors,

we matched a disease group and a control group. The

disease group consisted of 26 of the 28 patients with ASD,

excluding the 2 patients for whom we did not have initial

MRI data. Each patient in the disease group was matched

by age, sex, fusion level and follow-up period with a

control patient. The assumed risk factors included disc and

facet degeneration, instability, listhesis, rotational defor-

mity, and disc wedging. The mean age of the 28 patients

with ASD requiring surgical treatment was 58.4 years,

which did not differ significantly from that of the popula-

tion in which ASD did not develop (58.2 years,

p = 0.894). Of the 21 patients who underwent floating

fusion, only 1 developed distal ASD. Facet degeneration

was a significant risk factor (p \ 0.01) on logistic regres-

sion analysis. The incidence of distal ASD was much lower

than that of proximal ASD. Pre-existing facet degeneration

may be associated with a high risk of adjacent segment

problems following lumbar fusion procedures.
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Introduction

Although efforts to preserve segmental motion during

spinal surgery are now increasing, spinal fusion remains a

standard method of surgical treatment for deformity,

trauma, and degenerative disorders. Fusion and clinical

success rates have increased due to improvements in

instrumentation and bone graft material. In contrast,

numerous complications and problems of fusion surgery

have been reported, with adjacent segment disease (ASD)

being one of the most important. Abnormal loading and

increased mobility in adjacent segments may explain the

development of ASD, but it is still unclear whether it is

caused by fusion sequelae or is the result of natural

degeneration [3, 6, 11, 15, 18, 24]. There have also been

controversies about the exact incidence of ASD and its risk
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factors. It is evident that the number of surgical interven-

tions for ASD will increase as more spinal fusions are

performed. To date, however, only a few reports on the

results of revision surgery for ASD have been published [1,

4, 22].

The authors described the incidence and clinical features

of ASD after lumbar fusion based on the past 11-year

experience, and tried to elucidate the risk factors for ASD,

as determined by lumbosacral plain radiographs and mag-

netic resonance imaging (MRI).

Materials and methods

We retrospectively evaluated the results of 1069 instru-

mented lumbar or lumbosacral fusions performed at our

institution for the treatment of degenerative conditions,

with at least a 1-year follow-up period, between August

1995 and March 2006. Patients less than 35 years of age at

the time of index spinal fusion, patients who underwent

uninstrumented fusion, and patients who did not achieve

successful union were excluded. The initial diagnosis

included spinal stenosis, isthmic and degenerative spondy-

lolisthesis, lumbar degenerative kyphosis, degenerative

disc disease and disc herniation. There was no limitation in

the type of fusion. Of these 1069 patients, 28 (2.62%)

required and underwent revision surgery due to the

development of ASD. ASD was defined as a condition in

which a patient showed the relief of symptoms for at least

6 months after the index operation, the newly developed

symptoms were compatible with the lesions in adjacent

segments demonstrated in radiological images, and the

patient had revision surgery for that problem.

Medical records and radiological studies of the ASD

patients were retrospectively reviewed to record age, initial

diagnosis, type of fusion, neurological abnormalities, the

interval between the index and revision procedures, and

features of ASD.

To identify the risk factors for ASD, we selected a

control group from the fusion population, matched 1:1 to

the ASD patients by age, sex, fusion level and follow-up

period. We assumed that risk factors on MRI would include

disc and facet degeneration of the adjacent segment, and

risk factors on plain radiographs would include instability,

listhesis, rotational deformity, and disc wedging. There-

fore, our control patients were chosen only from those with

available preoperative standing and flexion-extension

radiographs and MRI. The disease group consisted of 26 of

the 28 patients with ASD, excluding 2 patients whose

initial MRIs were not available. From the patients without

ASD, we chose 26 matched by age, gender, fusion level,

and follow-up period and assigned to the control group. For

the establishment of the control group, we first identified

all patients whose gender and fusion level were identical to

each patient in the disease group, then selected patients

with an age difference of less than 5 years, and finally

selected the patient mostly closely matched by follow-up

period. The difference in follow-up period between the

disease group and the control group was less than one year

in all matched cases.

Disc degeneration on MRI was rated from grade 1 to

grade 5 using the classification system of Pfirrmann et al.

[21], and facet joint degeneration was rated from grade 1 to

grade 4 according to the criteria of Weishaupt et al. [27].

Two spine surgeons independently reviewed all lumbosa-

cral MRI images of the patients in both groups taken within

6 months before index fusion surgery. The readers, who

were blinded to all clinical information, graded degenera-

tion of the disc and facet joints in the proximal or distal

adjacent segment in which ASD later developed. Mea-

surements were performed twice for each patient, with the

average grade used for statistical analyses. For each mat-

ched patient in the control group, the same segment was

graded as that of the matched patient in the disease group.

If ASD developed in two consecutive segments, data from

only the segment nearest fusion site was included in risk

factor analysis. Four assumed risk factors on plain radio-

graphs were also measured in the same segment as in MRI:

(a) instability, defined as [3 mm anterior or posterior

translation and[10� angulation in flexion/extension lateral

radiographs; (b) listhesis, defined as [3 mm anterior,

posterior, or lateral translation in standing anteroposterior

and lateral radiographs; (c) rotational deformity, defined as

a [5� rotation angle difference between the upper and

lower vertebrae measured by Perdriolle’s torsionmeter [20]

in standing anteroposterior radiograph; and (d) disc

wedging, defined as a [5� angle between the inferior

endplate of the upper vertebra and the superior endplate of

the lower vertebra in standing anteroposterior radiograph.

Interobserver and intraobserver agreement in MRI

grading was evaluated by kappa statistics. Logistic

regression analysis was used to analyze the assumed risk

factors with backward elimination, in which variables with

significance level of more than 0.25 are removed. Confi-

dence interval of odds ratio was 95%. Fisher’s exact test

was also performed for the four categorical variables on

plain radiographs. Student’s t test was used to compare

average ages at index fusion surgery between the patients

with ASD (28 patients) and the patients without ASD

(1,041 patients) in the fusion population.

Results

The incidence and clinical features of ASD were based on

data from the 28 patients who required and underwent
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revision surgery. Risk factors were identified based on data

from 26 patients in the disease group and 26 in the control

group.

Incidence and age

Of the 1,069 patients who underwent lumbar or lumbosa-

cral fusion, 28 (2.62%) underwent revision surgery for

ASD. The 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). The

average interval between the index and revision surgery

was 52.3 months (range, 9–125 months).

Diagnosis and clinical features (Table 1)

Degenerative spondylolisthesis was the most common

initial diagnosis (19 patients). A single level was fused

in 11 patients, two levels in 9 patients, and three levels

in 7 patients. In one patient (case 3), spinal stenosis

developed in the intervening segment after skip fusions

at L2–3 and L4–5. Eight patients underwent postero-

lateral fusion (PLF) alone; seven underwent posterior

lumbar interbody fusion (PLIF) alone, and eight under-

went combined PLF and PLIF, each at a different level.

In the remaining five patients, PLF was combined with

PLIF or anterior lumbar interbody fusion (ALIF) in one

segment.

Table 1 Profiles of patients with ASD

Case

No.

Age/

sex

Initial diagnosis Initial

fusion

Fusion

technique

Interval to

revision (months)

Motor

weakness

ASD

1 57/F DSL L4–5 L4–5 PLF and PLIF 33 No SS L2–4

2 60/F SS L2–4, DSL L4–5 L2–5 PLF, PLIF 14 Yes SS and HIVD T12–L1–2

3 69/F HIVD L2–3, DSL L4–5 L2–3, L4–5 PLF, PLIF 37 No SS L3–4

4 57/F SS L3–5 L3–5 PLF 99 Yes RL and SS L2–3

5 52/F DSL L4–5 L4–5 PLIF 98 No AL and SS L3–4

6 65/M DSL L3–5, DS,SL L5 L3–5–S1 PLIF 16 Yes RL and SS L2–3

7 66/F SS L4–5–S1, HIVD L1–2 L4–5–S1 PLF 44 Yes RL L2–3, SS L2–4

8 48/F DSL L4–5 L4–5 PLF and ALIF 116 No AL and SS L3–4

9 58/F DSL L3–5 L3–5 PLF, PLIF 16 Yes HIVD and SS L5–S1

10 52/F SS L4–5–S1 L4–5–S1 PLF, PLIF 9 No SS L3–4

11 55/M DSL L3–5, SS L3–5–S1 L3–5–S1 PLIF 11 Yes SS L3–4

12 65/M SS L2–5 L2–5 PLF, PLIF 41 Yes RL and SS L1–2

13 50/F RL and SS L4–5 L4–5 PLF 68 No AL and SS L3–4

14 59/F SS L4–5 L4–5 PLF 55 No SS L2–4, RL L3–4

15 48/F DSL L4–5, SS L3–5 L3–5 PLF 76 No AL and SS L2–3

16 59/F DSL L4–5 L4–5 PLF and PLIF 52 No HIVD L2–4, AL L3–4

17 64/M SS L3–5 L3–5 PLF 28 Yes SS and HIVD L2–3

18 58/M DSL L4–5 L4–5 PLF 26 No HIVD and SS L3–4

19 53/M DSL L4–5 L4–5 PLF and ALIF 125 No RL and HIVD L2–3, SS L2–4

20 46/F DSL L4–5, SS L3–5 L3–5 PLF, PLIF 80 No AL and SS L2–3

21 76/M DSL L5–S1 L5–S1 PLIF 50 No AL and SS L4–5

22 61/M ISL L5–S1, SS L4–5–S1 L4–5–S1 PLF, PLIF 55 No RL and SS L2–4

23 51/F DSL L3–4, SS L3–5 L3–5 PLF, PLIF 35 No AL, SS and HIVD L2–3

24 60/F DSL L3–4, RL L4–5 L3–5 PLIF 59 No AL with kyphosis L1–2, LL L2–3, DS

25 53/F DSL L4–5 L4–5 PLF 79 No AL and SS L3–4

26 70/M DSL L4–5 L4–5 PLF and PLIF 50 No SS L3–4

27 64/F DSL L4–5, SS L4–5–S1 L4–5–S1 PLIF 66 No SS L2–4

28 60/M SS L2–S1 L2–S1 PLF 27 Yes AL, SS and HIVD L1–2, VCF L1

DSL degenerative spondylolisthesis, SS spinal stenosis, HIVD herniated intervertebral disc, DS degenerative scoliosis, SL spondylolysis, RL
retrolisthesis, ISL isthmic spondylolisthesis, PLF posterolateral fusion, PLIF posterior lumbar interbody fusion, ALIF anterior lumbar interbody

fusion, ASD adjacent segment disease, AL anterolisthesis, LL lateral listhesis, VCF vertebral compression fracture
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In general, back pain and radiating leg pain were rela-

tively 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 sur-

gery. 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 (Fig. 1).

Risk factors (Table 2)

Interobserver agreement for grading of disc and facet joints

in initial MRI was substantial and fair with weighted

kappa coefficients of 0.65 and 0.37, respectively (0.00–

0.20 = slight, 0.21–0.40 = fair, 0.41–0.60 = moderate,

0.61–0.80 = substantial, 0.80–1.00 = excellent) [14].

Intraobserver agreements were substantial for both vari-

ables, with kappa values of 0.76 and 0.74, respectively.

Average degenerative disc changes were grade 3.58 in the

disease group, and grade 3.23 in the control group. Facet

arthrosis was grade 1.58 in the disease group and grade

0.92 in the control group. Of the assumed risk factors on

plain radiographs, instability was observed in six patients

of the disease group and four patients of the control group;

listhesis in seven and three patients, respectively; rotational

deformity in seven and two patients, respectively; and disc

wedging in four and two patients, respectively. All six

variables had higher average grade or higher incidence in

the disease group, but only degeneration of facet joints on

initial MRI was found to be a statistically significant risk

factor for ASD by logistic regression analysis (p \ 0.01).

The other factors, including disc degeneration, did not

differ significantly between the two groups. Fisher’s exact

Fig. 1 Imaging studies of case 1. This patient had degenerative

spondylolisthesis at L4–5 (a, b and c). Initial radiographs and MRI

showed rotational deformity at L3–4, disc wedging at L2–3, and

grade 4 disc degeneration at L2–3, L3–4 and L5–S1 (c). Facet

degeneration was grade 2 at L2–3 (d) and grade 1 at L3–4 (e). PLIF

was performed at L4–5. Adjacent segment disease developed at L2–3

and L3–4 after 33 months (f, g and h). Central spinal stenosis was

aggravated at L2–3 (j) and L3–4 (k). Facet joints were intact at L1–2

(i). Revision surgery was performed from L2 to L5. Note that the

L5–S1 segment does not show any deterioration of degeneration

Table 2 Risk factors

Risk factors Logistic regression Fisher’s

exact

test

p value Odds

ratio

95%

Confidence

interval

p value

Disc degeneration 0.17 0.48 0.17–1.38

Facet degeneration \0.01 0.01 \0.01–0.12

Instability 0.70 0.63 0.06–6.46 0.73

Listhesis 0.41 0.38 0.04–3.75 0.29

Rotational deformity 0.83 0.74 0.05–11.40 0.14

Disc wedging 0.63 1.81 0.16–20.61 0.67
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test also showed no statistical significance for the four

categorical variables.

Discussion

Hilibrand and Robbins [12] used the term ‘adjacent seg-

ment degeneration’ to describe radiographic changes seen

at levels adjacent to a previous spinal fusion procedure,

which do not necessarily correlate with any clinical find-

ings. ‘Adjacent segment disease’ has been used to desig-

nate 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 adja-

cent segment problem are now in active progress, but most

of them have utilized radiographic findings as a diagnostic

tool rather than for symptomatology [2, 5, 7–10, 19].

However, we suggest that discussion about the adjacent

segment changes irrelevant to clinical findings is not so

meaningful. Therefore, 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. Park et al. [18] reviewed the

results of 56 studies, and found that the incidence of ASD

ranged from 8 to 100% when using only radiographic

criteria, whereas the incidence of symptomatic ASD was

much lower, ranging from 5.2 to 18.5%. There are few

reports of the incidence of adjacent segment problems

requiring revision surgery. Aiki et al. [1] performed

reoperations for symptomatic adjacent segment stenosis in

7.7% of patients who had undergone posterior lumbar

fusion after at least a 2-year follow-up. Gillet [10] reported

that 20% of posterolateral fusion patients needed a second

operation for adjacent motion segment alteration after a

minimum of 5 years. According to the survival analysis

conducted by Ghiselli et al. [8], the rates of symptomatic

degeneration requiring surgery at adjacent segments were

16.5% at 5 years, and 36.1% at 10 years after the index

fusion. New disease at an adjacent level thus developed at a

rate of 3.9% per year. In our study, revision operations

were warranted in 2.62% of the 1,069 lumbar or lumbo-

sacral fusion patients after at least one year, showing

relatively low incidence. However, the incidence is

expected to increase with longer follow-up.

The interval between the index and revision surgery has

been reported to range from 5.2 to 7.1 years [1, 4, 22]. The

comparatively short interval in this study (4.4 years,

52.3 months) may be due to differences in type of fusion

and patient population. The time period for the develop-

ment of radiographic changes or clinical symptoms would

be even shorter than that for revision surgery. For example,

Etebar and Cahill [7] reported that symptomatic ASD

occurred within 1 year from the index operation in 8 of 18

patients. Interestingly, a female patient in this study (case

10) also presented newly developed radiating leg pain and

neurogenic claudication only 5 months after surgery. She

had been symptom-free since the index L4–S1 fusion

surgery. MRI revealed aggravation of spinal stenosis

caused by disc herniation and facet hypertrophy at L3–4. In

particular, this patient had a trefoil spinal canal. This is the

reason why we chose 1 year as the minimum follow-up

period for the fusion population.

It is unclear whether the distal L5–S1 segment should be

included in fusion levels when floating fusion, including

L4–5, is needed. The number of reports on this problem,

however, is unexpectedly scanty. Survivorship analysis by

Ghiselli et al. [9] has shown that the 10-year survival rate

of the L5–S1 segment after isolated L4–5 fusion was 90%.

Miyakoshi et al. [16] suggested that the L5–S1 segment

does not have to be routinely included in fusion, even in the

presence of degenerative changes, because the clinical

outcome of L4–L5 fusion is not affected by narrowing of

the L5–S1 disc. We also found that the incidence of distal

ASD was much lower than that of proximal ASD. The

exact statistical data have not been collected, but several

other clinical studies have demonstrated similar tendencies

[1, 2, 5, 7]. This may be due to the recessed position of the

L5–S1 segment within the pelvis restrained by iliolumbar

ligaments [9]. Moreover, the possibility of facet injury by

pedicle screw insertion is relatively low in the inferior

adjacent segment as compared to the superior adjacent

segment [2]. The wide cross-sectional area of the spinal

canal at the L5–S1 level may also contribute to this result.

Although additional studies are required, including deter-

mination of the differences in biomechanical changes

induced by fusion between the proximal and distal adjacent

segments, we recommend the preservation of the L5–S1

segment as long as there are no serious degenerative

changes or neural encroachment.

Many efforts have been made to find risk factors for

ASD in order to predict and prevent this condition, with

numerous factors suspected as culprits including patient

factors such as age, gender, or bone mineral density; ana-

tomical predisposition of the lamina and facet joints; pre-

operative condition of the disc and facet joints; number of

fused segments; type of fusion and instrumentation; and

coronal or sagittal alignment [1, 2, 5, 7, 8, 10, 13, 17, 18,

23, 26, 28]. Since Aota et al. [2] indicated that the inci-

dence of post-fusion instability at the adjacent segments

was far higher in older ([55 years) than in younger

patients, patient age has been regarded as a major risk
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factor. These findings, however, have been negated by

some recently published articles [1, 7, 17], and this study

also demonstrated that the average age of the ASD patients

did not differ significantly between patients with and

without ASD.

A better determination of fusion levels during operative

planning requires the ability to predict whether preexisting

disc or facet degeneration will cause ASD in the future.

Because degenerative changes seldom localize in the seg-

ments requiring decompression during surgery on patients

with lumbar degenerative disease, determination of fusion

levels is always confusing. Throckmorton et al. [25]

claimed that no benefit was derived from including adja-

cent segments with disc degeneration on preoperative MRI

in lumbar fusion because degenerated adjacent segments

did not appear to adversely affect clinical outcomes.

Another study performed to identify the risk factors for

ASD reported no statistically significant relationship with

adjacent segment disc degeneration on MRI [17]. To our

knowledge, however, no studies have reported on the

correlation between facet degeneration and ASD. Among

the six assumed risk factors in our study, only degenerative

change of facet joints detected on MRI was statistically

significant, although the grade and incidence of other

variables were higher in the disease group.

Grading of facet arthrosis on MRI encompasses the

problem of low interobserver reliability. The current

authors observed only fair interobserver agreement. We-

ishaupt et al., who devised the grading system used in this

study, concluded that computed tomography (CT) is the

radiologic method of choice in the diagnosis of facet joint

degeneration because of this limitation [27]. Accordingly,

evaluation of facet status by CT will be a good alternative

if facet degeneration at adjacent levels is of concern in the

determination of fusion levels. There was a statistical sig-

nificance in the odds ratio of the facet degeneration

between the disease and control groups in this study, but

the average difference was less than one grade. Therefore,

fusion level cannot be exclusively determined by this fac-

tor, and other variables should be considered.

Conclusions

Although we observed a relatively low incidence of ASD

after lumbar or lumbosacral fusion requiring surgery,

patients with ASD had relatively severe symptoms and

frequent neurological abnormalities. In determining fusion

levels, it would be desirable to save the distal adjacent

segment unless it shows significant degenerative changes

or neural encroachment because the incidence of distal

ASD is much lower than that of proximal ASD in floating

fusion. Preexisting facet degeneration may be associated

with a high risk of adjacent segment problems.
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