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ABSTRACT

We studied standing anteroposterior roentgenograms
from 140 scoliosis patients and obtained a correction
equation for body height by Cobb angle. This equation
is applicable to patients with a double curve or special
curve pattern as well as patients with a single curve.
The repeatability of the method examined with this
equation was higher than that with the previous
correction method for body height by Cobb angle, and
the difference between the corrected values and the
measured values was small. Therefore, this method is
considered to be more reliable.
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the treatment of scoliosis. Generally, this will be
evaluated by the ratio of predictive vital capacity
calculated from both vital capacity (VC) and body
height. However, a correction of body height is
required when considering a curved spine in scoliosis
patients. We studied a correction method for body
height in scoliosis patients using a simple
roentgenogram, and verified the rationality of the
previous correction method.

MATERIALS AND METHODS

Standing anteroposterior (A-P) roentgenograms of 140
scoliosis patients (idiopathic 131, other 9 symptomatic
patients) who visited our scoliosis clinic were studied.
Congenital scoliosis was excluded (Table 1). Their
mean age was 14.0 years (11 to 21), and the average
Cobb angle of the largest curvature of each patient was
51.8° (19 – 112). According to the definition of the
Scoliosis Research Society (SRS),8,9 there were 113
patients with a single curve and 27 patients with a
double curve (Figs. 1, 2). Standing A-P roentgenograms
were taken at a 2-m distance. The roentgenogram

INTRODUCTION

Restrictive pulmonary impairments accompanied by
scoliosis progression are one of the major problems in
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Figure 1 The histogram of Cobb angles of main curves.

Figure 2 The histogram of patients by age.

▼

20 40 60 80 100 (Cobb angle)

11 13 15 17 19 Age (y/0)

Single Curve
Double Curve

Single Curve
Double Curve

30

25

20

15

10

5

0

30

20

10

0



Vol. 8 No. 1, June 2000 Body height correction in scoliosis patients for pulmonary function test 21

magnification rate was less than 5% with this method,
and the magnification error was negligible. In the
frontal image each vertebral body was regarded as
square, and the intersection of catercorner in the
vertebral body was defined as the centre of the
vertebral body. Total length reaching the centre of the
superior margin of the sacrum from the centre of the
C7-vertebral body through each centre of the vertebral
bodies was defined as the spinal length (SL). The
vertical distance from the centre of the C7-vertebral
body to the centre of the superior margin of the sacrum
was defined as the spinal height (SH) (Fig. 3).
Difference between SL and SH was considered as a
correction value of body height (∆H). We then studied
it in correlation with Cobb angle. To exclude the effect
of Cobb angles, 55 patients with a single curve ranging
from 41° to 60° were studied ∆H in correlation with
kyphosis, vertebral rotation (Perdriolle),6 and SH. For
the measurement error of ∆H, we measured ∆H on 5
separate occasions in 50 patients at random.

Table 1
Diagnosis of patients

Idiopathic 131

Other
Marfan synd. 2
Neurofibromatosis 2
Syringomyelia 2
Down synd. 1
Arthrogryposis 1
Plader-Willi 1

Figure 3 (a) Determination of the centre of the vertebral
body. (b) Measurement method for spinal length (SL) and spinal
height (SH).

Figure 4 Correlation between ∆H and Cobb angle in single curve cases.

RESULTS

In studying 50 patients at random, the measurement
error of ∆H was 1.7 mm (p<0.01). In the study using
113 patients with a single curve, ∆H and Cobb angle
had strong correlation (r = 0.91), and it was suggested
that prediction of ∆H was possible from the Cobb
angles (Fig. 4). In studying 55 patients with Cobb angle
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ranging from 41° to 60°, ∆H did not correlate with
kyphosis angle, vertebral rotation, nor SH (Fig. 5).

In the study using 27 patients with a double curve,
∆H had a strong correlation with the sum of Cobb
angles in the upper and the lower curves (r = 0.95). It

Figure 5 Relation between ∆H and the following parameters (n=55)

was then suggested that prediction of ∆H was possible
from the sum of Cobb angles. The patients having a
single curve with a large compensatory curve are
distributed in a manner similar to that of patients with
a double curve (Fig. 6).

Figure 6 Observed a correlation between ∆H and sum of Cobb angles in patients with a double curve (•). Patients having a
single curve with large compensatory curve (o) are distributed in a manner similar to that of patients with a double curve.
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Table 2
A chart for height correction

X ∆H(mm) X ∆H(mm)

5 5 105 65
10 8 110 68
15 11 115 71
20 14 120 74
25 17 125 77
30 20 130 80
35 23 135 83
40 26 140 86
45 29 145 89
50 32 150 92
55 35 155 95
60 38 160 98
65 41 165 101
70 44 170 104
75 47 175 107
80 50 180 110
85 53 185 113
90 56 190 116
95 59 195 119

100 62 200 122

∆H = 0.6*X+2.6(mm)
X = ∑(Cobb-30)

= (Cobb1-30) + (Cobb2-30) +...+ (Cobbn-30)

As the prediction of ∆H was possible from the sum
of Cobb angles, we studied all the curves including
the compensatory and fractional curves. In the
previous correction equation,2,7 correction of body
height was not necessarily required in the case of a
small Cobb angle. Therefore, we studied the correlation
between total values and subtracted the fixed numbers
from each Cobb angle (∑(Cobb-A)) and ∆H. In the case
of A = 30, a strong correlation between ∑(Cobb-30) and
∆H was observed (R = 0.94). This suggested that ∆H
in all subjects could be predicted from this regression
(Fig. 7).

From these results, we obtained the following
correction equation for body height by Cobb angles:

Y = 0.6 * X + 2.6 (mm), X = ∑(Cobb-30) (Table 2)

In patients with a single curve, the corrected values
calculated from this equation showed less difference
from ∆H than those calculated from the previous
equation (Fig. 8).1,2,7

For example, the patient with a thoracic curve
shown in Figure 9(a) had a fractional curve at upper
and lower sites, resulting in ∑(Cobb-30)  = 34, and +23
mm in the corrected value of body height by our
equation. Another patient with a double curve shown
in Figure 9(b) had ∑(Cobb-30)  = 66, and +42 mm in
the corrected value of height.

Figure 7 Observed a strong correlation between ∆H and ∑(Cobb-30).
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Figure 8 Difference between measured and calculated
values (patients with a single curve, n = 113).

▼

Figure 9 (a) A case of single curve with fractional curves.
∑(Cobb-30) = 34, the measured value was 22 mm compared
to 23 mm at the calculated value. (b) A double curve case.
∑(Cobb-30) = 66, the measured value was 36 mm compared
to 42 mm at the calculated value.
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DISCUSSION

Respiratory function is generally evaluated with the
predictive values calculated from actual heights of
patients as the standard. In patients with scoliosis, due
to the shortness of height accompanied by spinal curve,
correction of body height is required for the
appropriate evaluation of respiratory function.

In 1965, Hepper et al. noted that height strongly
correlated to arm span.3 He published an evaluation
method for pulmonary function of kyphoscoliosis from
corrected height calculated from arm span. This
correction method for body height has been widely
available. But when using arm span, one should know
that the arm-span/height ratio is independent of both
age and sex.3,4 Especially as patient’s age is older, this
ratio become higher. Further, trunk asymmetry caused
by spinal deformity can result in falsely low values
for arm span.5 On the other hand, if the corrected height
is less than the actual height, we should evaluate a
respiratory function using the actual height. In patients

with scoliosis, as the body height is clearly shortened
because of spinal curvature, height correction by the
extent of spinal curvature is more reasonable and more
accurate than that by arm span.

In 1968, Bjure measured spinal height by frontal
roentgenograms in 62 patients with scoliosis and
reported the correction method for body height by
Cobb angle.1 Although the corrected values conformed
to our measured values relatively well (Fig.10), they
were not referred to roentgenogram magnification,4 the
definition of the centre of the vertebral body was
unclear, and the reproducibility of measurement was
uncertain. In addition, as their correction equation is
an equation with a logarithm, the error can also become
larger by increasing the Cobb angle.

In 1974, Hasegawa et al. directly scanned the
spinous process lines in 59 scoliosis patients with a
curve meter and determined a correction equation for
body height by Cobb angles.2 This equation is
frequently quoted in Japan. However, considering that
curves of spinous processes line do not necessarily

Figure 10 Measured values at this time and predict values from the previous correction equations of body height.
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conform to the curvature of the spine, and the
standardisation of thoracic kyphosis is unclear, this
method raises a question.

In 1983, Shimomura et al.7 determined a correction
equation with the same measurement method as Bjure
et al. Their correction equation was observed to
conform to our measured values only with cases of
less than 60° of Cobb angle, probably due to fewer
numbers with only 34 subjects.

Previous equation of body height correction by
Cobb angle can be applicable to patients with a single
curve, but not to patients with a double curve. There
was no clear standard method of body height
correction for patients with a double curve until now.
According to the mathematical method reported by
Vallbona et al. in 1969,10 the correction of double curve
might be possible. However, this method is
complicated for the calculation of corrected values and
is difficult to apply in clinically practical use. Likewise
previous equations require the distinction of curve
pattern whether it is single curve or double curve. But
in many cases, the distinction of the curve pattern is
difficult only with a standing roentgenogram.

The primary characteristic of our equation
introduced here is that height correction is possible in
special cases such as patients with a double curve and
triple curve, regardless of curve patterns. Our equation
needs only a standing A-P roentgenogram for body
height correction. As our equation is simple, it is
possible to easily correct the body height in the
evaluation of respiratory function. The reproducibility
of the measurement method is higher than that of other
height correction equations by Cobb angle. In addition,
considering the small difference between the corrected
values and the measured values, it can be said that
our equation is a more accurate correction equation.

CONCLUSION

We obtained a correction equation for body height by
Cobb angle. This equation is useful for adolescent
patients, who grow taller, especially when compared
with pre and postoperative results of a pulmonary
function test.
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