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Abstract

Natural history studies have focused on risk for progres-
sion in lumbar curves of more than 30°, while smaller 
curves have little data for guiding treatment. We studied 
curve progression in de novo degenerative scoliotic 
curves of no more than 30°.
  Radiographs of 24 patients (17 women, 7 men; mean 
age, 68.2 years) followed for up to 14.3 years (mean, 
4.85 years) were reviewed. Risk factors studied for curve 
progression included lumbar lordosis, lateral listhesis of 
more than 5 mm, sex, age, convexity direction, and posi-
tion of intercrestal line.
  Curves averaged 14° at presentation and 22° at latest 
follow-up and progressed a mean of 2° (SD, 1°) per year. 
Mean progression was 2.5° per year for patients older 
than 69 years and 1.5° per year for younger patients. 
Levoscoliosis progressed 3° per year and dextroscolio-
sis 1° per year (P<.05). Forty-six percent of patients had 
lateral listhesis of more than 5 mm at L3 and L4.
 Curve progression was not linear and might occur 
rapidly, particularly in women older than 69 with lateral 
listhesis of more than 5 mm and levoscoliosis. Small 
curves can progress and therefore should be individual-
ized in the context of other risk factors.

Degenerative scoliosis tends to present in the lum-
bar spine of patients older than 50 years with 
low back pain, neurogenic claudication, and sci-
atica.1-32 These symptoms are often associated 

with advanced disc degeneration, asymmetric facet arthro-
sis, osteoporosis, compression fractures, hypertrophy of 
ligamentum flavum, segmental instability, and foraminal 
and central stenosis.6,10,11,13,17,24-26,28,31,32 Nonsurgical man-
agement is usually first-line treatment, but, in patients with 

disabling pain and progressive deformity, surgery might be 
needed to relieve symptoms.1,3,8,9,12,14,15,19-23,27,30 However, 
the decision to perform surgery is often complicated by 
advanced age and variable life expectancy, osteoporosis, and 
multiple medical comorbidities that commonly characterize 
this patient population. Complications after surgery range 
from 20% to 40% in most series.1,3,8,9,12,14,15,19,21,23,27,30

There is lack of consensus for surgical management 
of lumbar degenerative scoliosis because of the hetero-
geneous nature of the disorder and the afflicted patient 
population, the multiple surgical options, and the lack 

of rigorous evidence-based outcomes. Fusion is usually 
recommended in symptomatic patients with significant 
lumbar curves considered at risk for progression. Natural 
history studies have therefore attempted to determine 
objective criteria for risk and rate of curve progression as a 
variable that might help the surgeon and the patient make a 
more informed decision regarding surgery.13,24-26,28,31,32

Radiographic follow-up studies have identified certain 
risk factors for pain and curve progression. These factors 
include Cobb angles of more than 30°, loss of lumbar 
lordosis, apical rotation higher than Nash-Moe grade II, 
lateral listhesis of more than 5 mm, and intercrestal line 
through or below the L4–L5 disc space.13,24-26,28,31,32

Natural history studies have therefore focused on risk 
for progression in curves of more than 30°, and lower 
magnitude curves, particularly those less than the 15° cri-
teria of the Scoliosis Research Society (SRS), have little 
data for guiding treatment. 

To generate additional data on risk for curve progres-
sion, we retrospectively assessed the rate of progression in 
a patient population with de novo low-magnitude but mea-
surable degenerative coronal curvature of the lumbar spine 
and documented potential associated risk factors. These 
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risk factors included curve magnitude at presentation, 
lumbar lordosis, lateral listhesis of more than 5 mm, sex, 
age, convexity direction, and position of intercrestal line. 
We hypothesized that de novo low-magnitude degenerative 
lumbar curves would also be at risk for progression.

Materials and Methods
We retrospectively reviewed the medical records of 24 
patients (17 women, 7 men) found on presentation at a 
spine clinic to have de novo degenerative scoliosis on 
routine standing plain anteroposterior radiographs. These 
patients were followed nonoperatively for a minimum of 
12 months. Mean age was 68.2 years (range, 50-81 years) 
for all patients, 68 years (range, 50-81 years) for the 
women, and 68.7 years (range, 50-77 years) for the men. 
Treatment included formal physical therapy programs and 
use of anti-inflammatory medications. Patients with radicu-
lar symptoms were recommended for epidural injection. 
No patient was treated with a brace.

Patients with lumbar curves surgically treated within 12 
months after evaluation were excluded. Inclusion criteria 
were measurable degenerative lumbar curves nonoperatively 
treated and availability for follow-up radiographs since first 
presentation for treatment. Patients presented with low back 
and/or leg pain and underwent routine radiographic evalua-
tion. All radiography was performed at the same facility. To 
not be limited by prior reports on the natural history of degen-
erative scoliosis and to include all measurable curves, we set 
no minimal criteria for curves; as a result, the angles in this 
study ranged from 3° to 30°. We recorded patient demograph-
ics, curve magnitude at presentation and follow-up, lumbar 
lordosis measured from T12 to sacrum, lateral listhesis of 
more than 5 mm, position of intercrestal line, location of 
apical vertebra and direction of convexity, and presence of a 

short-segment or compensatory curve below the major curve. 
These data points were chosen because they could be objec-
tively measured, in contrast to others, such as degree of apical 
rotation, which is more subjective. All patients had varying 
degrees of apical rotation. Measurements were done on the 
first and most recent standing plain radiographs taken before 
any surgical intervention. The Cobb technique was used to 
measure curve magnitude. Dr. Bohlman and Dr. Bouchard 
recorded Cobb angles for each patient.3 Dr. Chin performed 
all chart reviews and remeasured the Cobb angles for each 
patient. Interobserver variability between at least 2 different 
measurements per radiograph were determined. To assess 
interobserver reliability, we used a 15-patient overlap to deter-
mine the correlation coefficient between the investigators and 
found r = 0.95. When there is intraobserver variation with one 
type of measurement, no consistent bias is expected, rendering 
the correlation coefficient an effective measurement.33

Statistical analysis was performed with Microsoft Excel 
to assess for significant differences. A 2-tailed, 2-sample, 
unequal-variance Student t test was used. P <.05 was con-
sidered significant. Because of the limited sample size, 
measurements are reported as means and SDs.

Results
The data are summarized in the Table. We compared risk for 
progression in patients who had curves of 15° or more (SRS 
criterion for scoliosis) and patients who had curves of less 
than 15°. Curves averaged 14.2° (SD, 7.4°; range, 3°-30°) at 
presentation and 21.6° (SD, 10°; range, 4°-46°) at latest fol-
low-up. Mean progression was 7.3° (SD, 6.3°; range, 0°-26°) 
over 1.2 to 14.3 years (mean, 4.85 years). Curves of 15° or 
more progressed 2.1° (SD, 1.3°) per year compared with 1.9° 
(SD, 1.2°) for curves of less than 15°. However, progression 
was unpredictable. We were surprised to find that a 3° curve 

Table. Degenerative Scoliosis Measurements

														              Short-
					     Presenting	 Follow-Up	 Total	 Change/	 Follow-Up	 Follow-Up	        	      	 Intercrestal	 Segment	 Lateral
Patient	 Age (y)	 Sex	 Curve (°)	 Curve (°)	 Change (°)	 Year (°)	 (y)	 Lordosis (°)	       Apex		  Line	 Curve (°)	 Listhesis

1		  66		  F	 30	 36	 5	 0.8	 3.8	 34	 Right	 L2	 L4	 —	 Right (L3)
2		  64		  F	 7	 7	 0	 0	 2	 30	 Left	 L4	 L4–L5	 —	 —
3		  69		  F	 6	 8	 2	 0.2	 11	 27	 Right	 L3	 L4–L5	 —	 Right (L4)
4		  50		  F	 18	 30	 12	 2	 6	 26	 Left	 L2	 L4–L5	 —	 —
5		  74		  F	 20	 46	 26	 3.4	 7.8	 22	 Left	 L3	 L4	 —	 —
6		  70		  F	 8	 15	 7	 2.8	 2.5	 32	 Left	 L3	 L4–L5	 12	 —
7		  81		  F	 12	 21	 10	 9	 1	 21	 Left	 L4	 L4	 —	 Left (L3)
8		  71		  M	 7	 16	 9	 1.4	 6.3	 19	 Left	 L3	 L4–L5	 —	 —
9		  69		  M	 14	 21	 7	 1.2	 5.8	 32	 Left	 L3	 L4	 —	 —
10		 74		  F	 25	 29	 4	 0.7	 6	 31	 Right	 L1	 L4	 21	 Left (L4)
11		 51		  F	 9	 20	 11	 1.8	 6.1	 27	 Left	 L2	 L5	 —	 Left (L3)
12		 76		  F	 18	 23	 5	 4.3	 1.2	 30	 Left	 L3	 L4–L5	 —	 Left (L3)
13		 66		  F	 15	 37	 22	 6.6	 3.3	 30	 Left	 L2	 L4	 —	 Left (L3)
14		 63		  F	 3	 10	 7	 1.7	 4.1	 28	 Right	 L3	 L4–L5	 —	 Right (L3)
15		 77		  M	 10	 15	 5	 3.2	 1.6	 30	 Right	 L3	 L4	 —	 Right (L3)
16		 50		  M	 21	 21	 0	 0	 2.3	 35	 Left	 L3	 L4–L5	 —	 —
17		 72		  F	 9	 13	 4	 1.1	 3.8	 24	 Right	 L4	 L4	 10	 —
18		 73		  F	 4	 4	 0	 0	 2	 6	 Right	 L2	 L4	 —	 —
19		 68		  F	 12	 20	 8	 0.8	 10.7	 7	 Right	 L1	 L4–L5	 15	 —
20		 65		  M	 13	 25	 12	 0.8	 14.3	 27	 Right	 L3	 L4–L5	 —	 Right (L4)
21		 76		  M	 25	 32	 7	 1.8	 4	 27	 Right	 L3	 L4–L5	 —	 Right (L4)
22		 73		  F	 22	 22	 0	 0	 2.6	 13	 Right	 L3	 L4	 —	 Right (L3)
23		 66		  F	 20	 27	 7	 1.5	 4.8	 39	 Right	 L1	 L4	 20	 Left (L4)
24		 73		  M	 11	 20	 9	 2.5	 3.7	 11	 Left	 L3	 L4–L5	 —	 —



406  The American Journal of Orthopedics®

Risk of Progression in De Novo Low-Magnitude Degenerative Lumbar Curves

progressed to 10° after 4.1 years and that a 20° curve pro-
gressed only 7° over 4.8 years. Overall mean progression was 
2° (SD, 0.9°; range, 0°-9°) per year. Four curves, measuring 
4°, 7°, 21°, and 22° at presentation, did not progress over 2, 
2, 2.3, and 2.6 years, respectively.

We assessed risk for curve progression by age. Mean 
progression was 2.2° (SD, 1.2°; range, 0°-9°) per year for 
women compared with 1.6° (SD, 1.7°; range, 0°-3.2°) for 
men. The most progression, 26°, occurred over 7.75 years 

in a 74-year-old woman who had a 20° curve at presenta-
tion. The most significant incremental progression was 9° 
over 1 year in an 81-year-old woman with a 12° curve at 
presentation. One curve, in a 66-year-old woman, was 30° 
at presentation and 36° about 4 years later.

In trying to define the age above which curve progres-
sion was clearly more likely, we found mean progression to 
be 2.5° (SD, 1.4°; range, 0°-9°) per year for patients older 
than 69 years compared with 1.5° (SD, 1.0°; range, 0°-

6.6°) for younger patients; 2.7° (SD, 3°; range, 0°-9°) for 
women older than 69 compared with 1.7° (SD, 2°; range, 
0°-6.6°) for younger women; and 2.2° (SD, 0.7°; range, 
1.4°-3.2°) for men older than 69 compared with 0.7° (SD, 
0.5°; range, 0°-1.2°) for younger men.

Mean lordosis was 25.3° (SD, 8.7°; range, 6°-39°) at lat-
est follow-up. Mean lordosis in curves of less than 20° was 
24.5°, similar to the 25.8° in curves of 20° or more.

We also assessed the risk for progression in patients with 
lateral listhesis. Thirteen curves (54%) had lateral listhesis of 
more than 5 mm at L4 and L3. Of these curves, 5 were at L4, 
and 8 were at L3. The curves with lateral listhesis of more 
than 5 mm increased a mean of 2.5° (SD, 1.5°; range, 0°-9°) 
per year, whereas the other curves increased a mean of 1.4° 
(SD, 0.7°; range, 0°-3.4°) per year.

Location of intercrestal line was assessed as a risk 
factor. This line went through the L4 body in 11 cases, 
through the L4–L5 disc space in 12 cases, and through the 
L5 body in 1 case. Of the 4 patients with no progression, 
2 had intercrestal lines at the L4 body and the other 2 at 
the L4–L5 disc space. Mean progression was 2.5° (SD, 
1.7°) per year for the patients with the line at the L4 body 
and 1.5° (SD, 0.7°) for those with the line at or below the 
L4–L5 disc space.

Direction of apex of curve was evaluated as a risk factor. 
Of the 24 curves, 12 were convexed to the left and 12 to the 
right. Mean annual progression was 2.9° (SD, 1.5°) for the 
left-convexed curves and 1° (SD, 0.5°) for the right-con-

B

Figure. Patient is a man in his mid-70s. (A) Anteroposterior plain radiograph shows 25° degenerative lumbar curve on presentation.  
(B) Four-year follow-up anteroposterior radiograph shows increased curvature (32°).

A

“Degenerative lumbar curves 
tend to be left-convexed  
and centered around L3 or  
L4 and involve a mean of 4  
segments.13,24,26”
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vexed curves (P<.05). However, of the 4 curves that did not 
progress, 2 were left-convexed, and 2 were right-convexed. 
The apical vertebra was L3 in 13 cases, L4 in 3 cases, L2 
in 5 cases, and L1 in 3 cases. The apical vertebra was at L3 
in 2 of the 4 cases that did not progress and at L4 and L2 
in the other 2 cases.

There were 3 short-segment curves, all between L4 and 
the sacrum and all convexed to the left opposite the major 
curve. The apex of each short-segment curve was at the L4–
L5 disc space. The intercrestal line was at the L4 body in 2 
cases and at the L4–L5 disc space in the third case. These 
curves, which were not seen at presentation but developed 
over 6, 10.67, and 4.75 years (mean, 7.14 years), measured 
21°, 15°, and 20°, respectively, at latest follow-up. The 15° 
curve was the only one not associated with lateral listhesis 
of L4 of more than 5 mm.

Six patients (25%) failed nonoperative treatment and 
underwent lumbar decompression and uninstrumented 
fusion a mean of 5 years (range, 1-11 years) after pre-
sentation. Indications for surgery included disabling low 
back and leg pain, claudication, and curve progression. 
Preoperative curve progression was more rapid for this 
group (mean, 2.9° per year; SD, 3.3°; range, 0°-9°) than for 
the group treated only nonoperatively (mean, 1.2° per year; 
SD, 1.7°; range, 0°-6.6°). No other factors (eg, compres-
sion fractures) were identified as possible reasons for faster 
progression in the surgical group. 

Discussion
Patients with degenerative lumbar scoliosis present with a wide 
range of symptoms, comorbidities, and ages.1-32 When curves 
are more than 30°, surgeons are likely to be more concerned 
with risk for progression and are more inclined to follow these 
cases more closely.13,24-26,28,31,32 In contrast, when curves are 
less than 30°, surgeons are likely to treat them nonoperatively 
and schedule less frequent follow-ups. However, there is still 
a lack of consensus regarding risk factors for progression, and 
there is sparse natural history data to guide treatment of de 
novo low-magnitude degenerative curves.

The impact of age and sex on curve progression has 
not been clearly defined, but there is a tendency for 
progression of larger curves in elderly patients.25,26,31,32 
This observation might be attributed to the likelihood of 
osteoporosis with advanced age and females’ increased 
tendency to develop osteoporosis. Osteoporosis has not 
been shown to cause degenerative scoliosis,10-13,22,28,30 
but Vanderpool and colleagues31 reported a 36% inci-
dence of degenerative scoliosis in patients with osteo-

porosis and a 38% incidence in patients with osteoma-
lacia—an approximately 6-fold higher incidence than 
that found in age- and sex-matched controls. According 
to Vanderpool and colleagues,31 the high incidence of 
scoliosis in patients older than 50 years with osteopo-
rosis implicated osteoporosis as the cause of deformity. 
In the present study, there was also a tendency for 
a higher rate of curve progression in patients older 
than 69 independent of sex, but progression tended to 
be faster in women. In addition, the most significant 
incremental curve progression was 9° over 1 year in an 
81-year-old woman with a 12° curve at presentation. 
Her rapid progression was unusual, but we could not 
identify a specific reason for it (eg, compression frac-
ture) other than presence of the risk factors evaluated 
in this study. Her most glaring risk factors were age, 

her sex, and presence of osteopenic bone. However, 
Thevenon and colleagues28 demonstrated only a weak 
correlation between development of lumbar scoliosis 
and decreased bone mineral density of the femoral neck 
in a group of 56 patients older than 60.

Degenerative lumbar curves tend to be left-convexed 
and centered around L3 or L4 and involve a mean of 4 seg-
ments.13,24,26 It is unclear if convexity direction has prog-
nostic value for progression, but in the present study there 
were equal numbers of left- and right-convexed curves, 
and the progression rate for the left-convexed curves was 
significantly (P<.4) higher. The L3 vertebra was the most 
common apical vertebra.

In multiple studies, lateral listhesis of more than 5 
mm has been found to be prognostic for curve progres-
sion.13,24,26 The L3 and L4 vertebrae were most likely to 
have lateral listhesis. Grubb and Lipscomb13 noted an 89% 
incidence of L3 or L4 lateral listhesis in 55 patients, and 
Pritchett and Bortel24 noted a 39% incidence, also at L3 or 
L4. Curve progression was noted in all cases. These find-
ings are similar to ours—that 54% of patients had lateral 
listhesis at L3 or L4 and that their progression rate tended 
to be approximately 2 times that of the patients without 
lateral listhesis.

Our data demonstrated that progression is not limited to 
curves of more than 30°. Robin and colleagues25 conducted 
a follow-up study of 554 patients (age range, 50-84 years) to 
determine presence, appearance, and progression of scolio-
sis in the elderly and the relationship of scoliosis to osteo-
porosis and back pain. These 554 patients were a subset of 
3600 patients who had been examined 7 to 13 years earlier. 
Seventy percent of patients had scoliosis; 30% had curves of 
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“...our data suggest that any lumbar scoliotic curve that is 
undergoing radiographic degeneration can progress and,  
therefore, that patients who present with symptomatic curves 
should be followed.”
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10° or more. Fifty-five (10%) of the 554 patients developed 
de novo scoliosis during follow-up. No curve was more than 
20°. Forty-six percent of patients had curve progression. 
Mean progression was 7° (range, 3°-18°) for curves of 10° 
or more. Robin and colleagues25 observed development of 
de novo curves and progression in low-magnitude curves, 
but they found no relationship between progression of sco-
liosis and osteoporosis, between scoliosis and back pain, or 
between scoliosis and degenerative changes.

Curve magnitude at presentation might affect progres-
sion rate, particularly for curves of more than 30°. In the 
200-patient study conducted by Pritchett and Bortel,24 
curves ranged from 14° to 60° (mean, 24°), and 43 
patients had curves of more than 35°. Forty-one patients 
had follow-up radiographs over 10 years, and 73% of 
curves progressed a mean of 3° per year. All curves of 
30° or more showed progression. In the present study, 
smaller curves had a lower progression rate. Twenty 
of 24 curves progressed at a combined rate of 2° (SD, 
0.9°) per year, and curves of 15° or more showed an 
increased trend for progression. However, progression 
was unpredictable. We noted it in curves as small as 3°, 
and yet some larger curves did not progress. Although a 
curve of 3° might not even be considered a true curve in 
a symptomatic patient, all curves start out as a low-mag-
nitude curve, and a 3° curve today might be a 31° curve 
in a few years.

Location of the intercrestal line between or below the 
L4–L5 disc space has been considered a risk factor for 
progression.24,26 Pritchett and Bortel24 noted that, of the 
41 patients followed in their study for more than 10 years, 
all those who did not have curve progression had an inter-
crestal line that passed through the L4 body. Sapkas and 
colleagues26 reported similar results in a study of 162 
women (mean age, 65 years) followed for 8 years (range, 
5-30 years). In the present study, curves progressed in 
patients with an intercrestal line through the L4 body, and 
there was a trend for a higher rate of progression in these 
patients compared with patients whose intercrestal line was 
below L4. The reason for this is unclear but speaks to the 
multifactorial etiology of curve progression. In addition, 
the intercrestal line probably should not be the sole deter-
minant of progression, and its location at L4 is not protec-
tive against progression.

Patients with degenerative lumbar scoliosis tend to have 
lumbar lordosis of less than 30°, but this might be an obser-
vation rather than a cause. Grubb and Lipscomb13 found 
that 17 (31%) of 55 patients with adult scoliosis had lumbar 
lordosis of 30° or less. Pritchett and Bortel24 noted a mean 
lordosis of 18°. In the present study, mean lumbar lordosis 
was 25° (SD, 3.5°). There was no significant difference in 
lordosis between larger and smaller curves. Loss of lordosis 
was more likely caused by advanced disc degeneration and 
loss of disc height and pain.

As the etiology of lumbar degenerative scoliosis is 
likely multifactorial, and it is difficult to adequately 
control for each variable, attempts to study the natural 

history are challenging. Therefore, the present study 
has some of the same limitations as other retrospec-
tive radiographic studies on the topic. We selected only 
symptomatic curves, so we cannot generalize to the risk 
for curve progression in patients with similar asymp-
tomatic curves. Although we found few interobserver 
differences in measurements, in some instances the rate 
of curve progression was small and might have been 
within the error of the Cobb measurements. Curves of 
less than 10° do not meet the SRS definition for true 
scoliosis, but we wanted to include curves of all degrees 
visible on standing radiographs, as would be observed 
in a clinic treating spinal disorders. The data showed 
that even symptomatic curves of less than 10° should be 
followed regarding risk for progression. Additional data 
points (eg, apical rotation, sagittal and coronal imbal-
ance) are arguably sequelae of degenerative scoliosis 
and not causes, but they could affect progression. We did 
not address these measurements in this study. Detailed 
clinical outcomes data were not included, as this study 
was focused on assessing the radiographic risk factors 
for curve progression. However, the majority of patients 
improved with nonoperative treatment, and only 25% 
of patients underwent surgery. Indications for surgery 
in this group were failure of nonoperative treatment for 
more than 6 months, disabling low back and leg pain, 
claudication, and curve progression. Finally, the rela-
tively modest sample size might preclude us from draw-
ing absolute conclusions from the data, but progression 
was noted in these smaller curves, and thus this study has 
value in raising awareness and, taken cumulatively with 
other studies, might allow more substantiated conclu-
sions to be drawn.

Despite these limitations, our study results showed that 
symptomatic patients with degenerative lumbar scoliosis 
are at increased risk for curve progression if they are 
female and older than 69 and have a left-convexed curve, 
L3 or L4 lateral listhesis of more than 5 mm, and an inter-
crestal line at or below the L4 body. Although we cannot 
propose an absolute curve magnitude that would reliably 
predict which curves will progress, our data suggest that 
any lumbar scoliotic curve that is undergoing radiographic 
degeneration can progress and, therefore, that patients 
who present with symptomatic curves should be followed 
(Figure). We recommend close clinical and radiographic 
follow-up of all patients with symptomatic degenerative 
lumbar scoliosis with the consideration that curve pro-
gression is unpredictable and might not be linear. These 
data should be considered when managing and counseling 
patients with degenerative scoliosis.
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