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The Prediction of Curve Progression in
Untreated Idiopathic Scoliosis during Growth™

BY JOHN E. LONSTEIN, M.D.%, MINNEAPOLIS, AND J. MARTIN CARLSON, M.S.§, ST. PAUL, MINNESOTA

From the Twin Cities Scoliosis Center, Minneapolis, and Gillette Children’s Hospital, 1. Paul

ABSTRACT: We reviewed the cases of 727 patients
with idiopathic scoliosis in whom the initial curve mea-
sured from 5 to 29 degrees. The patients were followed
either to the end of skeletal growth or until the curve
progressed. One hundred and sixty-nine patients (23.2
per cent) showed progression of the curve. The incidence
of curve progression was found to be related to the pat-
tern and magnitude of the curve, the patient’s age at
presentation, the Risser sign, and the patient’s menar-
chal status, We found no correlation between progres-
sion of the curve and the patient’s sex, Harrington
factor, rotational prominence, family history, or radio-
graphic measurements. A progression factor was cal-
culated using the three strongest correlations available
at initial examination: the magnitude of the curve, the
Risser sign, and the patient’s chronological age. A graph
and nomogram are presented that can serve as a guide
for advising patients’ families and for planning contin-
uing care.

With the institution and increasing use of school-
screening for the early detection of spinal deformities, a
large number of patients with idiopathic scoliosis but a min-
imum curve are being referred to the pediatrician, family
practitioner, or orthopaedic surgeon for care. A knowledge
of the factors that influence the prognosis in idiopathic sco-
liosis is therefore essential in evaluating these patients and
in planning an intelligent and rational treatment program.

Three important questions regarding prognosis need to
be answered: (1) How many of these minimum curves will
progress; that is, what is the incidence of progression? (2)
What identifiable factors are related to progression of the
curve? (3) Is it possible to use these factors to predict which
curve will progress and which will not? Only if these ques-
tions can be answered can a rational treatment plan be for-
mulated.

Literature Review

Few investigators have reviewed the prognosis of un-
treated mild idiopathic scoliosis. Duval-Beaupére pointed
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out that the progression of idiopathic scoliosis occurs at the
time of the most rapid adolescent skeletal growth, although
the exact incidence of progression has varied greatly in
different reported series. Brooks et al., in a review of 134
patients with untreated curves that were initially detected
by school-screening who were followed for an average of
twenty-one months, found that although 5.2 per cent of the
curves increased by 5 or more degrees, 22.4 per cent de-
creased by the same amount. Clarisse reported on 110 pa-
tients with idiopathic scoliosis who were followed during
growth and whose initial curve measured between 10 and
29 degrees. Without treatment, 35 per cent of these curves
progressed. Rogala et al., in their review of a school-screen-
ing program, followed 603 children for a minimum of two
years and found that 6.8 per cent had progression of the
curve; 2.1 per cent of the curves that were initially less than
10 degrees progressed, compared with 10.3 per cent of the
curves that were initially greater than 10 degrees; and of
fifty-two skeletally immature patients whose curve was ini-
tially between 20 and 30 degrees, 78.8 per cent had pro-
gression. Fustier reviewed the cases of 100 patients whose
initial curve was less than 45 degrees; of seventy children
whose curve was initially less than 30 degrees, 56 per cent
had progression. Bunnell, in a recent review of the cases
of 326 patients, showed that of the curves that were initially
between 20 and 30 degrees, 20 per cent showed progression.
The authors of three of the cited series calculated the rate
of progression for different curve patterns (Table I).

There has been fairly good agreement in the literature
concerning the factors that appear to be related to curve
progression in idiopathic scoliosis: the pattern of the
curve™** age™*, and maturity as determined by whether or
not menarche has been reached™* and the Risser sign. The
factors that have not been proved to be related to progression
are the flexibility of the curve®, sagittal deformity, lumbo-
sacral abnormalities, and alignment of the trunk®. Other
factors are still controversial, in that some studies have
shown a relationship between progression and the patient’s
sex**!*_ family history™"*, and magnitude of the curve®**'*
while other studies have not.

It obviously would be very beneficial if the treating
physician could accurately predict which curves will pro-
gress, and various approaches have been tried. Schultz et
al. proposed that the morphology of the spine is related to
progression, in that relative slenderness of the spine was
more common in progressive curves. Redford et al., using
electromyography of the paraspinal muscles, reported a dif-
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TABLE |
INCIDENCE OF CURVE PROGRESSION IN THREE REPORTED SERIES

No. of Msg:ii‘:dgfof Percentage of Curves that Progressed
Series Patients the Curves Double Thoracolumbar Thoracic Lumbar
{Degrees)
Clarisse 110 10-29 67 47 42 12
Fustier 100 < 45 75 69 54 25
Bunnell 326 9-100 27 27 44 18

ference in the findings between progressive and non-pro-
gressive curves. Ponte proposed using specific values for
rotational prominence as a determinant of progression, and
Armstrong et al. stated that non-standard vertebral rotation
(rotation of the spinous process to the convexity of the curve)
is related to a low risk of progression. Each of these studies,
however, consisted of a single report, and no subsequent
confirming studies have been published.

Materials and Methods

To investigate the factors that are related to progression
of idiopathic scoliosis and the intriguing possibility of being
able to use them to predict the prognosis in a specific patient,
a study was undertaken at the Twin Cities Scoliosis Center
(Fairview Hospital, Minneapolis, and Gillette Children’s
Hospital, St. Paul, Minnesota). The information on all ju-
venile and adolescent patients with idiopathic scoliosis who
were seen between 1970 and 1979 was reviewed using the
computerized data-base maintained at the Center. The cri-
teria for inclusion in the study were: (1) a diagnosis of
idiopathic scoliosis, (2) an initial standing anteroposterior
or posteroanterior radiograph showing scoliosis of 29 de-
grees or less, and (3) follow-up to skeletal maturity as shown
by a Risser sign of 5 or until progression of the curve had
occurred,

An accurate definition of progression is important.

Some authors have defined it as a 5-degree™** or 10-degree’

12- 19.82

13- 24.5%

increase in a curve, irrespective of the magnitude of the
curve. In this series a clinical definition was employed, using
the same criteria as those used to institute a non-operative
treatment program such as bracing or transcutaneous elec-
trical stimulation. The criteria for progression were: (1) an
initial curve of 19 degrees or less that increased at least 10
degrees, with the final curve being greater than 20 degrees
(for example, a 15-degree curve that increased to 25 degrees
or a 7-degree curve that increased to 20 degrees), and (2)
an initial curve of between 20 and 29 degrees that increased
by § degrees or more.

A total of 727 patients fulfilled these criteria. The ma-
jority of the patients were initially seen between 1974 and
1979, as a result of the Minnesota statewide school-screen-
ing project’. There were 575 girls (79 per cent) and 152
boys (21 per cent). Three hundred and thirty-eight (59 per
cent) of the girls had passed the menarche by the time of
the first evaluation. The distribution of the chronological
ages of the total group is shown in Figure 1.

The chart and radiographs were reviewed for each pa-
tient, noting sex, age at first visit, curve pattern, menarchal
status at first visit, curve magnitude, Risser sign, and length
of follow-up. Multiple measurements were made on the
radiographs for biomechanical analysis (Figs. 2-A and 2-
B). The initial standing anteroposterior radiograph was eval-
uated. The curve pattern was classified as single (thoracic,
thoracolumbar, or lumbar), double (double thoracic, double

10- 4.1X

9 OR LESS- 2.5%

14- 19.5%

FiG.
Distribution of the ages of the 727 patients.

15 OR MORE- 20.8X
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thoracic and thoracolumbar, or double thoracic and lumbar),
or multiple (three curves or more). When there was more
than one curve no effort was made to differentiate major
from the compensatory curves; all of them were considered
in the classification of the curve pattern. The distribution
of curve patterns in the total group is shown in Figure 3.
The magnitude of the initial curve was measured (when
multiple curves were present, the magnitude of the largest
one was used), and the magnitudes were divided into 5-
degree groups (Fig. 4). The distribution of the Risser sign
in the 727 patients is shown in Figure 5. The information
on the total population was analyzed, and the patients were
divided into two subgroups: those who showed progression
of the curve and those who did not. We then compared the
subgroups using computer analysis of single or multiple
factors, mathematical interrelations, or biomechanical fac-
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tors singly or in combination, to determine if any of these
analyses could predict which curves would progress.

Results
Progression of the Curves

One hundred and sixty-nine (23.2 per cent) of the 727
patients had progression of the curve. Seventy-eight (10.7
per cent) showed an improvement in the curve of 5 degrees
or more between the initial visit and the final follow-up.
When compared with the total group, the patients who had
improvement were less mature (57 compared with 40 per
cent had a Risser sign of zero) and a larger percentage had
a curve of less than 15 degrees (53 compared with 37 per
cent). Only two patients whose initial curve was less than
5 degrees had progression, both to more than 20 degrees
and both requiring bracing. Only 131 (78 per cent) of the

FiG. 2-B

" Il:"'igai. 2-A and 2-B: The following equations were calculated at the fifth thoracic, tenth thoracic, and third lumbar vertebral levels: F/LY; F'S/L?, and
i

Fig. 2-A: Measurements made on the anteroposterior radiograph. 1. Horizontal distance from the center of the first thoracic vertebra to the vertical
plumb line. 2. Horizontal distance from the center of the first cervical vertebra to the vertical plumb line. 3. Horizontal distance from the center of the
twelfth thoracic vertebra to the vertical plumb line. 4. Relationship between a vertical line drawn down the lateral thoracic margin and the lateral
margin of the ilium. 5. (F) Frontal diameter of the middle of the vertebral body measured at the fifth and twelfth thoracic and third lumbar vertebrae.
6. (L) Vertical distance from the middle of the inferior plate of the fifth thoracic vertebra to the middle of the inferior plate of the third lumbar vertebra.
7. Vertical thickness of. the midline of the discs between the seventh and eighth thoracic, eighth and ninth thoracic, second and third lumbar, and third
and fourth lumbar vertebrae. 8. Lateral deviation from the midline of the middle of the seventh thoracic vertebra: the apex of the thoracic curve and
the apex of the lumbar curve. 9. Angle of tilt from the horizontal of the inferior plate of the third lumbar vertebra, 10. Mehta angle measured at the
apex of the thoracic curve.

Fig. 2-B: Measurements made on the lateral radiograph. 1. (S) Sagittal diameter of the vertebral body measured at the inferior half of the fifth and
tenth thoracic and third lumbar vertebrae. 2. Position of the superoanterior border of the sixth thoracic vertebra with respect 1o the superoanterior border
of Ihl; first sacral vertebra. 3. Deviation of the center of the seventh thoracic vertebra from a vertical line drawn through the center of the first sacral
vertebra.
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FiG. 3
Distribution of the patterns of the curves in the 727 patients.
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Distribution of the magnitudes of the curves. in 5-degree groupings, in the 727 patients.
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Distribution of the Risser signs in the 727 patients.
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The incidence of progression for each of the curve patterns. The numbers to the right of the bars indicate the numbers of patients with each pattern,

and the numbers in parentheses indicate the percentages that progressed.

169 patients whose curve progressed were actively treated.
Eighty-five wore a Milwaukee brace (cervicothoracolum-
bosacral orthosis); thirty-five wore an underarm (thoraco-
lumbosacral) orthosis; ten had electrical stimulation; and
one had surgical treatment. Although the curves of the re-
maining thirty-eight patients showed progression, they did
so at a very slow rate, and the compensated curves were
less than 40 degrees at skeletal maturity, so no treatment
was necessary. Thus, only 131 (18 per cent) of the 727
patients required treatment. The range of follow-up for the
patients whose curves did not progress was twelve to eighty-
eight months (average, 25.5 months) and for those whose
curves did progress the range was three to eighty-four
months (average, 13.6 months). If the thirty-cight patients

who were not treated are excluded, the range of follow-up
for the curves that progressed and required treatment was
three to eighty-four months (average, 11.9 months). The
rate of progression for the curves that did not require treat-
ment was 0.3 degree per month, while it was 0.8 degree
per month for the curves that progressed and required treat-
ment. In addition, the patients whose curves progressed but
did not require treatment were more mature than those who
required treatment (55 per cent compared with 17 per cent
had a Risser sign of 2, 3, or 4), and they had a larger
average initial curve (28 compared with 17 degrees).

Single Factors

Sex: Twenty-seven boys (I8 per cent) and 142 girls

Z
40
O 404
%)
o 34
o
o 30 4
(@]
o
o
w 201 7
O
i 12
(&)
Zz 101 .
w
=
O
E T | 1 T L
R 5-9 10-14 15-19 20-24 25-29

CURVE MAGNITUDE

Fic. 7

Graph showing the incidence of progression related to the magnitude of the curve. There is a marked increase in the incidence of progression for

the curves between 20 and 29 degrees. The numbers next to the data points indicate the per cent of curves that progressed.
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Graph showing the incidence of curve progression related to the age of the child when first seen. The incidence gradually decreased as the patients’
ages increased. The numbers next to the data points indicate the per cent of curves that progressed.
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‘Graph showing the incidence of curve progression related the patient’s Risser sign when first seen. The incidence markedly decreased when the
Risser sign was 2 or more. The numbers next to the data points indicate the per cent of curves that progressed.

(25 per cent) showed progression of the curve. This differ-
ence was not statistically significant.

Curve pattern: The incidence of progression was found
to differ for the different curve patterns, with more double
curves progressing (27 per cent) than single curves (17.6
per cent) (Fig. 6). With double curves, the question must
be asked: is progression more likely to occur in one or both
curves? In the forty-four patients with a double thoracic and
lumbar curve that progressed, the thoracic component pro-
gressed in eleven (25 per cent); the lumbar component, in
nineteen (43 per cent); and both components, in fourteen
(32 per cent). In the thirty-five patients with a double tho-
racic and thoracolumbar curve, the thoracic component pro-
gressed in eleven (31 per cent); the thoracolumbar com-
ponent, in fourteen (40 per cent); and both components, in
ten (29 per cent).

Magnitude of the curve: The greater the magnitude of
the initial curve, the more likely it was to progress (Fig.
7). There was a threefold increase in the percentage of
patients who had progression when the initial curve was
greater than 20 degrees. The average initial non-progressive
curve was 15 degrees, compared with an average initial
progressive curve of 19.7 degrees.

Age: The incidence of progression decreased with in-
creasing chronological age (Fig. 8). However, it was not
possible to correlate progression with bone age because an
insufficient number of patients had had the radiograph of
the hand that is required for determination of bone age.

Risser sign: The incidence of curve progression de-
creased as the initial Risser sign increased (Fig. 9). Thirty-
six per cent of the patients with a Risser sign of zero or |
had progression of the curve, whereas 11 per cent of the
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TABLE Il

INCIDENCE OF PROGRESSION AS RELATED TO THE
MAGNITUDE OF THE CURVE AND THE RISSER SIGN

Percentage of Curves that Progressed

Risser Sign 3 to 19-Degree Curves 20 to 29-Degree Curves
Grade 0 or | 22 68
Grade 2, 3, or 4 1.6 23

patients whose Risser sign was 2, 3, or 4 had progression.

Menses: Information as to whether or not menarche
had occurred by the time of the initial visit was available
for 647 (89 per cent) of the girls in the study. Menarche
had occurred in 379 (68 per cent) of the girls with a non-
progressive curve but in only fifty-four (32 per cent) of those
with a progressive curve.

Harrington factor: The Harrington factor, which is
calculated by dividing the magnitude of the curve by the
number of vertebrae in the curve, was determined for all
curves at the patient’s initial visit. It averaged 2.7 in the
non-progressive curves and 3.4 in the progressive curves.
This difference correlated with the slight difference between
the average initial curve in the two groups.

Rotational prominence: The rotational prominence was
determined for the different curve patterns, and then com-
pared for the progressive and non-progressive curves. No
significant difference was found.

Family history: The incidence of scoliosis in a parent
or sibling was compared in the progressive and non-pro-
gressive groups, and no significant difference was found.

Multiple Factors

Using the positive correlations that were found between
progression of the curve and the pattern and magnitude of
the curve, chronological age, the Risser sign, and the onset
of menses, cross correlations were calculated in an attempt
to determine if a combination or combinations of these fac-

Number of Patients

np

tors could aid in the prediction of which curves would show
significant progression and which would not.

Risser sign and magnitude of the curve (Table I1): There
was a greater incidence of progression of the curve in pa-
tients with an initial Risser sign of zero or | compared with
those with a Risser sign of 2, 3, or 4. In addition, the
incidence of progression was definitely less when the initial
curve was 19 degrees or less than it was when the initial
curve was 20 to 29 degrees. The curves of 19 degrees or

TABLE 111

INCIDENCE OF PROGRESSION AS RELATED TO THE MAGNITUDE
OF THE CURVE AND THE AGE OF THE PATIENT WHEN FIRST SEEN

Percentage of Curves that Progressed*

Age When
First Seen 5 to 19-Degree Curves 20 to 29-Degree Curves
(Yrs.)
10 and younger 45 (38) 1007 (10)
11to 12 23 (147) 61 (61)
1310 14 8 (201) 37 (119)
15 and older 4 (67) 16 (84)

* Numbers in parentheses indicate the number of patients in each

group.
+ Note that this figure of 100 per cent is based on only ten patients.

less in patients with a Risser sign of 2, 3, or 4 had only a
1.6 per cent incidence of progression, while the curves of
20 to 29 degrees in patients with a Risser sign of zero or |
showed a markedly increased incidence of progression of
68 per cent,

Age when first seen and magnitude of the curve (Table
IIT): The incidence of progression as related to the magnitude
of the curve and chronological age is shown in Figures 7
and 8. All of the curves of 20 degrees or more in children
who were ten years old or younger when first seen showed
progression, but these ten patients were a very small per-
centage of the total group. The patients were divided into
the four age-categories of ten years old and younger, eleven

—

Ay
Progression Factor

FiG.

10

Ideal graphs using a progression factor for prognosis of non-progressive (np) and progressive (p) curves. At a progression factor of A, the majority
of the progressive curves were identified. with only a small number of false-negative predictions {shaded area).
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and twelve, thirteen and fourteen, and fifteen and older, and
the age was correlated with the magnitude of the curve
(Table II). In a child who was twelve years old or younger
an initial curve of 20 to 29 degrees had a 61 per cent chance
of progression, while in one who was fifteen or older a
curve of less than 19 degrees had a 4 per cent chance of
progression.

The factors that showed a positive correlation with
progression were analyzed in terms of individual curve pat-
terns, as shown in Figures 7, 8, and 9. As the number of
patients with some curve patterns was small, obviously those
graphs were less characteristic.

Prognostication

We analyzed the described factors and the radiographic
measurements both manually and with the aid of a computer.
Prediction factors were developed and calculated for each
patient to predict whether the curve would progress or not.
The predicted outcome with each factor was then compared
with the actual outcome. The cases of all of the patients
were thus analyzed and a grid was obtained for each factor
(Table IV). Four outcomes were possible: (1) the prediction
of a progressive curve was correct; (2) the prediction of a
non-progressive curve was correct; (3) the curve was pre-
dicted to be progressive, but actually was non-progressive
(a false-positive outcome); and (4) the curve was predicted
to be non-progressive, but actually was progressive (a false-
negative result). Clinically, a false-negative prediction can
be acceptable if the patient is followed and treated promptly
when progression occurs. If treatment is based on a false-
positive prediction, however, the patient may be over-
treated by bracing a curve that would not have progressed
without treatment.

When multiple factors, the biomechanical measure-
ments, or formulae were used to predict progression, there
was always a significant number of false-positive results.

np

Number of Patients

However, if the value of the factors was changed to reduce
the number of false-positive predictions, the number of
false-negative predictions increased and the predictive abil-
ity was no better than that calculated by analyzing the simple
relationships with age and the Risser sign (Tables II and
IIT). This is due to the great variability that actually occurs
in a clinical situation. An ideal predictive factor (Fig. 10)
would be one with which, at value A,, the majority of
progressive curves would be identified, with only a small
number of false-negative predictions. In actuality (Fig. 11),
the two graphs overlap so that at point A, only a small
number of progressive curves are identified, and there are
a large number of false-negative predictions. If a progression

TABLE IV

GRID FOR COMPUTER EVALUATION OF THE
INCIDENCE 0OF CURVE PROGRESSION

Actual Computer Prediction of Outcome
QOutcome Non-Progressive Progressive
Non-progressive Correct False positive
Progressive False negative Correct

factor of B, is used to increase the number of progressive
curves that are identified, the number of false-positive pre-
dictions becomes even greater (Fig. 11). It appears that with
the data available it is impossible to predict with total ac-
curacy which curve will progress and which will not. It is
possible to determine the likelihood of progression at the
initial examination, but only in a very general manner (Ta-
bles II and IIT). We calculated a progression factor by using
only those factors that had a high correlation with progres-
sion: the magnitude of the curve (Cobb angle), the Risser
sign, and chronological age:

Cobb angle — 3 X Risser sign

chronological age

Progression factor =

By By

Progression Factor

FiG.

11

Overlapping graphs obtained in this series, using a progression factor for prognosis of non-progressive (np) and progressive (p) curves. At a progression
factor of A, only a small number of progressive curves were identified, but if factor B, was used to increase the number of progressive curves that
were identified, there were a large number of false-positive results — that is, non-progressive curves that were classified as progressive (shaded area).
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This progression factor was initially culeulated for the curves
that were between 20 and 29 degrees. For each progression
factor the percentages of curves that progressed were used
as Jata points to constreet a curve (Fig. 12). The data points
thar indicated a low chance of progression were based on a
farge number of patienis but those on the upper end of the
curve were caleulated from a small number of patients.
When we psed the same formula for curves of 19 degrees
o less there was such a large scatter in the data points that
it was impossihie to draw an averaging cvrve.

Using the deseribed data for curves between 20 and 29
degrees, we constructed a nomogram (Figs. 13-A and 13-
B). Using the variables of Cobb measurement, Risser sign,
and chrenological age., the progression factor could be read
from the graph as well as the percentage incidence of pro-
pression of the curves with that factor.

Discussion

School-screening has resulted in a large number of
patiems with minimum idiepathic scaliosis being seen for
evaluation and treasment. A knowledge of the natwral history
of these curves is essential in planring 4 treatment program.

1069

portant (Table V). Except for the series of Ponseti and
Fricdman and that of Bunnell, the patients in the swdies
bad minimum curves. This wide varistion in the incidences
of the different types of curves represents either a different
definition of each curve pattern (especially double curves)
or regiomal, ethoic, or genelic differences, annther mani-
festation of the multifactorial nature of idiopathic scoliosis.

Seventy-cight (10.7 per cent) of ihe patients in our
series showed spontaneaus improvement over Hime withoul
weatment, a finding Ihad agrees with that of ather studies,
These patients tended to be Jess mature and (o have sialler
curves {less than |5 degrees) compared with the rest of the
serics. An unexpected finding was that thiny-cight of the
169 patiends who had & progressive curve did not require
Ireatment, as they were already skeletally mature when the
progression was found. In sddition, the rate of progression
differed sipoificantly in these 169 patients, wilh some curves
showing slower progression, and the patients who did not
Tequire freatment were on the average more mature and had
Jarger curves. It must be asked, however, whether these
curves are really stable or whether they will show continued
progression afier the cessation of skeletal prowth, Further

Our over-all i of curve p of 23.2
per cent is simifar 1o that of ciber published reports. As
there was a great vanakility in the curves of the patients in
the different series, however, compurisons are difficult.
Alsa, the definition of progression, the rnges of the mag-
nitwdes of the curves, and the bengths of follow-up have all
varied. As the incidence of progression depends on the
location and pattern of the curve, the percentages of the
differest curve patieras in these published series are im-

% Incidence of Progression

063588$3883

3
6 8

p and evall af ihese paticnis s planned.
Several fuctons definitely comrelated with the incidence
of progression. The four-to-one rutio of girls 10 boys in our
1otal series differs from that in school-sereening |, indicating
that fewer boys were refermed Tor evalealion. Even though
the incidence of progression in gisls was anly shghtly higher
than it was ia boys (25 compared with 18 per cont), if this
study had sccurately represented he ncidence in the
sereened school population a mere significant difference

fi

§ S VS " Y N Y Y N N B
10 12 ¥4 % 1B 20 22 24 26 2B 30

Progression Factor
Fis, 12
Graph showing the incidence of grogression scoording o the progression Tacioe, which is calewlased by the formala:
Cokh angle = 3 « Risser sign
T chaomological ape
for carves between 31 und 39 deprees. The members mext to the data potnts idicate the number of tanves thal the data potnt is based ce, and =
vernging curve is dras. Note that the data poinis ai the upper end of he graph s hased on a vl namber of surves
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TABLE V
DhsTRIBUTION OF CURVE PATTERNS IN SEVEN REPORTED SERIES

Curve Pattern (Per cent)

No. of
Series Patients Thoracic Lumbar Thoracolumbar Double
Ponseti and Friedman 335 22 26 16 36
Clarisse 110 28 39 14 19
Rogala et al, 1222 30 15 40 15
Fustier 100 25 25 17 33
Bunnell 326 43 8 16 35
Willner and Udén 474 12 3l 13
Present series 727 31 11 10 48

might have been found.

There was a difference in the rates of progression as
related to curve pattern, particularly in double curves, as
has been described in other studies (Table I). The differences
probably represent the different populations of these series
as well as differences in the definition of specific patterns,
especially the double pattern.

A definite relationship was found between the inci-
dence of curve progression and three factors (Figs. 7, 8,
and 9). There was a direct relationship between the incidence
of progression and the magnitude of the curve, and an in-
verse relationship with chronological age and the Risser
sign. The importance of chronological age was confirmed
by the fact that 32 per cent of the girls with a progressive
curve and 68 per cent of those with a non-progressive curve
had reached menarche by the time of the first visit,

Other factors (Harrington factor, rotational promi-
nence, and family history) did not correlate with the inci-

Chron. Ag
Lopn 4, 3
77

©°
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& &

E p— p,
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6 810121 |6 18202224 262830
FiG, 13-A

Nomogram devised using the formula:
Cobb angle — 3 x Risser sign

rogression factor = -
b chronological age

and the progression curve shown in Fig. 12.

dence of progression. Multiple factors were analyzed
(Tables Il and III), and Table Il shows that the clearest
interrelation was with the Risser sign and curve magnitude,
The figure for curves of more than 20 degrees in immature
patients correlates with that of Rogala et al., who found that
in an immature patient a curve between 20 and 30 degrees

I T Y 1 O I YO |
6 8 101214 16 18202224 262610

Lol i
302826 24 2220

Cobb Angle

g
i0

%Incidence of Progression

= 70
-1 60

FiG, 13-B

Nomogram constructed for an eleven and one-half-year-old child with
a 26-degree curve and a Risser sign of 1. A vertical line (1) is drawn from
the Cobb angle to intercept the Risser-sign lines, and a horizontal line (2)
is drawn from the intersection of this vertical line and Risser sign |
(R=1). Another vertical line (3) is drawn from the intersection of line 2
and the chronological age of 11.5, and extended to intersect the progres-
sion-factor graph. At the intersection of line 3 and the graph curve. a
horizontal line (4) is drawn to the incidence-of-progression axis and the
value (85 per cent) is read off. This indicates that there is an 85 per cent
chance that the curve will progress,

had a 78.8 per cent chance of progressing. Bunnell found
that in 68 per cent of his patients who had a Risser sign of
zero the curve progressed 10 degrees or more.

The question of whether it is possible to use these
factors to predict which curve will progress is most intrigu-
ing. However, we could not make accurate predictions using
single or multiple factors or equations due to the high per-
centage of false-positive results. Using the factors that had
the highest correlation with progression, a graph was con-
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structed using the formula:

Cobb angle — 3 X Risser sign
chronological age

progression factor =

for curves between 20 and 29 degrees (Fig. 12). The curve
was based on only 268 patients, and the data points for the
upper end of the curve were based on few patients, making
it far less accurate than the lower end of the curve. Using
the nomogram shown in Figures 13-A and 13-B, the inci-
dence of progression in a specific curve can be determined.
However, the nomogram does not take into account the
location of the curve, the patient’s sex, or menarchal status,
which are other important factors in decision-making. We
must stress that the use of the nomogram is to advise the
family as to the chance of progression, not to help to decide
whether treatment is indicated or not.

The nomogram can be used in conjunction with Table
II in planning continuing care. If there is a high chance of

progression, close observation with radiographs at three or
four-month intervals is indicated. If the chance of progres-
sion is less, the observation can be at six-month intervals,
After a follow-up of twelve to eighteen months, and es-
pecially after menarche, the incidence of progression is
lower, and thus less frequent evaluations are necessary.
This study has pointed out the factors related to pro-
gression of small idiopathic scoliotic curves. These factors
and the resulting nomogram may help in the decision-mak-
ing process, especially when advising the family and in
planning continuing care. Further study with an expanded
series is necessary to more accurately relate the factors to
the pattern of the curve. Striving to identify a prognostic
progression factor must continue, with clarification of the
natural history of the small idiopathic scoliotic curve.
Nore: The authors wish to thank Dr. David 8. Bradford, Dr. Jack K. Mayfield, De. Jobn H,
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