LUMBAR SPINE MOTION ANALYSIS IN YOUNG ADULTS
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To determine the motion analysis of the normal lumbar spine, 61 of the 152 radiograps of healty young medical
students in the neutral erect, active maximm flexon and maximum extensionpositions were carefully selected. Anal-
ysis of coordinates of the etension-to-flexion motion of each vertebra. In extension - to - flexion motion, the L, verte-
bra shoved a translation- predominant motion characterristic.

The L vertebra had a rotation-prodominant motion characteristic.
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INTRODUCTION :

The motion pattern for normal lumbar vertebrae
and the range of motion of each vertebral vary accord-
ing to the verrtebral level loads (1, 9, 10). Characteris-
tics of the motion pattern have not been fully re-
searched. It appears that a better understanding of the
motion pattern would be beneficial to estimate various-
motion segment instability.

The present study was planned to show the motion
analysis of each lumbar vertebrae. The changes in the
radiogaphic coordinates of the vertebral center, as well
as the instantaneous axis of rotation (IAR), were meas-
ured. This method has been used as an index for analy-
sis of the motion pattern of the joint of the lumbar
vertebrae (4, 5, 6, 7).

For this analysis, a large number of selected radio-
graphs of healty voluntary medical students I(young
adults) in the neutral erect, maximum flexion and max-
imum extewnsion positions were used.

MATERIAL AND METHODS

Lateral radiographs of 212 medical students (110
male 102 female, ranging age from 22 to 28 years)
were taken in the neutral erect, active maximum flex-
ion and maximum extension postions. The radiographs
satisfying the following criteria were selected for anal-
ysis: clear and very accurate picture, no anomaly or ac-
quired deformation in the lumbasacral region, and no
pain in the lower back or legs. As a result, the optimal
radiographs of 61 individuals (43 male and 18 female,
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ranging in agé from 22 to 28 years, with a mean age of
24 yeais) were selected. Frontal and lateral radio-
graphs were taken with each subject in the stationary
erect position, with the position of the soles and vertex
fixed. The roentgenogram tube to film distance was.
175 cm, and the center of the roentgenogram tube was
set at 2 cm below the umblicus. Measurement of the
IInstantaneus Axis of Rotation: The IAR was meas-
ured for each of the L1 - L5 vertebrae on the basis of
lateral films in the active maximum flexion, active
maximum extension, and neutral erect position. The
IAR for each vertebrac was determined according to
Roluleaux's method (3). The IAR was defined by the
upper anterior and upper posterior corners of each
vertebrae. The line outlining the superior border of the
lower adjoining vertebral body was defined as the x-
axis: the line perpendicular to the x-axis, passing
through the point that bisects the anteroposterior diam-
eter of the vertebral body (point 0), was defined as the
y-axis. The coordinates were thus obtained for the de-
termination of the TAR for each vertebra (Fig 1a). The
coordinate scales were adjusted to obtain an anteropos-
terior (AP) diameter of each vertebral body of 40 mm

(average value of the AP diameters in 61 medical stu-
dents), so that all the x and y values for the IAR ob-
tained were also corrected.

In the lateral radiographs taken in the maximum
flexion and maximum extension positions, the point of
intersection of the diagonal lines of each vertebral
body was regarded as the vertebral center. The verte-
bral center in the maximum extension position was de-
fined as the origin of the coordinate system (point 0 in
Fig 1b). The location of the vertebral center in the
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maximum flexion position was calculated using the
same coordnate system. The displacements in the di-
rection of the x-axis and the y-axis were determined by
vector analysis for the positional change in the verte-
bral center (Fig. 1b). The coordinates scales were also
adjusted to AP diameter of the vertebral body, 40 mm,
as in the correction for IAR. IAR and the vector of the
vertebral center were obtained for each vertebral body
by measuring from the coordinate values platted on 1-
mm grid graph paper. Each analysis was carried out
considering the motion from maximum extension to
maximum flexion via the neutral upright position. The
direction of the vector of the vertebral center was re-
garded as minus when both the x displacement and y
displacement were minus.

Measurement of the angle of Rotation: The angle of
rotation in each vertebrae was measured in the coordi-
nate system for IAR measurement (Fig. 1a) (6, 10).
The range of motion in each vertebrae was also meas-
ured by the superimposition method (2) (Fig. 1b). It
can be proved by both measurements in this study and
the geometrical analysis that the angle of rotation (0) is
equal to the range of motion ( o).

RESULTS :

Table 1 shows the coordinate values of IAR of each
vertebrae in the movement from maximum extension
to maximum flexion. In the L5 vertebra, the mean co-

Table 1. IAR coordinate Values in each vertebrae in exten-
sion - to - flexion motion

Coordinate values of IAR
x-value (mm), y-value (mm),
mean + SD mean+SD
L5 (n=61) 42 +1 50+2
L4 (n=61) 23+2 -1.6+1
L3 (n=61) 37+1 -39+2
L2 (n=61) 50+2 —4.1+1
L1 (n=61) 6.1 +2 -3.6+1

ordinate values of IAR were located in the first quad-
rant, whereas those in L4, L3, L2, and L1 vertebrae
were located in the fourth quadrant. It is noteworthy
that the mean coordinate values of IAR in each verte-
bra sfxoved a consistent trend. Namely, the IAR in L5
was located slightly posterior to center of the L5-S1 in-
tervertebral disc space, and the mean IAR of L4, L3,

L2, and L1 were located on a on a lower adjacent
vertebrae. In particular, the y value of the IAR for the
vertebrae was distincly greater than that of other verte-
brae (p < 0.001). The x value of the IAR for the L4
vertebrae was significantly smaller than that of the L5,
L2, and L1 vertebrae (p < 0.001). The variance of the
IAR during the movement from the neutral position to
maximum flexion showed a pattern similar to that dur-
ing the movement from maximum extension to maxi-
mum flexion (Table 2). In contrast, the variance of the
IAR during the movement from maximum extension
to the neutral position showed a different pattern, and
the y-value of the IAR for the L5 vertebrae was signif-
icantly greater than that for the L4 vertebrae.

The changes in each vertebral center were deter-
mined by vector analysis (Table 3). Taking the range

Table 2. Coordinate values of IARs in each vertebrae in
extension-to neutral movement and neutral-to-flexion move-
ment. ’

Extension - to - neutral Neutral - to - flexion
x-value y-value x-value y-value
(mm), (mm), {mm), (mm),
mean + SD | mean + SD | mean + SD | mean + SD
L5 8.2+1 33 2.7 +2 72+1
L4 8.4+2 -3.1 13+3 02+2
L3 9.0+1 -13 21+2 -2.8+2
12 85+2 0.0 35+1 -3.6+2
L1 83+2 2.6+8 42+4 —2.6+1

Table 3. Displacement of the vertebral center in extension-
to-flexion movement.

Translation

x-value (mm) y-value (mm) Range of

mean + SD mean +SD  motion (o)
degrees

mean + SD
L1 (n=61) -63+2 -05+2 11.0+3
L2 (n=61) -8.6+2 -05+1 16.4 +2
L3 (n=61) -90+1 0.1+2 169 +2
L4 (n=61) 98+2 08+2 18.1+1
L5 (n=61) -74+1 15+1 18.7+2

of motion (equal to the angle of rotation) into consid-
eration together with the x andy vales, the vertebral
movement, as expressed x and y, in relation to the
lower adjoining vertebrae was analyzed. The results
are shown in (Table 3). The absolute x value of the
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translation was the greatest at the L4 level, followed by
1.3, 1.2, and L5 levels, with the smallest value at the 1.1
level. There was a significant difference in the x value
between the L4 and L5 levels and between the L4 and
L1 levels (p < 0.001). The y value during flexion
showed an upward shift of 1.5 mm, on the average, at
the 1.5 vertebrae: an upward shift of 0.6 mm at L4; an
upward shift of 0 mm at L3; adownward shift of 0.7
mm at L1. The changes in the range of motion ( o) was
parallel (r = 0.915) with the y values of the vertebral
center at each level. These findings suggest that, dur-
ing the extension-to-flexion motion, all lumbar verte-
brae, except the L3 vertebrae, show a coupling motion
accompained by axial translation. The range of motion
equal to the angle of rotation during the movement
from maximum extension to maximum flexion was
18.7 + 2° at the L5 level, 18.1 + 2° at the L4 level, 16.9
+ 2° at the 1.3 level, 16.4 + 2at the L2 level, 11.0 + 2°
at the L1 level.

DISCUSSION :

The TAR is an axis of rotation of as rigid body
when moved with respect to anotber fixed body, as de-
termined by Rouleux's methed (3) based on Euler's
law. Therefore, the location of the IAR in presumed to
reflect to relative positional changes in the vertebra in
question. However, the relative motion of two adjoin-
ing vertebrae is three dimensional even during simple
flexion and extension, and is accompanied by
coupling. In 1988, Pearcy described the location and
normal range of IAR at each lumbar vertebrae, and dis-
cussed the clinical value of IAR (7). In 1978, white
stated that the location of IAR has no quantitative
meaning, and can only serve as an aid in the observa-
tion of the motion pattern (10). In 1979, Panjabi clari-
fied this using a theoretical model of IAR (6). Gertzbe-
in took lateral radiographs of postmortem lumbar
spines with degenerative intervertebral disc during
movement from maximum extension to maximum
flexion under an axial load, and analyzed the loci of
centrode of IAR using an x-y coordinate system in
whichoring was on the posteriosuperior margin of the
L5 vertebrae (5). Pope et al. reported that the IAR var-
ies in position on the motion segment, the direction of
the load, load combinations, magnitude of load, and
muscle activity, and this has clinical significance in
terms of of ability to use the IAR as a diagnostic tool

(9). From a simple diagrammatic model of IAR, the
IAR can be considered a comprehensive expression of
vertebral motion during flexion and extension of the
spine; however this method has no quantitative mean-
ing because of very errors in the IAR on the subopti-
mal radiographs (6). The mean coordinates of IAR of
respective lumbar vertebrae during spinal motion from
maximum extension to maximum flexion were demon-
strated in (Table 3). The positional changes in each
vertebral center in each vertebral center in a coordinate
system, defined on the basis of the lower adjoining
vertebrae, provide xuantitative numerical values that
may give additional meaning to qualitative index of
IAR. However, since the vertebral center shows a
slight vertical shift in a coordinate system during the
extension-to-flexion motion at all lumbar vertebral
levels except L3, it seems that IAR should at least be
regarded as an expression of the sum total of complex
coupling motions. From this viewpoint, coordinate
analysis of the vertebral center is considered to be a
more accurate method. Thus, from the fundemental
significance of the IAR and the vector analysis of the
vertebral center motion, it can be summarized that dur-
ing maximum flexion and extension of the lumbar
spine in healthy young medical students, the transla-
tion of the L5 vertebrae is relatively minimal and the
rotation is the greatest among all lumbar vertebrae. In
the L4 vertebrae, translation may be greatest and rota-
tion is moderate, and in the L3 and L2 vertebrae, trans-
lation seems to be moderate and rotation is small. Both
translation and rotation of L1 vertebrae are presumed
to be small.

CONCLUSION :

On the basis of the above results, it can be inferred
that, during a spinal motion from maximum extension
to flexion in health medical students, the L4 vertebrac
shows translation-predominant movement accompa-
nied by a slight upward shift in comparison witli oter
lumbar vertebrae. The L5 vertebrae, however, is char-
acterized by a rotation-predominat movement accom-
pained by a marked upward shift. \
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