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Abstract

In this paper, consideration is given to the geometind mechanical properties of the

lumbar spine to derive the mathematical equatiomat can be used to estimate the
lordosis and the rotational range of motion of thembar spine. the equations are

simple and strait forward. only two parameters- tlength of the lumbar spine and of

the chord formed by the lumbar spine are requireddathese can easily be determined
from a radiographic image of the lumbar spine. Ouesults made it possible for us to
define two types of range of motion which can alldar more comprehensive analysis
of abnormality.
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1.0 Introduction

The increasing cases of low back pain globallylead to a wave of findings into the causes andlaetyof this problem
[1]. Mechanical factors have been considered asligpesing factors[2-4]. To investigate this claitmipmechanical
modelling has been extensively utilised. To datechemodel developed falls in either of the two #m@ theories-
equilibrium and stability theory. While equilibriutheory seeks to distribute loads among variousoamaal members of
the lumbar spine, the stability seeks to estalstsinctural tolerance [5].The techniques often umgter from one limitation
or the other[2,3]. Furthermore, a number of phentanaf the lumbar spine still remained difficultivestigate using these
theories. For instance, determination of centana$s which is key to understanding mechanics ofynsggtem has been a
big question, understanding coupled motion amohgrathings have been controversial[2,6]. In aditiévelop a complete
and more simplified theory, we approach thetheagyetbpment from the perspective of structural meidsa We first
developed the equation of lumbar spine in threeaegof-freedom and used it to determine and imegst the center of
mass in the sagittal plane and the reaction inrttez-vertebral disc [7-9]. In order to have a cdetp analysis and better
understand of the dynamics of the center of massmaved on to develop the equation in six-degrédseedom[10]. In
furtherance of our objective of developing a mommplete, simple and accurate theory, the presemk weveloped
equations that can address a question that remamesolved-the range of motion (ROM).Researcheve faund it difficult
to achieve consensus on the issue of methodolagynéasuring motion, or the cut-off value or valleyond which the
motion segment should be diagnosed as having adusdggmental motion disorder (LSMD) [11-27]. Thiray be due to
complications in measurement techniques which rdsuin the various models used [28].The need tdystumbar spine
abnormal kinematic behaviour is based on the patstul that abnormal kinematics behaviour is assediavith low back
pain (LBP) [11, 29-31]. The abnormality is eithexgmental rigidity or instability [30-34]. To ascairt this postulation,
accurate and easy method for estimating LSMD isiired. To proceed further, it is worthwhile to urgtand what the
lumbar spine is made of and its functionality.

The lumbar spine consist the five vertebrae betwienmib cage and the pelvis. They are the largegtents of the vertebral
column and are characterized by the absence dbtamen transversarium within the transverse pcasd by the absence
of facets on the sides of the body. They are dasighlL1 to L5, starting at the top. The lumbar eferae help support the
weight of the body, and permit movement [35]. Tdnisa is commonly called the “lower back”. The lumbartebrae are the
largest of the vertebrae because of their weightibg function supporting the torso and head [3®je joints between the
vertebrae are separated by disc. The presente @ditit allows a vertebra six-degree-of —freedomcee each vertebra can
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translate or rotate relative to another. The externwhich this relative motion occurs is known aage of motion [28,37].
One obvious geometric fact about lumbar spinesigitrve (Figure 1A). During any rotational motidhe lumbar spine is
subjected to both compression stress at one enaxpdsion stress at another leading to a newrajth midway of the
depth of the lumbar spine(Figure 1B). The lengthaiftral axis usually remains unchanged[38].

Figure 1B: A Beam Under Bending Moment Showing
Neutral Axis X

i g 0¢C)
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Figure 1A: The Structure of the Spine Showing the
Various Sections

2.0  Method

The lengthl of the circumference of a circle with radiusgs given by

l=2nr Y

This means that every flexible material of lengttan be bent into a circle of raditisThe size of the circle formed is
dependent on the lengthlf we have a material of lengththat can form a circle of radissand we choose to form a circle
of radiusR > r instead, we will end up with an arc whose length i

0
l= % 2nR (2)

Wheref is the angle subtended at the center of an osgleircle [39,40] to the arc whose arc lengthdgsa tol.
Let us represent the lumbar spine in Figure 1A waithdB of the circle in Figure 2. Ifis the length of the neutral axis [38],
then we have

a
|=—2nR 3)

Figure 2: Geometric representation of lumbar spine.
4B is a chord of the osculating cirdiBA which divides the circle into major aA®B and minor aréB.
0A = OB = R, the radius of the circle and

== 3)

N[ -
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Let s be the length of chordiB, the lengthMB is%s. Using triangleOMB we have
S

sing = 2R (€))

Substituting equation (3) in equation (4) we have

sin%a = % (5)

Making R the subject formula in equation (5) and substitatequation (2) and have

L= — (6)
2sin-«a

Since equation (6) is nonlinear dn solving fora could be a bit challenging. To simplify equatid®) (ve approximate
sin%a with a polynomial of first degree in We used MATLAB programme in MATLAB R2008b to euatesin%a
within the intervak € [0°,70°] and fit a polynomial using excel (Figure 3). THeice for the interval is informed by the
fact that the bend on the lumbar curve is not sheamce the curvature will be small [41] which imgiyall values ofr by

observing that
360l 360lk "

*= 2nR ~ 2m Q)
wherek is curvature defined as [38]
1
k= ®)
Also, the maximum ROM reported in literatures faithin the chosen interval [25,30,31].
sin0.5a
0.7
06— Sin0.5e¢=04721a+0.0074 ,

R2=0.9993

0.5
304
)
< 0.3 =4=5in0.5a

0.2 — Linear (sin0.5a)
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Figure 3: Linear regression osfm;a ona
The regression equation is

1

sinza = 0.4721a +0.0074 9)
Substituting equation (9) in (6) and simplifyinge Wwave
0.9442la + 0.0148] = sa (10)
Equation (10) has the solution of the form

_0.0148! 1
& 5= 094420 _ _ _ o (D
To find the curvature, we substitute equation (hl¥8quation (7) and simplify as

_0.0148 1

"~ s —0.94421 (12)

Let a, be the angle subtended by the lumbar spine atehter of the osculating circle when at a neutasitona, be the
angle subtended by the lumbar spine at the ceifitdreoosculating circle when at a flexed positiold a, be the angle
subtended by the lumbar spine at the center ob#loelating circle when at an extended position,de®ned two types
ofrotational range of motion: Partial and Totaktainal range of motion.

Partial rotational range of motion are defined ditatively as

ROMpf = |an - af| (13)
ROM,,, = |a, — a,| (14)
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Wherepf andpe mean partial at flexion and extension respectively

Total rotational range of motion is defined quaattitely as

ROM = |a; — a.| = RM,; + RM,, (15)

Let us now define rotational range of motion irmesf curvature of the lumbar spine.

If &, is the curvature of the osculating circle to thenbar curve when at a neutral positignis the curvature when at a
flexed position and, is the curvature when at an extended position thenpartial rotational range of motion is defined
guantitatively as

ROM,; = |k, — k| (16)

ROM,,, = |k, — K| @17

Wherepf andpe mean partial at flexion and extension respectively

Total rotational range of motion is defined quanttitely as

ROM = |k — k.| = RM,; + RM,, (18)

3.0 Results and Discussion

Equation (11) links the angle subtend at the cemtean osculating circle by the lumbar curve witle teasy to determine
geometrical properties of the lumbar spine-the tleh@nd the chord This equation can, with the help of equationalBw
for the determination of the radiRi®f the osculating circle. Hence, lumbar spine larfully geometrized. Equation (12) is
the curvature of the lumbar spine. It can be cldifiem the equation that the curvature is smalisT$ in agreement with
reality as lumbar spines are naturally not shalpgiyt (Figure 1).

For equation (11) and (12) to make physical mearilmy denominator must be greater than zére-(0.94420) > 0. This is
because infinite curvature and angle are not t&ali&lso, negative curvature and angle are medassg Alternatively, one

can say that equation (11) and (12) make physiegrnmgonly if the ratié > 0.9442. Since the lumbar spine is never flat

even when totally flexed [42], then the ra?xi'rs always less than one. This means it is opealynded above and below by

the interval(0.9442,1). This also implies that Mafuyai ratjo[10] is openly bounded below and above by theruate

(1,1.06). Interestingly, rotational range of motion coufdveell be defined in term of mafuyai ratio sincesibounded.

The need to accurately determine the lordosis efltimbar spine has become very important recefitiys is because
surgical operations in part of the spine can reisutthanges in the other. And whether this cancaffebject recovery has
been a subject of investigation [43]. Equations) (@dd (12) allow us to estimate the lordosis eitheterms of angle or
curvature. The ease presented by this method oite mEasure advantage.

Equations (13) to (18) give the various definitimfsrotational range of motion. The simplicity withhich ROM can be

determined using this equations and possible acgueapected is the advantage this technique has exerimental

[27,28.41] techniques. With a radiograph of a lumdgne, the length and the chord can easily beroed. This offers a
cheap, simple, available and possibly the mostrateuneans of determining the kinematics of theblanspine. The beauty
of our definitions of rotational range of motiontit it allows for more comprehensive understagaihwhere abnormality
lies. That is whether it is in flexion or extension

4.0 Conclusion

This work has provided a analytic method for theedwmination of lumbar spine's lordosis and rotadlaange of motion. its
chief advantage lies with simplicity of reprodutitlyi of methods involve in the measurements andrdtibility since X-ray
imaging is not expensive. This work is thereforemfor experimental validation.
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