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Abstract The effectiveness of clinical measures to pre-

dict scoliotic progression is unclear. The objective of this

study was to identify potential prognostic factors affecting

scoliosis progression. Consecutive measurements (181)

from 35 non-instrumented adolescent idiopathic scoliosis

patients with at least two follow-up assessments were

studied. Potential prognostic factors of gender, curve pat-

tern, age, curve magnitude, apex location and lateral

deviation and spinal growth were analyzed. Stable and

progressed groups were compared (threshold: Cobb angle

C5� or 10�) with sequential clinical data collected in

6-month intervals. Double curves progressed simulta-

neously or alternatively on curve regions. Age was not

significantly different prior to and at maximal Cobb angle.

Maximal Cobb angles were significantly correlated to ini-

tial Cobb angles (r = 0.81–0.98). Progressed males had

larger initial Cobb angles than progressed females. Apex

locations were higher in progressed than stable groups, and

at least a half vertebra level higher in females than males.

Maximal apex lateral deviations correlated significantly

with the initial ones (r = 0.73–0.97) and moderately with

maximal Cobb angles (r = 0.33–0.85). In the progressed

groups, males had larger apex lateral deviations than

females. Spinal growth did not relate to curve progression

(r = -0.64 to ?0.59) and was not significantly different

between groups and genders. Scoliosis may dynamically

progress between major and minor curves. Gender, curve

magnitude, apex location and lateral deviation have

stronger effects on scoliosis progression than age or spinal

growth. Females with high apex locations may be expected

to progress.
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Introduction

A major concern of orthopedic surgeons in managing

adolescent idiopathic scoliosis (AIS) patients with a minor

curvature is identifying which curves will progress to

moderate or severe deformities requiring treatment [1, 3,

11, 16, 23]. Previous studies have indicated that various

factors have been associated with curve progression, such

as gender, age, curve pattern, curve magnitude, apex

location and growth velocity [4, 7, 9, 11, 13–15, 18, 20, 21,

25]. However, it is not clear to what extent they can be

used in predicting the course of the natural history of the

scoliotic curve [3, 16, 19, 24, 26].

When analyzing the progression of spinal deformities,

the use of larger or smaller time intervals and various time

points for different subjects can skew the progression or

growth velocities [9, 13, 26]. It may be more significant to

analyze the clinical data prior to the maximum and
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progressed data in time series data sets than the first clinic

visits randomly referred by orthopedic surgeons. Further-

more, the growth velocity of height is different from the

spinal growth velocity [13, 25, 26].

Literature also varies in how scoliosis progression is

defined, such as incremental Cobb angle (5� and 10�) and

the time spans of measurements for identification of pro-

gression [9, 10, 13, 15, 23]. This may have resulted in a

blinding or canceling of the significances of some prog-

nostic factors.

It is known that the progression of AIS spinal deformity

is non-linear with time and difficult to predict [13, 16, 20,

23, 25]. Therefore, the objective of this study was to detect

potential prognostic factors affecting scoliosis progression

and catch the on-set of progression, using consistent time

steps to remove this as a potential confounding variable.

Prognostic factors included gender, curve pattern, age,

curve magnitude, apex location and lateral deviation, and

spinal growth. Data at the onset and prior to the maximum

deformity and progression were analyzed for factors of age,

curve magnitude, apex lateral deviation and spinal growth.

It was hypothesized that spinal deformities of AIS patients

smoothly change with time.

Methods

Data acquisition

Data from 35 subjects with AIS [29 females and 6 males,

12.3 years (SD 2.3), range 8.6–17.2 years, Cobb angle

30.28 (SD 12.4�), range 10.1�–69.9� at the first visit] were

used for this study. Subjects were selected from the project

database (1997–2002) based on the following criteria: (1) a

diagnosis of AIS in patients older than 8 years, (2) no

instrumentation/surgery during consecutive measurements,

and (3) at least two successive follow-ups after the first

visit in the 6-month interval. Two standing whole spinal

posteroanterior (PA) radiographs at 0� and 20� angled

down were obtained for all patients at each visit. The

maximum number of available successive measurements

for any individual AIS patient was 10, and there were 181

consecutive measurements in total (Table 1). The Conjoint

Health Research Ethics Board approved all aspects of the

experimental protocol and all subjects gave their informed

consent.

A three-dimensional (3D) geometric model of the whole

spine was morphologically represented by linking each

vertebra in the thoracolumbar region (T1–L5). A 3D spinal

curve was represented by the line passing through the

centers of pedicles [2, 12]. The spinal curve was further

best fit with a third-order Fourier series with seven coef-

ficients [17].

Prognostic factors

The Cobb angle and apex lateral deviation were computed,

similar to the clinical measure (Scoliosis Research Soci-

ety), as the angle between perpendiculars to the spine curve

at inflectional points and the distance of apical point from

the vertical line from L5. The apex location was defined as

the convex/concave point of a primary curve. Spinal length

was the distance from the vertebrae T1 to L5 on the coronal

plane or in space. The computed Cobb angle was slightly

greater (13%) than the clinical Cobb angle, but was highly

correlated with it (r = 0.97) [22]. The inter- and intra-

observer variation of computed Cobb angle has been

reported at between 0.4� and 1.8� in the frontal plane

[6, 12].

Serial data of artificial grouping of the patients

Three sub-databases with three, four or five sequential

values were formed by extracting the respective serial data

Table 1 Distribution of curve patterns and genders of AIS subjects by visits and format of series data

Curve patterns Subjects Female subjects Visits Female visits Format of series dataa

Three data Four data Five data

Female Male Female Male Female Male

Left lumbar (LL) 3 2 16 7 3 7 1 6 0 5

Left thoracic (LT) 2 2 13 13 9 0 7 0 5 0

Left thoracolumbar (LTL) 1 1 10 10 8 0 7 0 6 0

Right lumbar (RL) 1 1 8 8 6 0 5 0 4 0

Right thoracic (RT) 11 7 28 28 14 13 7 9 3 6

Right thoracic and left lumbar (RT–LL) 17 16 75 75 43 8 27 7 15 6

Total 35 29 141 141 – – – – – –

a Three, four and five-series data indicate the number of time series data points
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from the foregoing database. All three-, four- and five-

serial data sets formed corresponding sub-databases. Each

sub-database was further divided into two groups, ‘stable’

and ‘progressed’, by a progression threshold of 5� or 10�.

This resulted in three sub-databases, each having one pair

of stable and progressed groups. Initial data were defined at

the time point prior to the maximal data for the stable

group, and at the time point before the progressed data for

the progressed group.

Data diagnosis

To study the prognostic factors that affect scoliosis pro-

gression, data of prognostic factors at the onset and prior to

maximal curvature and progression in serial data sets were

analyzed by comparing between two groups (i.e., stable vs.

progressed groups) of sequential data sets (i.e., three-, four-

and five-serial data). A student’s t test was used to compare

between groups, with a statistical significance level of

P \ 0.05. Relations between factors were determined using

Pearson’s correlation coefficient (r).

Results

In total, 111, 76 and 50 serial data sets were formed in the

three-, four- and five-serial data sets, respectively (Table 2).

Maximal incremental Cobb angles were 3.65� (SD 4.10�),

4.52� (SD 4.04�) and 4.79� (SD 3.91�) in the respective sub-

databases. Progressed AIS data sets comprised 35–46% of all

data sets at a progression threshold of 5�, while only 12–18%

sets were progressed at the 10� threshold.

Gender and curve pattern

As demonstrated in Table 2, AIS patients were predomi-

nantly female (66–75% in three sub-databases). Approxi-

mately, 30% of females showed a progression at the 5�

threshold compared to an average of 60% for males.

Approximately, 10% of females made a progression greater

than or equal to 10� compared to an average of 26% for

males. In females with a double curve, 42–47% progressed

at the 5� threshold, and 5–7% progressed at the 10�
threshold. All double curves had a major RT curve. Double

curves (RT-LL) did not consistently progress in the same

curve region (primary or minor) (Table 2).

Age

There were no significant differences for initial ages and

ages with maximal Cobb angle between stable and

respective progressed groups in three sub-databases for

both progression thresholds. Subject ages with maximal

Cobb angle in the progressed groups had a tendency to be

approximately 6 months older than the ones in the stable

groups, but this was not significant. In progressed groups,

male subjects were generally 6 months younger than

females, and in the case of the five-serial data sets at a

progression threshold of 5�, the finding was significant.

Curve magnitude

Initial Cobb angles in the stable groups in sub-databases of

three- and four-serial data sets were significantly different

from those in the corresponding progressed groups

(Fig. 1a). Maximal Cobb angles were significantly differ-

ent between all stable and progressed groups except in the

sub-database of five-serial data sets. Maximal Cobb angles

were significantly correlated to initial Cobb angles in both

stable and progressed groups (r = 0.81–0.98), moderately

correlated to age with initial and maximal Cobb angles in

the stable groups (r = 0.31–0.56 and 0.21–0.56, respec-

tively) and poorly in the progressed groups (r = -0.31 to

?0.36 and -0.27 to ?0.36, respectively). Initial Cobb

angles of females and males were significantly different in

the two progressed groups of three- and five-serial data sets

Table 2 Distribution of AIS subjects in sub-databases in database and progressed groups by gender, and for simultaneously and alternatively

progressed double curves (RT-LL)

Progression

threshold

Format Database Progressed group Progressed group/database Progressed double curve

(RT–LL)

Female

(F)

Male

(M)

F/(F ? M) Female

(F)

Male

(M)

F/(F ? M) F/F M/M (F ? M)/

(F ? M)

RT ? LL RT LL Total

Cobb angle 58 3-data 83 28 0.75 25 14 0.64 0.30 0.50 0.35 11 5 7 34

4-data 54 22 0.71 17 14 0.55 0.31 0.64 0.41 10 2 5 27

5-data 33 17 0.66 10 13 0.43 0.30 0.76 0.46 7 1 4 19

Cobb angle 108 3-data 83 28 0.75 7 6 0.54 0.08 0.21 0.12 1 3 2 7

4-data 54 22 0.71 6 6 0.50 0.11 0.27 0.16 1 3 2 7

5-data 33 17 0.66 4 5 0.44 0.12 0.29 0.18 1 2 2 6

RT right thoracic, LL left lumbar
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for the progression threshold of 10� (Fig. 1b), and the

initial Cobb angle in male subjects had a tendency to be

greater than in females (9�). The incidences of spontaneous

improvement were 18, 7 and 4% in the three sub-databases,

respectively. The most improved curves were RT–LL,

followed by RT, left thoracic (LT), LL and left thoraco-

lumbar (LTL) by 1.7�–5.4� between consecutive

measurements.

Apex location and lateral deviation

In 264 consecutive curves, curve regions were consistent

with time. Apex locations in the progressed group were

significantly higher (*1.2 vertebra levels) than those in the

stable group for the progression threshold of 5�. There was

a tendency for females to have higher apex locations (at

least half vertebra level) than males in the progressed

groups.

Maximal apex lateral deviations were significantly dif-

ferent between the stable and respective progressed groups,

but not for initial apex lateral deviations (Fig. 2a). Maxi-

mal apex lateral deviations were strongly correlated with

initial lateral deviations (r = 0.73–0.97) in all sub-dat-

abases, moderately correlated with maximal Cobb angles

(r = 0.33–0.78) in the stable groups and strongly corre-

lated (r = 0.77–0.85) in the progressed groups. Maximal

Cobb angles had moderate correlations with initial apex

lateral deviations in the stable groups (r = 0.36–0.79) and

in the progressed groups (r = 0.58–0.83).

In progressed groups, male AIS patients had larger ini-

tial and maximal apex lateral deviations and apex lateral

deviations at the initial and maximal Cobb angles when

compared to females (Fig. 2b), varying by 13 mm within a

95% confidence interval.

Spinal growth

Coincidental times with maximal spinal length in the

coronal plane were similar to those in space but not the

same as those with maximal Cobb angles (a variation of

9 months within a 95% confidence interval) and with

maximal apex lateral deviations (a variation of 7 months

within a 95% confidence interval). Spinal growth in the

coronal plane and in 3D had poor or fair correlations with

the curve progression in the stable groups (r = 0.0–0.38

and 0.09–0.43, respectively) and in the progressed groups

(r = -0.64 to 0.59 and -0.52 to 0.01, respectively). Also,

maximal spinal lengths on the coronal plane and in 3D

poorly correlated with maximal apex lateral deviations in

the stable groups (r = 0.08–0.43 and 0.03–0.32, respec-

tively) and in the progressed groups (r = 0.0–0.29 and

-0.07 to 0.2, respectively). There was no evidence for

significant differences in spinal growths in the coronal

plane and in 3D between genders in progressed groups.

Fig. 1 a Average initial and maximum Cobb angles in the stable (‘STAB’) and progressed (‘PROG’) groups. b Average initial Cobb angles by

gender in the progressed groups

Fig. 2 a Average initial and maximum apex lateral deviations in the stable (‘STAB’) and progressed (‘PROG’) groups. b Average initial apex

lateral deviations by gender in the progressed groups
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Discussion

The present study presented a retrospective review of AIS

patients from time series measurements at equal time

intervals (6 months). The AIS progression was defined as

an increase of at least 5� or 10� of Cobb angle in the

6-month interval within consecutive measurements. The

incidence of progression of serial data sets were 35, 41 and

46% in three sub-databases with a progression threshold of

5�, respectively, which were comparable to previous

reports of 68, 60 and 56% [4, 15, 24]. With a progression

threshold of 10�, the incidence of progression was 12, 16

and 18%, respectively, which were similar to other studies

(e.g., 5.0, 6.8 and 14.7%) [3, 18, 20]. The incidence of

spontaneous improvement of 18% in the sub-data of three-

serial data sets was similar to 22.0 and 27.4% reported in

literature [3, 20]. There were only 7 and 4% of improve-

ment incidence for four- and five-serial data sets in the

current study, respectively, which may be caused by the

long time interval (2 and 2.5 years) of consecutive mea-

surements when assessing the improvement in this study.

The resolved curves were primarily double curves, fol-

lowed by right thoracic curves.

There were no significant differences for initial ages and

ages with maximal curve magnitudes between stable and

respective progressed groups, suggesting that there was not

a direct linear relation between age and the incidence of

progression, similar to previous reports [10, 11, 16, 20]. It

was shown that AIS patients had greater curve magnitudes

and greater chance of progression with adolescent growth.

The present study also found that AIS males may progress

at similar or even younger ages than females, which had

not been noted in previous reports.

Scoliotic progression directly correlated to the magni-

tudes of initial scoliotic curve, the initial and maximal

Cobb angles were significantly different between the stable

and progressed groups, and the maximal Cobb angles

excellently correlated with the initial Cobb angles, similar

to previous reports [8, 14, 20, 21].

As reported previously [26], the current study found that

the major and minor curves of double curve RT-LL made

spinal deformity progressions simultaneously and alterna-

tively. In addition, curve regions were consistent with time,

varying within a quarter of one vertebral offset within a

95% confidence interval. These results may be individually

explained by the mechanical bulking theory [5]. AIS

patients with a higher apex location had a greater incidence

of progression, which was in agreement with previous

reports [1, 16, 24]. The finding that progressed females had

higher apex locations in the progressed groups may be a

factor for the high incidence of AIS among females.

Later curve progression had a strong correlation with

initial apex lateral deviation. However, initial and maximal

apex lateral deviations were not coincident with initial and

maximal Cobb angles. Thus, the scoliosis spinal deformity

may not be a pure mechanical bulking problem, and the

vertebral rotation with time should be considered. Both

Cobb angle and apex lateral deviation may be independent

factors for prediction of scoliotic progression.

Substantial height growth velocity may be caused

mainly by the rapid growth of lower limbs and partially by

spinal growth. The present study analyzed the spinal

growth, instead of using the height growth velocity as in

previous studies [13, 25, 26]. There were no linear relations

between maximal spinal length and maximal spinal cur-

vature (i.e., Cobb angle and apex lateral deviation). One

reason may have been that the vertebral rotation affected

the spinal deformities, which was reflected in the spinal

curvatures. High spinal growth velocity was not a clear

cause for high incidence of progression.

Conclusion

Scoliosis has a stable curve region, and progression may

dynamically occur between major and minor curve regions.

Gender, curve magnitude, apex location and lateral devi-

ation have stronger effects on scoliosis progression than

age and spinal growth. Substantial progression can be

expected from curves with high apex locations. Females

with high apex locations can be expected to progress even

with small initial curvatures (Cobb angles and lateral

deviations). Cobb angle and apex lateral deviation should

be simultaneously evaluated for scoliotic progression.

Torso twist and vertebral rotation may be prognostic fac-

tors for progression. Apex lateral deviations changed with

curve magnitudes and spinal growth, but curve magnitudes

did not always increase with spinal growth.
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