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Abstract

Purpose The outcome of surgery for degenerative lumbar

scoliosis was studied in the Swedish Spine register.

Methods 209 patients (mean age 66 years) were identified;

45 had undergone decompression and/or fusion of one

segment (minor group) and 164 had undergone fusion of

two or more segments, with or without decompression

(major group).

Results VAS back pain, VAS leg pain, ODI and EQ-5D

index improved after surgery in both groups (p\ 0.05),

with medium to large effect sizes of surgery. Global

assessment for back pain and satisfaction was significantly

better in the major group than in the minor group

(p\ 0.05) at the 2-year follow-up. Additional spine sur-

gery was observed in 57 out of the 209 patients during a

mean period of 5.4 years.

Conclusion Surgery for degenerative lumbar scoliosis

improves quality of life with medium to large effect sizes,

but carries a high risk of additional surgery.

Keywords Degenerative lumbar scoliosis � Spinal
deformity � Lumbar spine � Spinal surgery

Introduction

Degenerative lumbar scoliosis is defined as a lumbar

deformity with a Cobb angle of C10� in the coronal plane

developing after skeletal maturity [1]. The estimated

prevalence ranges from 6 to 68% and increases with age

and only a minority are symptomatic [2–4].

Symptoms for degenerative lumbar scoliosis are primarily

chronic back pain and leg pain, and may severely reduce the

health-related quality of life [5, 6]. Even though evidence for

effectiveness of non-operative treatment is scarce, such

attempts should be performed before surgical procedures [7].

Surgical treatments include decompression, with or with-

out more or less extensive fusion with treatments decisions

based on symptoms and pathology [6]. The risks that different

surgical strategies carry are not evident. The possible risk of

deformity progression after minor surgery might influence

decision making towards major surgery, while comorbidities

might influence the decision towards minor surgery.

Little is known about patient-reported quality of life

outcomes after surgery [4, 6, 8–10]. In addition, more

follow-up data regarding the risk of repeated surgery after

several years is needed [8, 11, 12].

The aim was to evaluate (1) outcome, (2) effect size of

surgery, and (3) risk of repeated surgery for degenerative

lumbar scoliosis in the Swedish Spine register (Swespine).

We hypothesized that surgery for degenerative lumbar

scoliosis would increase quality of life.

Methods

In Sweden, 90% of all the spine clinics use Swespine [13],

and degenerative lumbar scoliosis has been possible to

register since 2001. Patients complete the outcome
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questionnaires, including data on anthropometry, smoking

status and comorbidities, before surgery and via mail at 1,

2, 5 and 10 years after surgery [13]. The treating surgeon

records diagnosis, type of surgery, complications during

the inpatient stay, and any new spine surgeries. Compli-

cations during the first 3 postoperative months are reported

by the patient at the 1-year follow-up.

Patients

In this retrospectively designed study on prospectively

collected data, we included patients treated for the first

time for degenerative lumbar scoliosis with decompression

and/or fusion. A flow chart of the study is presented in

Fig. 1. The inclusion criteria were fulfilled by 209 patients.

Of these, 155 patients answered to the 1 year and 139

patients to the 2-year follow-up questionnaire.

Validation of diagnosis

Classification of the radiological curve pattern or any other

radiological information is not included in the Swespine

register. We therefore validated the diagnosis by obtaining

radiographs from a random sample of 41 patients and

another 3 patients with radiographs from our own clinic.

The correct diagnosis, degenerative lumbar scoliosis with a

Cobb angle of C10�, was confirmed for all 44 patients. The

mean (SD) preoperative Cobb angle was 21 (7) degrees and

the mean (SD) postoperative Cobb angle was 16 (7)

degrees. Due to the lack of standardized radiographs in the

different clinics we did not attempt to classify the curve

patterns.

Outcome

Primary outcome measures

We considered global assessment of back pain and global

assessment of leg pain reported at the follow-ups as the

primary outcomes [14]. The global assessment questions,

‘‘How is your back/leg pain today compared to before

surgery?’’ were dichotomized into ‘‘pain free’’/’’much

better’’ vs. ‘‘somewhat better’’/’’unchanged’’/’’worse’’.

Secondary outcome measures

Secondary outcomes included the satisfaction question,

‘‘Are you satisfied with the outcome of the surgery?’’

which was dichotomized into ‘‘satisfied’’ vs. ‘‘undecided’’/

’’dissatisfied’’, the visual analog scale (VAS) for back pain

and VAS for leg pain ranging from 0 (no pain) to 100

(worst possible pain), Oswestry disability index ranging

Fig. 1 Flowchart of the participants in the study
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from 0 (no disability) to 100 (severe disability) [15], and

EuroQol-5 dimensions (EQ-5D). The answers on the five

EQ-5D questions (domains) were translated to an index

obtained from the UK EQ-5D tariff and ranges from -0.59

(worst) and 1.0 (best) [16].

Surgery

Patients were divided into two groups based on the

extensity of surgery. Isolated decompression with or

without fusion of one spinal segment, i.e., two vertebras,

were considered as the minor group. Fusions of two or

more spinal segments, i.e., three vertebras or more with or

without decompression were considered as the major

group. In secondary analyses, subgroups within the minor

and major groups were compared.

Additional surgery and mortality data

Additional surgeries of the lumbar spine were searched in

the Swespine database for the 209 patients until Nov 2,

2015. Any deaths were sought for all 209 patients in the

Swedish population register until Nov 2, 2015.

Statistics

Descriptive data are presented as mean (SD), median or

proportion (%). Due to unequal group sizes and variances,

the Welch–Satterthwaite t test was used to compare

unpaired continuous data. Pearson’s Chi-squared test or

Fischer’s exact test was used for categorical data. Paired

data was analyzed with Wilcoxon signed-rank test. These

analyzes were performed with SPSS, version 22 (IBM,

Armonk, NY, USA), which was also used to create the box

plots.

The a priori power calculation was based on the

assumption that the effect size of surgery was 0.5. Using

the program G*power [17], with power set to 80% and alfa

0.05, the required sample size was 35.

The effect size of surgery was calculated using

r ¼ z=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðn observations used to calculate zÞ
p

and esti-

mated according to Cohen [18]. z was obtained using the

Wilcoxon signed-rank test.

The cumulative incidence function and competing risks

proportional hazards regression were analyzed according to

Fine and Gray [19] to describe the risk of additional spine

surgery taking the competing risk, mortality into account

by applying the PHREG procedure in the Statistical anal-

ysis system (SAS) version 9.4 (SAS institute, Cary, NC,

USA).

p\ 0.05 was considered as level of significance.

Ethical approval

This study was conducted in accordance with the Helsinki

Declaration. Ethical approval was obtained from the

Stockholm Regional Ethical Board (Number 2012/172-31/

4 and 2016/1557-32).

Results

The preoperative characteristics did not differ between the

major and minor group, with the exception of body weight

(Table 1). Within the minor group, patients undergoing

decompression had similar preoperative characteristics as

those undergoing short fusion with or without decom-

pression (all p[ 0.05).

After a decrease between 1 and 2 years, global assess-

ment for back pain was significantly better in the major

group than in the minor group (Table 2). The same pattern

was seen for satisfaction (Table 2).

EQ-5D index was lower in the major surgery group than in

the minor surgery group at baseline (Fig. 2). The only EQ-5D

domain that differed significantly between the groups was the

‘‘pain/discomfort’’ domain.All patients answering had at least

moderate pain/discomfort; 102 out of 131 (78%) had severe

pain/discomfort in the major surgery group compared to 18

out of 37 (49%) in the minor surgery group (p = 0.001). The

initial improvement frompreoperative to the 1-year follow-up

in VAS back and leg pain, ODI and EQ-5D index did not

change significantly between 1 and 2 years (Fig. 2). The

effect size of surgery wasmedium to large for VAS back pain,

VAS leg pain, ODI and EQ-5D index (Table 3).

In the minor group, 3 out of 45 patients, and in the major

group, 21 out of 164 patients, had at least one complication

within the first 3 months after the index surgery (p = 0.25).

Subgroup analyses

When comparing patients within the minor group, patients

undergoing decompression only had similar outcomes com-

pared to those undergoing short fusion or decompression and

fusion (all p[0.05). When comparing patients within the

majorgroup, those fused at four ormore segments (n = 97)had

more previous surgeries (p = 0.048) and hadmore intermittent

consumption and less regular consumption of analgesics than

those fused at two or three segments (n = 67) (p = 0.001), but

the two groups had similar outcomes (all p[0.05).

Risk of additional surgery

The mean observational period for additional lumbar spine

surgery was for more than 95% of the patients longer than

the 2-year follow-up, with a mean of 5.4 years, consisting

624 Eur Spine J (2018) 27:622–629
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of 1130 person-years, Among the 209 individuals, at least

one additional spine surgery was observed in 57 individ-

uals. In 56 individuals, these surgeries were within or in

immediate proximity to the area of the index surgery;

fusion extending cranially or/and caudally (n = 20),

pseudarthrosis (n = 9), implant extraction or repositioning

(n = 16), infection (n = 4), and others (n = 7). In one

patient, the additional surgery consisted of a decompres-

sion on a level above the index surgery. Mortality during

the follow-up was seen in 22 individuals. The probability

of additional spine surgery was continuously increasing

during the follow-up (Fig. 3). The hazard ratio (HR) for at

least one additional spine surgical procedure for the major

spine surgery group was 2.12 (0.98–4.57) compared to the

minor surgery group (1.00; reference). When comparing

those fused at four or more segments to those fused at two

or three segments, the HR was 1.08 (0.62–1.90).

Non-response analysis

When comparing preoperative VAS back pain, VAS leg

pain, ODI and EQ-5D index between the group without

(n = 70) and the group with outcome data at 2 years

(n = 139), there were no statistically significant differ-

ences (all p[ 0.05).

Discussion

In this nationwide study of degenerative lumbar scoliosis,

surgery improved quality of life over 2 years, but 27% of

the patients were subjected to additional lumbar spine

surgery over a mean 5.4 year period.

Global assessment of back pain and leg pain was chosen

as primary outcome since they aggregate important

Table 1 Preoperative

characteristics of patients with

2-year follow-up data

Descriptive data Minor surgerya (n = 45) Major surgeryb (n = 164) p value

Females 32 (71%) 114 (70%) 1.00

Age at surgery 67 (9) 66 (8) 0.50

Height (cm) 170 (9) 166 (20) 0.17

Weight (kg) 81 (15) 75 (15) 0.042

Smoking status 0.42

Non-smoker 31 (82%) 114 (88%)

Smoker 7 (18%) 16 (12%)

Previous surgery 0.45

No 26 (68%) 81 (61%)

Yes 12 (32%) 51 (39%)

Analgesic consumption 0.92

No consumption 4 (11%) 8 (6%)

Intermittent consumption 26 (68%) 96 (72%)

Regular consumption 8 (21%) 29 (22%)

Walking capacity (m) 0.83

\500 27 (75%) 95 (72%)

[500 9 (25%) 37 (28%)

Duration of back pain (year) 0.33

\1 5 (14%) 10 (8%)

[1 32 (87%) 121 (92%)

Duration of leg pain (year) 0.48

\1 9 (25%) 22 (19%)

[1 27 (75%) 96 (81%)

Comorbidity 0.82

No comorbidity 17 (65%) 71 (68%)

Comorbidity 9 (35%) 33 (32%)

Data are presented as mean (SD) or as n (%). Numbers do not always correspond to group numbers due to

missing data

p values are given for the Pearson’s Chi-squared test, Fisher’s exact test and Welch–Satterthwaite t test for

the differences between the two groups
a 22 patients underwent isolated decompression, 8 underwent isolated short fusion and 15 underwent

decompression and short fusion
b 35 underwent isolated long fusion and 129 underwent decompression and long fusion
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dimensions for the patient [14], and represents the main

symptoms and indications for treatment in patients with

degenerative lumbar scoliosis [6]. Both the primary and

secondary outcome measures indicated an improvement

after surgery. Change in VAS back pain, VAS leg pain and

ODI exceeded the minimal clinically important difference

for both minor and major surgeries and for EQ-5D for

major surgery [20–22], and were without significant

change between 1 and 2 years. However, the trend of

deterioration in global assessment for both back and leg

pain between 1 and 2 years is of some concern.

The effect sizes of surgery on VAS back and leg pain,

ODI and EQ-5D, global assessment and satisfaction

seemed to point at a more beneficial effect of surgery for

the major surgery group. Preoperative characteristics could

not explain this, as the only substantial preoperative dif-

ference was in the EQ-5D domain ‘‘pain/disability’’ which

was worse in the major surgery group. One has to bear in

mind that the group differences have to be interpreted with

great caution. The choice of surgical treatment could be

dependent on differences in patient characteristics and

surgeon preferences not captured in this study. For exam-

ple, it is likely that decompression is more often performed

in individuals with neurogenic claudication, while fusion is

more often performed in individuals with predominant

back pain, even though this was not evident from the

present data.

Previous reports on surgical results after degenerative

lumbar scoliosis are somewhat contradictory. One study

found that isolated decompression and short fusion surgery

improved ODI while long fusion did not [10], and another

found no difference in global outcome between groups [8].

Differences in baseline group characteristics such as age

and symptoms may explain the differences between these

studies and the present study.

The patient-reported outcome data in this study does not

necessarily reflect the long term outcome in terms of risk

for additional spine surgery, due to a much longer follow-

up. Over a mean 5.4-year period, 27% of the patients were

subjected to additional lumbar spine surgery. This is sim-

ilar to Brodke et al. [23] who reported a repeated surgery

rate of 26% after a mean follow-up of 5.2 years in 96

patients treated for lumbar spinal stenosis and degenerative

deformity. More extensive surgery may carry a higher risk

of reoperation. One study reported a reoperation rate of 7%

for isolated decompression, 15% for short fusion and 28%

for long fusion in patients with degenerative lumbar scol-

iosis 2 years after the index surgery [8]. Charosky et al.

[11] reported a 44% risk of reoperation after a mean fol-

low-up of 5.8 years in patients that had undergone primary

Table 2 Global assessment and

satisfaction outcome at 1- and

2-year follow-ups

Minor surgery Major surgery p value

Global assessment back pain

1 year

Pain free/much better 16 (46%) 65 (59%) 0.24

Somewhat better/unchanged/worse 19 (54%) 46 (41%)

2 years

Pain free/much better 7 (22%) 54 (51%) 0.004

Somewhat better/unchanged/worse 25 (78%) 51 (49%)

Global assessment leg pain

1 year

Pain free/much better 16 (46%) 68 (65%) 0.047

Somewhat better/unchanged/worse 19 (54%) 36 (35%)

2 years

Pain free/much better 9 (30%) 45 (51%) 0.06

Somewhat better/unchanged/worse 21 (70%) 44 (49%)

Patient satisfaction

1 year

Satisfied 18 (51%) 67 (59%) 0.44

Undecided/dissatisfied 17 (49%) 46 (41%)

2 years

Satisfied 12 (36%) 60 (58%) 0.045

Undecided/dissatisfied 21 (63%) 44 (42%)

Data are presented as n (%). Numbers do not always correspond to group numbers due to missing data

p values are given for the Fisher’s exact test for the differences between the two groups
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Fig. 2 Box plot showing VAS back pain, VAS leg pain, ODI and

EQ-5D index preoperatively and at the 1- and 2-year follow-ups in the

minor surgery group (white boxes) and major surgery group (gray

boxes). The change between baseline and 1 year was significant for

all outcomes (p = 0.012 or less). No statistically significant changes

in outcome were seen between the 1- and 2-year follow-ups (p values

ranging between 0.12 and 0.76). The boxes represent the inner

quartile range (IQR) with median denoted by horizontal line. The

inner fences represent minimum and maximum values or 1.5 times

IQR, with outliers more than 1.5 times the IQR shown

Table 3 Effect size of surgery

for the patient-reported outcome

measures from preoperative to

the 1-year follow-up and to the

2-year follow-up

Preoperative—1 year Preoperative—2 years

r (effect size) Cohen’s criteria r (effect size) Cohen’s criteria

Major surgery

VAS back pain 0.4 Medium to large 0.4 Medium to large

VAS leg pain 0.4 Medium to large 0.4 Medium to large

ODI 0.5 Large 0.5 Large

EQ-5D index 0.5 Large 0.5 Large

Minor surgery

VAS back pain 0.5 Large 0.3 Medium

VAS leg pain 0.4 Medium to large 0.3 Medium

ODI 0.3 Medium 0.3 Medium

EQ-5D index 0.3 Medium 0.3 Medium

Effect size according to Cohen’s criteria (Cohen 1988): small r = 0.1, medium r = 0.3, large r = 0.5

VAS visual analog scale, ODI Oswestry disability index, EQ-5D EuroQol-5 dimensions

Eur Spine J (2018) 27:622–629 627
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adult scoliosis surgery with a mean of seven instrumented

levels. Our figures point in the same direction but were

without significant differences between the major and

minor surgery groups.

There are some shortcomings with this study. The study

is retrospective in its design, which limits our possibilities

to draw conclusions on preferred types of surgery. Patient

characteristics that possibly impacted on the choice of

surgery type could not be identified other than that the

major surgery group seemed to have more general pain as

assessed with EQ-5D.

The proportion of patients operated with isolated

decompression and short fusion was small compared to

other studies evaluating quality of life outcomes [8, 10].

We cannot exclude that patients with degenerative lumbar

scoliosis and concomitant spinal stenosis that were surgi-

cally treated might have been entered into the Swespine

registry with the diagnosis ‘‘spinal stenosis’’ instead of

‘‘degenerative lumbar scoliosis’’. However, the validity of

the diagnosis and extent of surgery is very high in Swe-

spine [24].

A registration of various radiological variables would

have been beneficial. However, the registration of radio-

logical data is not part of the present Swespine protocol. A

random sample of radiographs confirmed the diagnosis in

all cases. We could therefore be fairly certain about the

credibility of the diagnosis in the database. Due to the lack

of standardization of radiographs we did not attempt to

make any additional classification of curve patterns.

Another possible limitation is missing data, including

the patients lost to follow-up. Questionnaire non-respon-

ders in other studies of lumbar degenerative disorders have

not been found to differ substantially from questionnaire

responders [25, 26]. We did not find any differences in the

baseline variables for the patients that responded to the

2-year follow-up and those who did not, supporting the

assumption that missing data was lost at random and our

study cohort therefore representative.

The number of patients treated for degenerative lumbar

scoliosis in this study is small, but with a growing elderly

population it is likely that an increased number of patients

will be considered for surgical treatment. Besides the

development of strategies for patient selection and surgical

strategies, there is a need for improved non-surgical care.

Despite the difficulty in the clinic to choose the optimal

surgical treatment for degenerative lumbar scoliosis,

patients seemed to increase their quality of life up to

2 years postoperatively. The risk of repeated surgery over a

mean 5 year period was high.
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