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Trunk rotation in scoliosis

The influence of curve type and direction in 150 children

Lars Samuelsson' and Lars NorénZ2

We compared the angle of trunk rotation (ATR) from
scoliometer readings with Cobb angle measure-
ments of the lateral deviation of the spine in 150 chil-
dren referred to hospital for evaluation of scoliosis.
The mean Cobb angle in thoracic curves was 16°, in
thoracolumbar curves 17° and in lumbar curves 20°.
In thoracic curves and in right convex curves no pa-
tient with a Cobb angle of 25° or more had an ATR
below 9°. In thoracolumbar and lumbar and in left
convex curves, 7° ATR was occasionally associated

with scoliosis of 25° or more. The correlation coeffi-
cient between the ATR and Cobb angle in right con-
vex curves was 0.65 compared to 0.57 in left convex
curves. We conclude that a criterion of > 7° ATR for
thoracic or right convex curves and one of > 6° ATR
for thoracolumbar and lumbar or left convex curves
seem adequate for identification of patients with
Cobb angles of 25° or more, which reduces the need
for spinal radiography and follow-up outside the
school screening programs.
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A valid, reliable and simple method is needed for spi-
nal screening programs for scoliosis to minimize
over-referral of children for orthopedic evaluation.
Available methods are based on different ways to
evaluate the associated trunk asymmetry which is
highly suggestive of scoliosis. The simplest method is
Adams’ forward-bending test (FBT) (1865) which
lately has been quantified by the angle of trunk rota-
tion (ATR) or inclination of Bunnell (1984). Tech-
niques like ultrasonic digitization (Letts et al. 1988),
tracing the contour of the shape of the back (Burwell
et al. 1983), Moiré photography (Willner 1984), com-
puterized video raster stereophotography (Stokes et
al. 1987) and ISIS scanning (Weizs et al. 1988) are
too complicated to use in a school spinal screening
program.

The optimum ATR for referral for orthopedic eval-
uation needs further investigation (Huang et al. 1988).
To establish spinal screening referral criteria with
special regard to curve type and direction, we evalu-
ated our 3-year experience of inclinometer measure-
ments of the ATR and the corresponding Cobb angles.

Subjects and methods

The study group consisted of 150 children who, after
a primary spinal school screening, were referred for
evaluation to the Scoliosis Unit at Orebro Medical
Centre Hospital between January 1993 and December

1995. There were 28 boys and 122 girls with a mean
age of 13 (6-19) years. All children were examined
by an orthopedic surgeon (LS) for scoliosis using an
inclinometer for measurement of the ATR (Bunnell
1984), and a posteroanterior standing radiograph of
the spine was taken.

The lateral deviation of the spine was measured by
a radiologist without knowledge of the ATR readings
(LN). We used the method of Cobb (1948) and the
curves were classified according to direction and type
into right or left convex thoracic, thoracolumbar, lum-
bar and double primary ones. We also used the Finn-
ish modification of the Bunnell inclinometer (Scoli-
ometer, Pedihealth ky, Oultu, Finland), which is an in-
verted U-shaped fluid-filled tube, with an air bubble
enclosed, which seeks the highest point of the tube
where the ATR can be read.

The angle of trunk rotation (ATR) was measured in
a standardized way, with the child in a standing for-
ward-bending position and the feet together, the knees
straight, the shoulders loose and both arms dangling,
without hands clasped or placed between the knees
(Stokes et al.1987). The child was instructed to con-
tinue to bend forward stepwise 4 times, making possi-
ble tangential measurements from behind at the upper
thoracic, midthoracic, lower thoracic and lumbar re-
gions. The measurements were repeated at least once,
with the patient standing erect between each set of 4
readings, until 2 consecutive ATR readings were the
same. The level and the highest degree of the ATR
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Clinical and radiographic data in 150 children screened for scoliosis

Cobb angle ATR Curve direction
Curve Number of  Mean
type children age mean  degree right  left r
Thoracic 102 12.6 16 8.3 90 12 0.61
Thoracolumbar 25 13.4 17 7.6 8 17 0.51
Lumbar 16 13.6 20 9.6 2 14 0.61
Double primary 7 14.4 26 11 7 7 0.88

r Corrslation of ATR and Cobb angle.

readings and the side of the corresponding rib hump
or lumbar prominence was recorded. Leg length ine-
quality was not compensated. Inclinometer readings
in the sitting forward-bending position were not
made.

Statistics

Continuous variables were tested with the Student’s t-
test—e.g., scoliometer readings. Fisher’s exact test
and z-transformation of correlation coefficients were
used to study the relationship between curve direction
and type. Multiple regression was used to study the
correlation between Cobb angles and scoliometer
readings and curve type. The measurement error of
the Cobb angles was estimated by one of the authors
(LN) who calculated the standard deviation of repeat-
ed measurements in 50 cases. The interobserver mea-
surement error of the ATR angles was determined in
23 patients, comparing available ATR readings from
the school screening procedure with our own mea-
surements. Data on the lower curve in cases with dou-
ble primary scoliosis were not included. The 5% level
of significance was accepted.

Results

The curve type was thoracic in 102 cases, thora-
columbar in 25, lumbar in 16 and double primary in 7
cases. The convexity of the curve was to the right in
107 cases and to the left in 43 cases. The trunk was
asymmetric or rotated to the opposite side of the con-
vexity of the curve in 4 thoracic, 1 thoracolumbar and
2 lumbar curves (Table).

In thoracic, lumbar or double primary curves with
an ATR < 10°, 3/63 patients had a Cobb angle of 25°
or higher. At the same levels and with an ATR < 9°,
none of the 46 patients had a Cobb angle of 25° or
more.

At the thoracolumbar level and with an ATR < 9°,
4/16 patients had a Cobb angle of at least 25°. With an
ATR < 8°, 3 of 7 girls had Cobb angles of 25°, 30°

and 35°. Their ages were 16, 14.5 and 12.5 years.
None of the 6 patients had a Cobb angle greater than
22° with an ATR < 7°.

In right convex curves, regardless of type, the mean
ATR was 9 (2-17)° and mean Cobb angle was 17 (3—
52)°. With an ATR < 9°, the highest Cobb angle was
23° (Figure 1). The left convex curves had a mean
ATR of 8 (3-15)° and mean Cobb angle of 19 (4—
39)°. With an ATR < 8°, the same patients with thora-
columbar scoliosis of 25° or more were identified
(Figure 2).

The standard deviation of repeated Cobb angle
measurements was 1.2°, i.e., differences between re-
peated measurements are less than 3.4° in 95% of cas-
es. The standard deviation of the differences between
ATR readings obtained at school screening and read-
ings at the Scoliosis Unit was 0.6° which means that
the interobserver variation is below 1.7° in 95% of
cases.

The correlation coefficient between the ATR and
Cobb angle was 0.65 in right convex curves which
was the same as in thoracic curves, double thoracic
curves included. In thoracolumbar and lumbar curves,
the correlation coefficient between the ATR and the
Cobb angles was 0.56, compared to 0.57 in left con-
vex curves, regardless of level.

Discussion

Bunnell (1984) stated that an ATR of 5° justified re-
ferral for a spine radiograph. He showed that mea-
surements of the ATR with a scoliometer were useful
for reducing the referral to hospital of patients with
mild scoliosis and he reported a high correlation coef-
ficient of 0.89 for the relationship between the Cobb
angle and the ATR. The increasing awareness that
most curves need no treatment if Cobb angle is below
25°-30° has made Bunnell (1993) recommend a
change from 5° ATR to 7° at any level of the spine as
an appropriate referral criterion for Cobb angles of at
least 30° to be identified with a low false-negative
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Figure 1. The angle of trunk rotation (ATR) versus Cobb angle
in 107 right convex curves regardless of level. Each point may
represent more than one child.

rate. By selecting higher degrees of ATR as a criterion
for referral, we can reduce the number of referrals,
but quite a few cases with substantial curves will be
missed.

Our findings suggest that, in the routine screening
for scoliosis, different ATR criteria can be proposed
for thoracic curves, on the one hand, and thoracolum-
bar and lumbar curves, on the other. The strength of
the correlation between the ATR and the Cobb angle
was higher in right convex curves than in left convex
ones and it was equal in thoracic curves, but the dif-
ference was not significant (p > 0.3). The discrepancy
between right and left convex curves suggests that
different ATR referral criteria can also be based on the
side of the lumbar prominence and the rib hump, as,
with few exceptions, it is situated on the convex side
of a scoliosis (Figures 1 and 2). The strength of the
correlation between the ATR and the Cobb angle
equalled the high correlation coefficient of 0.89 re-
ported by Bunnell (1984) only in the 7 double prima-
ry curves. On the other hand, it was higher than the
correlations of 0.46~0.54 reported by Amendt et al.
(1990) and by Mubarak et al. (1985) who found no
correlation at all at the thoracic or lumbar level. A dif-
ference in patient inclusion criteria, classification of
the curves, number of patients or measurement tech-
niques may contribute to their weaker relationship
between the ATR and the Cobb angles, compared to
our results.

The reliability of the ATR readings by single
trained observers screening for scoliosis is high for
intrarater and interrater comparisons (Amendt et al.
1990, Murrell et al. 1993). Similarly, the intrarater
and interrater agreement in assessing primary Cobb
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Figure 2. The angle of trunk rotation (ATR) versus Cobb angle
in 43 left convex curves regardless of level. Each point may
represent more than one child.

angles is reported to be excellent (Goldberg et al.
1988) and the precision of an inclinometer is within
1°-2° in the range of 0°-25° (Mubarak et al. 1985,
Amendt et al. 1990, Murrell et al. 1993). Our mea-
surement errors in Cobb and ATR angles were simi-
larly low.

Unequal leg length affects the magnitude of trunk
asymmetry in the standing forward-bending test and
shortening of a leg is related to a contralateral promi-
nence or hump on the back especially at the lumbar
level (Burwell et al. 1983, Stokes et al. 1987). Up-
adhyay et al. (1988) also reported that the degree of
rotation of the surface of the back increased in the
lumbar region during forward bending, but was mini-
mally changed in the thoracic region. Furthermore,
forward flexion reduced the thoracic rib hump but
magnified the lumbar prominence. An equalization of
leg length by a biock under the foot before measuring
the ATR or performing it in a sitting position was rec-
ommended. Our aim was to study the ATR in a well
defined but simple and reproducible screening situa-
tion. Clinical methods for the determination of leg
length are rather inaccurate (Friberg et al. 1988). Be-
cause of this and because the use of radiologic meth-
ods is limited owing to both access and radiation and
is unethical in screening studies, we did not correct
for unequal leg length.

The finding that an ATR of 8° at the thoracic level
or in right convex curves was not associated with
curves exceeding 25° contrary to lower or left convex
curves made us choose the thoracic curvature in dou-
ble primary scoliosis (Figure 1). The correlation be-
tween the ATR and the Cobb angle is probably less
disturbed by the postural effect of a LLI or a sacral tilt
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at the thoracic level and the lack of spinal flexibility
also makes tangential ATR readings more difficult to
perform at lower levels.

In conclusion, our findings show that inclinometer
measurements reduce the need for radiography in pa-
tients with minor trunk asymmetries identified in
school spinal screening programs. Serial ATR mea-
surements might also diminish the need for repeated
spinal radiographs as well as follow-up examinations
at the scoliosis clinic. There is still a need for further
research to establish the optimum ATR referral crite-
ria for different Cobb angles in relation to curve type
and the patient’s physical maturity.

Acknowledgement

The study was supported by grants from Orebro County
Council. We also thank Anders Magnusson, Department of
Occupational and Environmental Medicine, Orebro Medical
Centre Hospital, for assistance with the statistical analysis.

References

Adams W. Lectures on the pathology and treatment of lateral
and other forms of curvature of the spine. John Churchill
& Sons, London 1865.

Amendt L E, Ause-Ellias K L, Lundahl Eybers J, Wadsworth
C T, Nielsen D H, Weinstein J. Validity and reliability
testing of the scoliometer. Phys Ther 1990; 70: 108-16.

Bunnell W P. An objective criterion for scoliosis screening. J
Bone Joint Surg (Am) 1984; 66: 1381-7.

Bunnell W P. Outcome of spinal screening. Spine 1993; 12:
1572-80.

Burwel R G, James N J, Johnson F, Webb J K, Wilson Y G.
Standardized trunk asymmetry scores. J Bone Joint Surg
(Br) 1983; 65: 452-63.

Cobb J R. Outline for study of scoliosis. In: American Acad-
emy of Orthopedic Surgeons, Instructional Course Let-
ters. C V Mosby, St. Louis 1948: 261-75.

Friberg O, Nurminen M, Korhonen K, Soininen E, Minttiri
T. Accuracy and precision of clinical estimation of leg
length inequality and lumbar scoliosis: comparison of
clinical and radiological measurements. Int Disabil Stud-
ies 1988; 10 (2): 49-53.

Goldberg M S, Poitras B, Mayo N E, Labelle H, Bourassa
R, Cloutier R. Observer variation in assessing spinal cur-
vature and skeletal development in adolescent idiopathic
scoliosis. Spine 1988; 13: 1371-77.

Huang S-C, Chen P-Q, Yu K-S, Liu T-K. Effectiveness of
scoliometer in school screening for scoliosis. J Formosa
Med Assoc 1988; 87: 955-9.

Letts R M, Quanbury A, Gouw G, Kolsun W, Leits E. Com-
puterized ultrasonic digitization in the measurement of
spinal curvature. Spine 1988; 13: 1106-10.

Mubarak S J, Wyatt M P, Leach J. Evaluation of the intra-
examiner and inter-examiner reliability of the scoliometer
in measuring trunk rotation. Orthop Trans. 1985; 9: 113.

Murrell G A C, Coonrad R W, Moorman C T, Fitch R D. An
assessment of the reliability of the scoliometer. Spine
1993; 18: 709-12.

Stokes I AF, Cohen R, Moreland M S. Measurement of the
shape of the surface of the back in patients with scoliosis.
J Bone Joint Surg (Am) 1987; 69 (2): 203-11.

Upadhyay S S, Burwell R G, Webb J K. Hump changes on
forward flexion of the lumbar spine in patients with idio-
pathic scoliosis. A study using ISIS and the scoliometer in
two standard positions. Spine 1988; 13: 146-51.

Weisz I, Jefferson R J, Turner-Smith A R, Harris J D, Hough-
ton G R. ISIS scanning—a useful assessment technique in
the management of scoliosis. Spine 1988; 13: 405-8.

Willner S.Prevalence study of trunk asymmetries and struc-

tural scoliosis in 10-year-old school children. Spine 1984;
6: 644-7.





