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Measurement of the Shape of the Surface

of the Back in Patients with Scoliosis

THE STANDING AND FORWARD-BENDING POSITIONS*

BY I. A. F. STOKES, PH.D.t, AND M. S. MORELAND, M.D.t, BURLINGTON, VERMONT

From the University of Vermont College of Medicine, Burlington

ABSTRACT: In order to determine if the configu-

ration of the trunk is altered when a patient changes

from an upright to a forward-bending position, the shape

of the surface of the back of fifty-six patients who had

adolescent idiopathic scoliosis was recorded, by means

of Raster stereophotography, with each patient in three

postures: standing erect, bending forward with the

hands between the knees (forward bend 1), and bending

forward with the hands touching the toes (forward bend

2). The effect of placing one foot on a block to produce

a limb-length difference was also studied in the standing

position (thirty patients) and in the forward-bending po-
sition (eighteen patients). The degree of rotation of the

surface of the back and of kyphosis and lordosis of the

surface of the trunk was measured from sections in the

sagittal plane that were plotted from the computerized

measurements of the surface of the back.

Qualitatively similar rotation of the surface of the

back was found in both the standing position and the

forward-bending position. When the patient was in the

forward-bending position, the degree of rotation of the

surface of the back was minimally changed in the tho-

racic region but increased in the lumbar region. The

amount of rotation of the surface of the back was similar

in both forward bending with the hands to the knees

and forward bending with the hands to the toes. In the

sections in the sagittal plane, with forward bending there

was a large decrease in the lumbar lordosis and a mm-

imum increase in the thoracic kyphosis. The correlation

(r) of the rotation of the surface of the back with the

Cobb angle was between 0.7 and 0.8 in the standing

position, and this correlation was not substantially

changed by forward bending. Therefore, it appears that

the position of the patient is not critical when an ex-

amination of the surface of the back is used to assess the

degree of scoliosis.

* No benefits in any form have been received or will be received from

a commercial party related directly or indirectly to the subject ofthis article.
Funds were received in total or partial support of the research or clinical
study presented in this article. The funding source was National Institutes
of Health Grant ROl AM 30235.

t University of Vermont College of Medicine, Burlington, Vermont
05405. Please address requests for reprints to Dr. Moreland, Department
of Orthopaedics and Rehabilitation, Given Building.

Placing a block under one foot to simulate a limb-

length difference produced rotation of the surface of the

back that could be misinterpreted as being due to sco-

liosis. This effect on the shape of the surface of the back

was greater in the forward-bending position and was

more pronounced in the lumbar region than in the tho-

racic region. Since this effect is a potential source of

false-positive results when examining patients for sco-

liosis, we recommend checking the lengths of the lower

limbs and equalizing any differences before performing

a clinical examination of the surface of the back.

The forward-bending posture has become the standard

position of the patient for the detection of scoliosis. As

described initially by Adams, forward bending of the trunk

when the patient is standing appears to produce an accen-

tuation of the deformity of the surface of the back that is

associated with the underlying spinal deformity in patients

who have scoliosis45”26. The apparent increased promi-

nence of the deformity of the surface of the back during

forward bending is the basis of the screening test in schools

that is recommended by the Scoliosis Research Society22

and is used extensively throughout the world9’4�2#{176}2t.

The standing, arms-to-the-side position, however, is

the posture that is most commonly used in the clinical as-

sessment of the height of the shoulders, the balance of the

trunk, and pelvic obliquity. Recently, it has become the

standard posture for moire topography when that technique

is used to quantify asymmetry of the surface of the back in

patients who have scoliosis’4’5’82328. Moreover, the radio-

graphic assessment of the severity of the curve in patients

who have scoliosis is usually done in the standing position.

Since radiographs of the spine that are made with the patient

standing generally show a greater curve than do similar

radiographs that are made with the patient recumbent, it has

been assumed that the scoliotic deformity is at its worst

when the patient is standing. It is not clear how the shape

ofthe surface ofthe back might change between the standing

position and the forward-bending position or what impli-

cations this might have for the interpretation of the tests.

In addition, deformity of the surface of the back that

is seen when the patient is in the forward-bending position

may be susceptible to differences in the lengths of the limbs



TABLE I

DATA ON FIrrY-SIx PATIENTS WHO HAD ADOLESCENT IDIOPATHIC Scouos�s

Radiographic Data* Rotation) Sagittal PIanel

Thoracic Lumbar Standing FBI Kyphosis Lordosis

Case Sex Treatment Age

(Yrs.)

Cobb Apex Cobb Apex Upper Lower Upper Lower Standing FB I Standing FB1

I F None 14.6 10 17(9) -15 Ll(5) -1.7 -8.9 1.0 -20.7 35 51 -25 25

2 F None 15.7 39 18(6) -32 LI(6) 11.5 -6.0 12.8 -23.0 53 24 -52 22

3 F None 15.3 17 19(7) 6.3 0.7 6.6 -13.7 49 49 -25 15

4 F None 14.3 10 19(8) -21 L2(5) 2.0 -4.3 1.3 -13.3 45 50 -35 12

5 F None 13.3 30 18(9) 3.5 -2.1 7.1 -5.0 26 - -25 23

6 F None 13.6 -9 Ll(4) 7.7 -2.2 7.6 -8.5 43 44 -28 20

7 F Brace 16.4 18 16(9) - 12 L2(6) 6.2 -6.4 -0.7 - 12.6 21 15 -30 26

8 F None 14.1 -12 LI(S) 0.1 -5.0 1.1 -13.2 47 - -34 28

9 F None 11.2 8 L2(6) -1.7 2.0 3.0 1.2 37 52 -37 16

10 M Brace 15.8 - 12 19(6) 16 L2(5) -3.3 5.4 -4.0 2.3 30 48 -22 15

II F Brace 14.6 21 18(8) -25 L2(6) 3.3 -5.3 1.5 - 17.8 22 22 -26 23

12 F None 13.9 20 17(7) -38 LI(7) 4.0 -5.4 2.5 -16.1 45 60 -57 36

13 F None 14.8 5 19(5) -8 L2(5) 5.0 -1.7 7.7 -6.6 25 35 -28 19

14 F None 11.4 -10 L2(6) -1.9 -5.0 -1.3 -5.8 48 67 -21 31

15 F None 9.4 19 19(6) -23 Ll(5) 2.2 -5.1 6.7 -7.9 32 52 -27 25

16 M None 16.8 -8 L2(5) 0.3 -3.8 - 1.8 -7.8 45 - - -

17 F None 10.2 5 T7(6) -21 LI(8) -3.0 -8.5 0.3 -20.2 41 54 -34 23

18 F Brace 12.6 22 16(8) -25 Ll(6) -0.8 -8.3 9.5 -3.2 18 37 -30 15

19 F None 15.9 16 18(7) -20 L2(6) 2.4 -5.4 -1.5 -15.9 43 - - -

20 F None 15.3 - 14 15(9) 4.4 -3.6 -4.3 -7.2 12 23 - 12 14

21 F Brace 12.7 19 16(8) 7.0 3.3 5.7 - 10.6 38 42 -35 8

22 F Brace 13.8 -28 LI(S) 2.2 -3.1 1.0 -21.4 31 56 -41 18

23 F Brace 15.4 14 L2(6) 1.1 9.6 0.0 8.6 43 59 -40 14

24 F Brace 14.7 IS 111(7) -3.8 6.3 -3.8 8.5 22 35 -33 33

25 F None 13.5 36 18(8) -41 LI(S) -0.8 -9.6 10.7 -10.5 41 33 -25 26

* A positive value indicates a curve that is convex to the right and a negative value indicates a curve that is convex to the left. The Cobb angles

were measured in degrees. The length of the curve (number of vertebrae) is given in parentheses after the listing for the apex of the curve.
t A positive value indicates clockwise rotation as viewed from above. Rotation of the surface of the back was measured in degrees as shown in

Figure 2. FB I = forward bend I.

� A positive value signifies kyphosis and a negative value signifies lordosis. Curves in the sagittal plane were measured in degrees as shown in

Figure 4. FBI = forward bend 1.

§ LESS = lateral electrical surface stimulation.
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that may affect the clinical detection of the presence of

scoliosis68 ‘ �.

This study was designed to determine if asymmetry of

the surface of the back is different in the standing and

forward-bending postures in patients who have adolescent

idiopathic scoliosis, ifthe amount offorward bending makes

a difference in the shape of the surface of the back, if the

amount of any such change is related to the degree of sco-

liosis, if the curvature of the surface of the back in the

sagittal plane changes significantly during forward bending,

and if the shape of the surface of the back is altered by

simulating differences in the lengths of the lower limbs.

Patients

Methods

Fifty-six patients who had adolescent idiopathic sco-

liosis were studied. These unselected consecutive patients

were seen for a radiographic examination as part of their

initial or follow-up care in 1984. Details regarding the pa-

tients are given in Table I. All of the patients were evaluated

clinically, radiographically, and by back-surface topogra-

phy. The average age of the patients was 14.7 years (range,

nine to thirty-six years). There were fifty-two female and

four male patients. None of the patients in this study had a

limb-length difference of more than one centimeter, as mea-

sured clinically from the medial malleolus to the anterior

superior iliac spine. Twelve patients had worn a brace or

were wearing one at the time of study; one patient was

undergoing lateral electrical surface stimulation. All patients

were examined using standing posteroanterior radiographs

of the spine with the low-dose technique of Ardran et al.

The mean Cobb angle7 was 20.6 degrees, with a range from

5 to 55 degrees. Thirty-one patients had a single curve and

twenty-five patients had a double curve, for a total of eighty-

one curves. In patients who had two or more curves, only

the curves that were structural rather than compensatory

were studied. In order to select curves systematically for

this study, only the additional curves that showed vertebral

rotation and were within 10 degrees of the measurement of

the major curve were considered structural. Also, for the

purposes of this study, the curves were defined as being

thoracic ifthe apex was located at or cephalad to the eleventh



TABLE I (Continued)

DATA ON FurrY-sIx PATIENTS WHO HAD ADOLESCENT IDIOPATHIC Scouosls

Radiographic Data* Rotationt Sagittal PIanel

Thoracic Lumbar Standing FBI Kyphosis Lordosis

Case Sex Treatment Age Cobb Apex Cobb Apex Upper Lower Upper Lower Standing FBI Standing FBI

45 19(7) 5.8 2.0 6.4 -6.5 40

17 T9(7) -10 L2(6) 7.1 -3.5 8.1 -8.9 32

23 18(7) -20 L2(6) 4.3 -2.3 6.5 -4.7 31

37 18(5) 5.6 -1.6 8.6 -10.2 49

-25 T12(3) 0.0 -3.5 3.8 -8.4 40

14 T4(7) -2.3 -6.2 3.7 -9.3 42

37 T8(8) 7.7 -3.3 11.2 -12.3 25

35 T8(S) -42 LI(S) 4.2 -7.2 9.0 -10.7 34

8 T8(7) -15 L2(5) 2.6 -4.4 3.1 -11.0 42

8 LI(S) -2.0 1.6 -1.0 4.0 45

-15 L3(3) 3.6 -2.2 -2.7 -7.0 34

47 19(7) 12.9 0.0 14.0 -1.3 43

-14 13(7) 20 111(9) -3.8 6.6 -5.1 5.4 30

11 L2(S) 0.0 8.2 -0.6 9.8 29

16 TI2(7) -0.5 2.9 4.4 8.2 44

26 T8(7) -18 L3(6) 4.0 -4.5 10.0 -3.6 31

-S L2(S) -2.5 -9.0 -2.5 -10.3 32

-13 18(4) 20 L2(6) -1.7 11.2 -2.6 11.1 42

10 TlO(l0) 0.6 2.4 0.3 4.0 -

55 18(7) 15.0 0.1 17.4 -12.9 26

16 Tll(5) -4.8 5.8 2.6 9.2 44

32 Tl2(6) -6.0 9.2 -2.1 12.0 46

14 18(0) -13 L2(4) 2.9 -3.9 6.7 -0.6 68

43 Tl0(8) 8.0 0.0 11.7 0.0 29

S 16(5) 4.5 -1.9 5.3 -4.9 42

14 18(5) - 18 112(6) 2.0 -2.6 5.0 -7.8 35

SO T1l(9) -1.6 4.0 1.3 10.0 32

-20 19(6) 23 L2(6) -7.5 -0.3 -6.7 8.5 44

10 18(6) -11 Ll(6) -3.0 -9.3 6.8 -9.1 28

22 L2(6) -2.5 7.1 -1.6 7.3 45

24 T8(7) -31 Ll(S) 7.8 -5.1 7.1 -18.1 31
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26 F Brace

27 F None

28 F Brace

29 F None

30 F None

31 F None

32 M None

33 F None

34 F None

35 F None

36 F None

37 F None

38 F None

39 F None

40 F None

41 F None

42 F None

43 F None

44 F None

45 F Brace

46 M None

47 F None

48 F Brace

49 F LESS�i

So F None

51 F None

52 F None

53 F None

54 F None

55 F None

56 F None

(Yrs.)

19.0

15.6

15.7

16.6

12.6

11.6

15.2

14.1

18.0

10.5

13.7

36.3

13.6

14.2

11.3

11.1

15.6

14.6

12.3

16.3

14.6

14.8

18.1

13.4

12.6

13.8

21.4

13.9

12.3

14.9

15.2

22 -24 16

27 -38 23

47 -46 18

38 -Il 23

57 -38 18

44 -36 8

22 -51 19

40 -27 15

53 -40 22

51 -36 6

31 -40 18

62 -19 24

65 -54 27

49 -29 26

35 -29 26

53 -30 22

52 -40 15

50 -20 24

52 -38 17

78 -51 0

36 -34 34

53 -37 18

44 -37 24

50 -39 21

51 -48 18

30 -�33 31

48 -32 20

52 -40 22

thoracic vertebra and as being lumbar if the apex occurred analyzed using a direct linear-transformation program’7 to

at or caudad to the twelfth thoracic vertebra. In the thoracic make the close-range photogrammetric calculations of the

region, there were thirty-two right and five left-sided curves, locations of these points on the patient’s back.

for a total of thirty-seven. In the lumbar region, there were Using these data, a computer program was used to

fifteen right and twenty-nine left-sided curves, for a total construct cross sections through the surface of the back at

of forty-four. the level of twenty equally spaced horizontal planes between

the first thoracic and fifth lumbar vertebrae, both of which
Measurement of the Shape of were marked at the time of photography by means of small

the Surface of the Back black dots on the skin (Fig. 2). The asymmetry of the cross-

The shape of the surface of the back was recorded by sectional shapes of the right and left sides of the back was

means of Raster stereophotography, using a method based measured by means of a line that was drawn tangentially

on that of Frobin and Hierholzer. In our method24, a square across both sides of the surface of the back. This double-

grid pattern of light was projected from a slide projector tangent measurement gave the angulation from the coronal

onto the patient’s back (Figs. 1-A and 1-B), and this pattern plane for each of the twenty cross sections. The angulation

of light was then photographed from an angle of 50 degrees was the measure of rotation of the surface of the back. It

with a thirty-five-millimeter camera. The apparent distortion was given a positive value if the right side was more elevated

(parallax) of the square grid compared with that seen on a and a negative value if the left side was more elevated. For

calibration photograph permitted calculation of the three- each patient, graphs were drawn showing the value of each

dimensional location of the intersections of the grid in space . double-tangent angle at each of the twenty cross sections

The Raster pattern was digitized to give the coordinates of (Fig. 3). The shapes of these graphs have been shown to

the intersections of the grid to a computer. These were be similar to the shape of the spine as seen on the frontal
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Fig. I -A: Raster photograph of a patient in a standing position. The cross-hair images were used for calibration purposes.
Fig. I-B: The same patient in the forward-bending position. The patient’s neck is at the bottom of the photograph.
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STANDING FORWARD BENDING
FIG. 2

Transverse cross section through the surface of the back, derived from the Raster stereophotographs shown in Figs. 1 -A and 1-B. The twenty cross
sections in each view were made at equally spaced intervals between skin-markers that were attached at the first thoracic and fifth lumbar levels. The
rotation of the section to the sagittal plane (measured by the double tangents) was used to quantify the symmetry of each section of the surface of the
back. This angle was the measure of rotation of the surface of the back.
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P.A. SPINE SHAPE BACK SURFACE
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�u. Standing
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ROTATION (degrees)
FIG. 3
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Similarity of the shape of the spine and rotation of the surface of the back in a fourteen-year-old girl who had a 28-degree left lumbar idiopathic
scoliosis. The posteroanterior view of the shape of the spine that is shown on the left is a frontal plane projection derived from the radiograph. The
back-surface plot was derived from the angles of rotation of the surface of the back that were measured from the Raster stereophotographs for the three
postures: standing, forward bend I , and forward bend 2.

plane projection, with rotation of the surface of the back

clockwise as seen from above for curves that are convex to

the right and counterclockwise for those that are convex to

the left, and with maximum rotation of the surface of the

back close to the apex of the skeletal curve’9.

The shape of the surface of the back was recorded with

the patient in three positions: standing, bending forward with

the hands to the knees (forward bend 1), and bending for-

ward with the hands to the toes, if possible (forward bend

2). For the first position, the patient was asked to stand in

a relaxed posture against four positioning posts, one located

anterior to the middle of each clavicle and one located an-

terior to each anterior superior iliac spine. This position was

maintained for both the posteroanterior radiograph of the

spine and the standing Raster stereophotograph. The patient

was then asked to step out of the positioning device and to

assume the forward-bend- 1 position and then the forward-

bend-2 position. For these examinations, a camera and Ras-

ter grid-projector were located in the ceiling so that the

patients were photographed from above the surface of the

back (Fig. 1-B).

In order to determine the effect of the lengths of the

lower limbs on the apparent shape of the surface of the

back, thirty of the fifty-six patients were randomly selected

to be photographed in the standing position with a four-

centimeter-thick block placed under the right foot and then

under the left foot. Eighteen of the thirty patients also were

studied in the forward-bending position with a block placed

under the right foot and then under the left foot. The effects

of placing a block under the foot in these subsets of patients

were found to be consistent, so the other patients were not

asked to participate in these studies.

Sagittal Curvature

The curvatures of the surface of the back in the mid-

sagittal plane (back-surface kyphosis and lordosis) for the

standing position and the two forward-bending positions

were measured from cross sections in the sagittal plane of

the surface of the back that were plotted from information

that had been stored in the computer (Fig. 4).

Results

Rotation of the Sutface of the Back

For the purposes of measuring the maximum rotation

of the surface of the back for each of the two regions,

TABLE II

ROTATION OF THE SURFACE OF THE BACK IN THE

STANDING AND Two FORWARD-BENDING POSITIONS*

No. of

Curves

Standing

(N = 56)

Forward Bend I

(N = 56)

Forward Bend 2

(N = 29)

Thoracic 37 3.98 ± 3.14 5.02 ± 3.92 4.91 ± 3.54

Lumbar 44 4.62 ± 2.82 9.44 ± 5.25 10.49 ± 6.45

* Measurements in degrees were obtained as shown in Figure 2. The

mean and standard deviation are given for each condition. Absolute values

were used because right and left curves produce rotations of the surface

of the back in opposite senses. Because only small changes were seen

between forward bend I and forward bend 2, forward bend 2 was discon-

tinued after examination of the first twenty-nine patients.

thoracic and lumbar, the cross section with the greatest

rotation was selected (Table II). In the standing position,

the mean value of the maximum rotation in the thoracic

spine (thirty-seven curves) was 3.98 degrees (standard de-

viation, 3. 14 degrees); for the lumbar region (forty-four

curves), it was 4.62 degrees (standard deviation, 2.82 de-

grees). The patients who had been or were undergoing ther-

apy had a slightly higher mean Cobb angle (23.67 degrees,

compared with 20.60 degrees for the group as a whole). In

the thoracic region, the mean rotation was slightly greater
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FIG. 4

Measurement of the lordosis and kyphosis of the surface of the back in the standing and forward-bending positions. The measurements were made
from cross sections in the mid-sagittal plane of the surface of the back, plotted from back-surface photogrammetric measurements that had been stored
in the computer. In the section for the standing position, a line was drawn tangentially to the section at each end and at the inflection point between
positive and negative curves (kyphosis and lordosis). The angles were then measured as shown. For the forward-bending position, the cross section
was divided in the same proportions as for the section for the standing position, so that the measurements of kyphosis and lordosis were made over
the same parts of the back. (This method was based on that of Willner�7.)

(4.90 degrees for the patients who had been or were

undergoing therapy, compared with 3.98 degrees for the

group as a whole). In the lumbar region, it was slightly less

(4.3 1 degrees compared with 4.62 degrees). Since our find-

ings were similar in treated and untreated patients, the data

for all patients were considered together in subsequent anal-

yses. Bending forward from the standing position produced

a mean increase in the maximum rotation of the surface of

the back for the thoracic region of I .04 degrees (p < 0.01).

In the lumbar region, there was a larger mean increase of

4.82 degrees (p < 0.001), which was a doubling of the

mean angle of rotation. There was no significant change in

the angle of rotation (Table II) between forward bend 1 and

forward bend 2. In addition, no significant change in the

location of the level of maximum rotation with respect to

the long axis of the spine was noted when the patient

changed from the standing posture to either of the forward-

bending positions.

The relationship between the angle of rotation of the

surface of the back and the Cobb angle, measured radio-

graphically with the patient standing, was studied by regres-

sion analysis. When the patient was in the standing position,

the correlation coefficients were 0.73 and 0.82 for the tho-

racic and lumbar areas, respectively (Fig. 5-A), whereas on

changing to the forward-bend- 1 position these coefficients

increased to 0.87 and 0.86 (Fig. 5-B). The correlations when

the patient was in the standing position were similar to those

that we reported previously in a smaller group of patients25.

In order to examine further the possible reasons for

changes in the rotation of the surface of the back with

forward bending, we used a regression analysis to determine

whether these changes were related either to the severity of

the underlying scoliotic curve or to the change in the curve

in the sagittal plane (change in back-surface kyphosis or

lordosis). These analyses revealed a significant positive cor-

relation in the lumbar region (r = 0.64, p < 0.001) between

the change in rotation of the surface of the back and the

Cobb angle but no significant relationship with the degree

of forward bending, measured as the change in the curvature

of the surface of the back.

Changes in the Surface of the

Back with Limb-Length Discrepancy

Placing a four-centimeter block under the foot pro-

duced a noticeable clinical effect, with unequal pelvic

heights and compensation of the trunk to maintain align-

ment. The changes in rotation of the surface of the back

with the block in place are shown in Table III. In all patients,

placing the lift under one side produced elevation of the

surface of the back on that side. When the patient was

standing, this change was minimum in the thoracic region,

averaging 1 .32 degrees, but was somewhat greater in the

lumbar region, with a mean change of 3.73 degrees. The

changes in rotation of the surface of the back that were due

to induced differences in the lengths of the lower limbs were

more notable in the forward-bending position, with thoracic

rotation increasing by a mean of 5.64 degrees and lumbar

rotation, by a mean of 8.71 degrees. These changes were

similar in magnitude to the original values (Table II). Thus,

a four-centimeter difference in the lengths of the limbs gave



Standing

S

SSQ
0

0 0
0 0 5 5

S

O� S S

S S

55 5500
0

S

S 0

�Oo 0
00 ScDO

0 0 OcXDOOSOO

0 0

0 0

Co 0

0

S S

Cobb angle

0

5= upper curves

0 lower curves

FIG. 5-A

S

1 0#{176}�

S

S

0

55

55

S

0

co

Cobb angle

U

60#{176}

r = 0.87

r = 0.86

-10#{176}

-20#{176}

FIG. 5-B

0 0

0

S = upper curves

0 = lower curves

MEASUREMENT OF THE SHAPE OF THE SURFACE OF THE BACK 209

VOL. 69-A, NO. 2. FEBRUARY 1987

Back rotation

Back rotation

Forward bend

20#{176}

S

0S

0 �
0 (�

So
00 Q:�o

0

0 0

0 0

0

0 0 55

00#{149} 0

S SU 0S

S S

UOS
QO#{149}

S

US 300

r = 0.73

r = 0.82

Figs. S-A and S-B: The relationship between the maximum rotation of the surface of the back in the region of the curve and the corresponding Cobb
angle when the patient was standing (Fig. S-A) and when the patient was in the forward-bending position (Fig. S-B). A negative Cobb angle signifies
a curve that is convex to the left. Curves in the lower region of the spine (lumbar and thoracolumbar curves) were associated with a slightly greater
rotation of the surface of the back in the forward-bending position.

a rotation of the surface of the back of similar magnitude

to that associated with the average scoliotic curve in these

patients. The right and left sides were equally affected; that

is, the existing scoliotic pattern did not influence the changes

that were produced by artificially creating differences in the

lengths of the lower limbs.
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TABLE III

CHANGES IN ROTATION OF THE SURFACE OF THE BACK (IN DEGREES) IN

THE THORACIC AND LUMBAR REGIONS THAT WERE PRODUCED

BY PLACING A FOUR-CENTIMETER BLOCK UNDER ONE FooT*

Standing

(N=30)

Forward Bend 1

(N= 18)

Thoracic 1.32 ± 2.72 5.64 ± 4.48

Lumbar 3.73 ± 3.70 8.71 ± 6.09

* In all patients, the use of the lift produced increased prominence

of the back on the same side. The values that are given here are differences

from the amount of rotation that was seen when the lift was not used. The

values are means and standard deviations.

Changes in the Sagittal Plane

Using the topographic information for the surface of

the back in the sagittal plane, the back-surface kyphosis and

lordosis for the thoracic and lumbar regions were measured

(Fig. 4). In the thoracic region, when the patient was stand-

ing, the mean back-surface kyphosis was 35.82 degrees,

although there was a wide variation (standard deviation,

9.96 degrees) (Table IV). In the forward-bend-l position,

this increased only 8.88 degrees (standard deviation, 12. 1

degrees) on average (Table IV). In the lumbar region, when

the patient was standing, there was a mean lordosis of the

surface of the back of 32.0 degrees (standard deviation,

TABLE IV

CURVATURES OF THE SURFACE OF THE BACK IN THE

SAGITTAL PLANE IN FwrY-SIx PATIENTS*

Standing Forward Bend 1

Thoracic 35.82 ± 9.96 44.70 ± 13.00

Lumbar -32.00 ± 12.6 20.57 ± 6.50

* Measured in degrees as shown in Figure 4. The values are given

as means and standard deviations.

12.6 degrees). In the forward-bending position this changed

significantly, with a loss of lordosis in the lumbar region

of 52.57 degrees, leading to a frank kyphosis. There was

no significant additional change in forward bend 2.

Discussion

Rotation of the surface of the back qualitatively reflects

the deformity of the spine and is a part of any structural

scoliotic deformity. The optical precision of the Raster ste-

reophotography technique that was used in this study allows

the measurement of very small angular changes over a

greater area of the back than has been available using pre-

vious methods.

The results of this study revealed that there is very little

change in the rotation of the surface of the back or in the

sagittal curvature when the patient changes position from

standing to forward bending. The mean increase with for-

ward bending of 4.82 degrees in the rotation of the surface

of the back in the lumbar region, while double the amount

of rotation compared with that when the patient is standing,

is still quite small. It appears that the actual position in

forward bending (forward bend 1 or forward bend 2) has

little effect on the degree of rotation of the surface of the

back, which suggests that there is not a preferred forward-

bending position for examining or measuring children in

screening programs in school. It also appears that variations

in the degree of forward bending between follow-up ex-

aminations may not significantly alter the accuracy of the

evaluation, either visually or topographically. While our

findings suggest that measurements of the surface of the

back have similar validity for demonstrating scoliosis in the

absence of limb-length inequality, the visual examination

of patients in the forward-bending position is probably pre-

ferred by clinicians because subjectively the horizontal gives

a reference for judging the symmetry of the back.

Like the findings with regard to rotation of the surface

of the back, with forward bending there was little change

in the curvature in the sagittal plane in the thoracic region,

again regardless of the degree of bending. In most patients,

however, the lumbar lordosis reversed to a kyphosis, re-

flecting the flexibility of the lumbar spine. This flexibility

may also account for the increase in rotation of the surface

of the back in the lumbar region that was seen with forward

bending. The minimum change in either the rotation of the

surface of the back or the curvature in the sagittal plane in

the thoracic region suggests that because the thoracic spine

and rib cage are less flexible than the lumbar region in these

patients, the shapes of both the spine and the surface of the

back are more constant.

The Cobb-angle measurement of scoliosis has been

accepted as the standard of measurement with which varying

degrees of deformity are compared. While there was no

adequate way of ascertaining the Cobb-angle measurement

of the spine in the forward-bending position, the correlation

coefficients between the rotation of the surface of the back

and the Cobb angle that were measured when the patient

was standing were similar in the standing and in the forward-

bending position. We could not explain why there was an

increase in this correlation in the thoracic region with for-

ward bending. In terms of the magnitude of the measure-

ments, in the forward-bending position the rotation of the

surface of the back (in degrees) was consistently smaller

than the Cobb angle by a factor of roughly four for thoracic

curves and two for lumbar curves. This means that surface-

measurement techniques must be more sensitive than the

precise Cobb-angle measurements to obtain comparable sen-

sitivity in measurement of the deformity.

Burwell et al. and Harada et 2 recommended that

examination for rotation of the surface of the back be per-

formed when the patient is sitting in order to eliminate

apparent rotation due to limb-length inequality. The changes

in rotation of the surface of the back that were produced by

a rather drastic change in the lengths of the limbs of four

centimeters in our study indicate that when the patient is

standing an inequality of less than this amount would have

a minimum effect on the rotation of the surface of the back

in the thoracic region and only a mild effect on the rotation

in the lumbar region. When the patient was in the forward-
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bending position, both the thoracic region and the lumbar

region showed greater changes than were seen when the

patient was standing, with the largest changes occurring in

the lumbar region. The forward-bending position is appar-

ently more sensitive to the effects of small differences in

the lengths of the lower limbs. This finding suggests that

any limb-length inequality should be noted and that the

pelvis should be leveled by placing a block under the foot

before the back is examined for rotation.

Conclusions

This accurate photo-optical technique for evaluating

rotation of the surface of the back over the entire spine

demonstrated that in the thoracic region there are only small

differences in rotation between the standing and forward-

bending positions, but there are greater changes in the lum-

bar region. The amount of forward bending did not affect

the angle of rotation. There was only a small increase in

the curvature in the sagittal plane in the thoracic region

when the patient went from the standing to the forward-

bending position. It appears that small differences in the

lengths of the lower limbs can affect the shape of the surface

of the back in the lumbar region, both in standing and in

forward bending, and they should be compensated for before

any quantitative assessment of the rotation is performed.

NOTE: Technical support for this study was given by Lise McDonald. Rachael Cohcn. and
Debra Shuma.
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