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Expressing Cobb Angle as Linear Measurement in
Scoliosis and Its Significance: A Clinical and

Geometrical Analysis of Scoliosis

Objective: The aim of this study was to formulate an objective clinical and geometric relationship
between Cobb angle and the difference between the lengths of convex and concave sides
(convexo-concave vertebral difference) of the structural curve in scoliosis. Is it possible to express
Cobb angle in such a way that it could be visualized as a length, especially while planning
for surgical correction of scoliosis?

Methods: Thirty consecutive patients below the age of 19 years with a scoliosis of Cobb angle
more than 10 degrees were included in the study. Convexo-concave vertebral difference of the
structural curve was measured. Its relationship with the measure of Cobb angle was studied.
Results: Author obtained a significant linear correlation between the convexo-concave vertebral
differences and the Cobb angle. Using the formula Y=2d.Sin (X/2) the convexo-concave vertebral
difference could be predicted. The difference thus obtained gives a quantitative measure of
the maximum length of correction possible in the structural curve.

Conclusion: It is possible to express the Cobb angle as a function of linear measurement. The
author proposes that this would aid the surgeons to accurately and predictably achieve the

desired scoliosis correction.

Key Words: Scoliosis, Cobb angle, Convexo-concave vertebral difference

INTRODUCTION

The first account of treatment rendered for
spinal deformity is recorded in the Srimad Bha-
gwat Mahapuranam, an ancient Indian epic
written between 3500 and 1800 BC. A passage
describes Lord Krishna applying axial traction
to correct the hunchback in one of his devotees,
Kubja”. We have progressed a long way for-
ward. Bracing, posterior spinal fusion and in-
strumentation, anterior spinal fusion and instru-
mentation, thoracoscopic scoliosis surgery and
fusion-less scoliosis correction are all proved
methods of treating scoliosis'™”

Yet, high variability in selection of both op-
erative approach and fusion levels exist even
today. Further, there were times that treating
surgeons could not achieve desired corrections,
even after full set of preoperative investigations,
in their interventions either via posterior or an-
terior or combined approaches. To address these
facts, investigators continue to focus on identi-
fying better tools for the evaluation and treat-
ment of scoliosis'”.

The purpose of this article is threefold. First,
it serves to establish the existence of a linear
relationship between the Cobb angle and the di-

fference in the length between the convex and
concave sides (convexo-concave vertebral diffe-
rence) of a structural curve in scoliosis clini-
cally. Second, it analyzes the scoliosis geometri-
cally, to further establish this relationship as a
mathematical formulation. Third, the author
proposes that the new method of expressing
Cobb angle as a linear measurement can serve
as tool for the evaluation of scoliosis aiding the
surgeons to plan the operative approach and
the fusion levels more accurately.

Research questions were as follows: (1) In
patients with structural scoliosis, does a meth-
od exist to express the cobb angle as a function
of linear measurement? (2) Does such an ex-
pression theoretically improve the accuracy of
surgical correction of scoliosis?

MATERIALS AND METHODS

All scoliosis patients who attended the outpa-
tient department of the Department of Ortho-
pedics, in our institute between 2001 January
and 2005 January were reviewed. The inclu-
sion criteria in the study were: Scoliosis of more
than 10° Cobb angle and patient age between
10 and 19 years. Thirty consecutive patients (24
female and 6 male patients) fit these criteria and
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all were available for analysis. The mean age for all patients was
13 years (range, 10-18 years). All patients were evaluated radio-
logically. The evaluation involved standing posterioranterior
(PA) films of the entire spine. Supine bending films of all the
curves were obtained to differentiate between major (structural)
and the compensatory curves. Author identified that, if we meas-
ure the length of any structural curve on the convex and concave
sides (Fig. 1), the convex side was longer than the concave side.
This convexo-concave vertebral difference of structural curve was
measured in all patients as described below. In the standing PA
radiogram upper and lower end vertebrae were determined by
standard method. Most dearly visible outer and uppermost point
of the upper end vertebra was marked as point A. Similarly, outer-
most and lowermost point of the lower end vertebra was marked
as point B. Straight line joining these 2 points, that is, the line
AB was drawn and the length was measured in millimeters (mm).
Innermost and uppermost point of the upper end vertebra was
marked as point C. the distance between point A and C was
measured as “d.” A point was selected on the lowermost part
of the lower end vertebra that was marked as point D, so that
it was inner to the point B and AC=BD. The distance between
C and D was measured in millimeters (Fig. 1). Convexo- concave
vertebral difference was obtained in all patients by subtracting
the measure of CD from AB. Cobb angle was measured in all
patients by standard method. Correlation between the convexo-
concave vertebral differences and the Cobb angle was evaluated
using SPSS ver. 10 (SPSS Inc., Chicago, IL, USA). A geometrical

Fig. 1. Line diagram showing mea-
surement of convexo-concave ver-
tebral difference. Most clearly vi-
sible outer and uppermost point
of the upper end vertebra was mar-
ked as point A. Similarly, outer-
most and lowermost point of the
lower end vertebra was marked
as point B. Straight line joining
these 2 points, that is, the line AB
was drawn and the length was mea-
sured in millimeters. Innermost
and uppermost point of the upper
end vertebra was marked as point
C. the distance between point A
and C was measured. A point was
selected on the lowermost part of
the lower end vertebra that was
marked as point D, so that it was
inner to the point B and AC=BD.
The distance between C and D was
measured in millimeters. Conve-
xo-concave vertebral difference
was obtained by subtracting the
measure of CD from AB.
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construct was made to identify any mathematical relationship
that may exist between the Cobb angle and the convexo-concave
vertebral difference.

This study was approved by the Institutional Review Board
of Government Medical College, Thrissur.

RESULTS

All the thirty patients were available for the evaluation. Con-
vexo-concave vertebral difference was measured in all patients
and was compared with the standard Cobb angle of the structural
curve. Significant linear correlation (r=0.88) was obtained (Fig.
2). More over, it was possible to prove that this correlation can
be formulated. Further, just by measuring breadth of upper end
plate and knowing the Cobb angle we could calculate the corre-
sponding convexo-concave vertebral difference.

Difference of convex and concave sides (Convexo-concave ver-
tebral difference) is independent of the length of scoliosis. Further
(Fig. 3), though AC represents the actual breadth of upper end
plate of the cranial vertebra, BD does not necessarily represent
the actual breadth of defined endplate. Therefore this relationship
is geometric rather than anatomic. If we draw a perpendicular
line from C to line AB and define this point as A' and do the
same procedure and draw a line perpendicular to AB from D
and call B' the sum of segment AA' and BB' would give the con-
vexo-concave vertebral difference (AA'=BB'). Further, if we draw
virtual lines from AC and BD they would bisect at some point
“E.” Angle AEB is the Cobb angle of the curve. Angle bisector
of AEB is a line that is perpendicular to AB and is the height
of the triangle AEB. H is the point where angle bisector meets
the line AB. Now we have 2 similar triangles that is ACA' and
AEH. Angle AEH is Cobb/2 (Cobb=X). Using the principle of
similar triangles we can see that ACA' angle is also X/2. Thus
AA'=AC.sin (X/2). Convexo-concave difference=AA'+BB'. Thus
Y=2.d.sin (X/2) (X is the Cobb angle, Y the convexo-concave
vertebral difference and d the measure of the line AC as shown
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Fig. 2. XY scatter diagram showing linear relationship between the
Cobb angle (plotted on X axis) and the convexo-concave vertebral
difference in millimeters (plotted on Y axis).
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Fig. 3. Geometrical construct showing mathematical relationship be-
tween the Cobb angle (X), end vertebral breadth (d) and the con-
vexo-concave vertebral difference (Y). In the figure, AA"+BB"=Y
and angle ACA”=angle AEH which is X/2. AA”"=d.sin (X/2), so
Y=2.d.sin (X/2).

in Fig. 3). This is the same linear relationship that we obtained
in Fig. 2.

DISCUSSION

The deformity in scoliosis is three dimensional in nature and
effective correction involves all three planes”. The long-term
outcome of surgically treated scoliosis is dependent not only on
the coronal correction but also on restoration of sagittal
curves™”. Vertebral rotation, sagittal imbalance, and lateral cur-
vature are accepted as elements in scoliosis that are to be ad-
dressed separately while surgically correcting the deformity'?.

Lateral curvature of scoliosis is expressed as Cobb angle tradi-
tionally'. Further, rigidity (or flexibility) of a scoliotic curve has
been determined (or at least estimated) by flexibility measure-
ments of that curve by means of x-rays taken at different forced
positions such as side bending, traction, fulcrum bending or even
push prone under general anesthesia. Supine bending radiographs
are presently the gold standard technique by which flexibility
is assessed'”. The differences thus obtained in the Cobb angle
before and after applying a stress is usually taken as the degree
of correction attempted at the time of surgical correction. Distrac-
tion on the concave side and or compression applied on the con-
vex side is the maneuver used to correct the lateral curvature
of scoliosis'”. But there were times that treating surgeons could
not achieve desired corrections, even after full set of preopera-
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tive investigations, in their interventions either via posterior or
anterior or combined approaches'”. Author believes that this
shortcoming is due to difficulty experienced by the surgeon in
visualizing the proposed angle of correction per-operatively. Our
method of expressing proposed degrees of correction as a length
(instead of angle), addresses this to a great extent.

In this method that we describe, only Cobb angle and the late-
ral curvature that it represents are addressed. Quantifying the
widely used derotation techniques'” in correcting vertebral rota-
tion and sagittal imbalance in scoliosis are beyond the scope of
this discussion.

If the Cobb angle of a structural curve can be made to appro-
ach 0°, it can be said that maximum correction possible in that
particular curve is achieved. In that ideal situation, the difference
in length of convex and the concave sides of the original struc-
tural curve will also approach zero. In other words, convexo-con-
cave vertebral difference is a linear expression of the correspond-
ing Cobb angle. The degree of structural correction attempted
(based on stress tests) may not be equal to the maximum correc-
tion possible (Cobb angle=0°). Using the formula Y=2.d.sin
(X/2), both the maximum correction possible and the maximum
correction attempted can be expressed as a length. Suppose we
take an example in which X is the desired angle of correction
in a scoliosis. Using the formula, Y’ =2.d.sin (X/2), Y~ will be
the corresponding convexo-concave vertebral difference or the
maximum correction attempted. Now we have a readily available
length called Y~ that can be used per-operatively in the following
way: If we are intervening only on the convex side of the curve,
compression (shortening), “A” required for the desired correc-
tion will be equal to “Y".” Instead if we are attempting to correct
the curve by distracting (lengthening) the concave side, the amo-
unt of distraction, “B,” required for the same, will again be equal
to “Y".” If in another case, we try to correct both the convex
and concave sides of the structural curve, the combined length
of correction (A+B) will be equal to Y. Thus, by expressing
Cobb angle as a length, the desired correction can be objectively
expressed per-operatively in a predictable manner.

In ideal situation, maximum correction of a structural curve
(Cobb angle=0°) will make the spine straight. The correspond-
ing convexo-concave vertebral difference that is to be corrected
will be Y, i.e., when Y~ approaches Y the spine will become
straight. By knowing this the treating surgeon will be able to
quantify the maximum compression or distraction or both that
can be give to a structural curve.

CONCLUSION

In conclusion, convexo-concave vertebral difference is a linear
expression of the corresponding Cobb angle. But this finding
should be viewed after considering the following limitation that,
the study did not quantify the per-operative utility of the pro-
posed measurement technique. Although it remains to be seen
whether or not the proposed measurement will be beneficial,
author strongly believe that by expressing the Cobb angle as
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a length, the treating surgeon can more predictably and accu-
rately achieve the desired scoliosis correction.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Al-Sayyad MJ, Crawford AH, Wolf RK: Video-assisted thoraco-
scopic surgery: the Cincinnati experience. Clin Orthop Relat Res
(434):61-70, 2005

2. Andrews G, MacEwen GD: Idiopathic scoliosis. An 11-year follow-
up study of the role of the Milwaukee brace in curve control and
trunco-pelvic alignment. Orthopedics 12:809-816, 1989

3. Asher M, Lai SM, Burton D, Manna B: Maintenance of trunk defor-
mity correction following posterior instrumentation and arthrodesis
for idiopathic scoliosis. Spine (Phila Pa 1976) 29:1782-1788, 2004

4. Bauer R, Mostegl A, Eichenauer M: An analysis of the results of
Dwyer and Zielke instrumentations in the treatment of scoliosis.
Arch Orthop Trauma Surg 105:302-309, 1986

5. Braun JT, Akyuz E, Ogilvie JW: The use of animal models in fu-
sionless scoliosis investigations. Spine (Phila Pa 1976) 30 (17 Suppl):
S35-45, 2005

6. Clement JL, Chau E, Geoffray A, Vallade MJ: Simultaneous trans-

142 | Volume 14 | Number 4 | December 2017

10.

11.

12.

lation on two rods to treat adolescent idiopathic scoliosis: radio-
graphic results in coronal, sagittal, and transverse plane of a series
of 62 patients with a minimum follow-up of two years. Spine (Phila
Pa 1976) 37:184-192, 2012

. Davis BJ, Gadgil A, Trivedi J, Ahmed el-NB: Traction radiography

performed under general anesthetic: a new technique for assessing
idiopathic scoliosis curves. Spine (Phila Pa 1976) 29:2466-2470,
2004

. Easwar TR, Hong JY, Yang JH, Suh SW, Modi HN: Does lateral

vertebral translation correspond to Cobb angle and relate in the
same way to axial vertebral rotation and rib hump index? A radio-
graphic analysis on idiopathic scoliosis. Eur Spine J 20:1095-1105,
2011

. Kumar K: Spinal deformity and axial traction. Spine (Phila Pa 1976)

21:653-655, 1996

Lenke LG, Betz RR, Haher TR, Lapp MA, Merola AA, Harms
J, et al: Multisurgeon assessment of surgical decision-making in ad-
olescent idiopathic scoliosis: curve classification, operative appro-
ach, and fusion levels. Spine (Phila Pa 1976) 26:2347-2353, 2001
Sun L, Song Y, Liu L, An 'Y, Zhou C, Zhou Z: Bilateral apical
vertebral derotation technique by vertebral column manipulation
compared with vertebral coplanar alignment technique in the correc-
tion of Lenke type 1 idiopathic scoliosis. BMC Musculoskelet
Disord 14:175, 2013

Warner WC, Sawyer JR, Kelly DM: Scoliosis and Kyphosis in Ca-
nale ST, Beaty JH (eds): Campbell’s Operative Orthopaedics, ed
12. Philadelphia (PA): Elsevier Mosby, pp1691-1895, 2013

www.e-kjs.org



