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Summary: The neurological injury associated with thoracolumbar burst fractures
may be due to the acute trauma event or due to chronic instability. For functional
diagnosis and appropriate treatment, knowledge of the altered motion patterns of
burst fractures may be helpful. Thirteen human cadaveric spine specimens were
impacted at high speed in axial compression, resulting in 10 clinically relevant
burst fractures. The specimens were subjected to a three-dimensional flexibility
test (flexion, extension, bilateral lateral bending, and bilateral axial torque) before
and after trauma. The vertebral motion across the burst fracture was described in
terms of the helical axis of motion (HAM), a set of parameters that concisely and
completely describes the three-dimensional motion. The vertebral rotations about
the HAM increased significantly with burst fracture in all loading directions: flex-
ion 8.1-17.7°, extension 7.2-12.5°, lateral bending 8.5-20.6° (to one side), and
axial torque 3.6-12.6° (to one side). The HAM shifted significantly in a posterior
direction with burst fracture in flexion (11-mm shift), extension (15-mm shift),
and axial torque (11-mm shift). No other significant shifts in the HAM position
were observed. The translation along the HAM and the orientation of the HAM
did not change significantly with injury in any of the loading directions. The
results provide clinically relevant information regarding the optimal treatment of
thoracolumbar burst fractures. Specifically, fixation methods for burst fractures
must be particularly stiff in lateral bending and axial rotation, the directions of
greatest instability. Key Words: Axes of motion—Burst fracture—Thoracolum-
bar injury.

Burst fractures total ~15% of all thoracolumbar
injuries (4). In contrast to wedge compression frac-
tures, they have potentially serious neurological con-
sequences, including paraplegia, bowel dysfunction,
severe low back pain, and sciatica. The frequency of
neurologic deficit in patients with burst fracture has
been reported to be as high as 60% (25).

There are two possible causes of neurological injury
and deficit in burst fractures: (a) acute trauma during
the fracture event, and (b) chronic instability. The po-
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tential for neurologic injury due to chronic instability
of the fracture was emphasized previously (3).
Chronic instability includes altered rigid body verte-
bral motion and deformations of the fractured verte-
bra(e) under load. The possibility of late neurologic
damage may be significantly reduced if the fracture is
properly stabilized. To provide sufficient stabilization
to burst fractures, an adequate understanding of the
intervertebral kinematics after the fracture must be
attained. For example, it is important to provide rigid
fixation in the directions of greatest instability.

Burst fractures have been studied experimentally
by several research groups (5,6.11,18,22,23,26). The
mechanical properties of the fractures have been stud-
ied less frequently. In the study by Willen et al., it was
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shown that thoracolumbar burst fractures are very un-
stable injuries in flexion and tension/compression in
comparison to the intact spine. To our knowledge, the
complete three-dimensional characteristics of the
burst fractures have not been described.

The purpose of the present study was to document
the complete three-dimensional motion of experimen-
tally produced thoracolumbar burst fractures in terms
of the helical axes of motion (HAM), and compare the
results with the intact behavior.

MATERIALS AND METHODS
Experimental Protocol

The overall experimental protocol is outlined as
follows. The specimens were dissected and appropri-
ately prepared for the mechanical testing procedures.
The mechanical properties of the intact specimen
were determined in the three-dimensional flexibility
test. The specimen was subjected to one or more im-
pacts in an attempt to produce a burst fracture. The
three-dimensional flexibility test was repeated on the
injured specimen to objectively assess the severity of
the fracture. The injured specimen was radiographed
[i.e., computed tomography (CT) scan and radio-
graph] to observe the fracture patterns. The specifics
of each procedure are detailed in the following
sections.

Specimen Preparation

Thirteen human cadaveric specimens (11 TI1-LI,
2 T12-12) were obtained and frozen in double plastic
bags at —20°C. Lateral and anterior—posterior radio-
graphs were taken of each specimen to ensure that no
significant abnormalities were present. The ages of
eight specimens were known and ranged from 19 to
70 years with an average age of 53 years. Each speci-
men was dissected of all nonligamentous soft tissue
such as the spinal musculature and adjoining fascia.
Care was taken not to damage any of the spinal liga-
ments or intervertebral discs. The rib articulations at
T11 and T12 were left intact. The top and bottom
vertebrae were mounted in polyester resin casts (Plas-
tic Padding, Gothenburg, Sweden).

Three-Dimensional Flexibility Test

In the flexibility test, well-defined loads are applied
to the free end of the specimen and the resulting rigid
body displacements of the vertebrae are measured.

The procedure described here is a well-established
protocol used often at the Yale Biomechanics labora-
tory (13,27).

Rigid Plexiglas plates, each containing at least three
noncollinear steel balls (1.6-mm diameter), were at-
tached to the top and bottom casts with wood screws.
Each marker, being a rigid extension of the vertebra,
allowed measurement of the rigid body motion of the
top vertebra with respect to the bottom.

Pure moments were applied to the top vertebra to
ensure that the applied loads remained constant along
the length of the specimen. Six pure moments, flex-
ion, extension, left/right axial torque, and right/left
lateral bending were applied individually in four
equal steps to a maximum of 7.5 Nm. This load mag-
nitude was selected such that it would not damage the
specimen, especially after the trauma, but would pro-
duce motions that were in the physiologic range. The
moments were applied in three load—unload cycles to
precondition the specimen because it is a critical
aspect of obtaining repeatable resultsin testing biologi-
cal specimens (7). At each load step in each load cycle,
the specimen was allowed 30 s of creep to reduce the
viscoelastic effects of the spine.

At each step on the third loading cycle, stereopho-
tographs were taken of the specimen with markers.
The marker positions were digitized and the three-di-
mensional motions of the top vertebra with respect to
the bottom vertebra (i.e., two intervertebral levels)
were calculated using software developed in our labo-
ratory. Total specimen motion was used rather than
intervertebral motion because the injured vertebrae
do not behave as rigid bodies. Therefore, using the
motion of the top cast to bottom cast, i.e., two inter-
vertebral levels, avoided this potential problem.

Parameters Studied

The three-dimensional rigid body motion of the top
vertebra with respect to the bottom may be described
in several ways. One common method involves three
body rotations, typically Euler angles, and three trans-
lations of a single point on the vertebral body. This
method suffers from the fact that Euler angles are se-
quence dependent and, therefore, there are six differ-
ent possible values of each Euler angle for any rigid
body motion (8). This problem is most evident in
cases of large coupled vertebral motions. An alterna-
tive description of rigid body motion is the HAM. The
HAM is a set of six parameters quantifying the three-
dimensional motion. The HAM parametersare: orien-
tation of the line (two parameters), a point of intersec-
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translation
(1 parameter)

rotation

tion with a particular plane (two parameters), a rota-
tion of the rigid body about the axis (one parameter)
and a translation of the rigid body along the axis (one
parameter) (Fig. 1). For two-dimensional motions,
the HAM is oriented perpendicular to the plane of
motion and is analogous to the axis of rotation. For a
more in-depth treatment of these alternative descrip-
tions of rigid body motion, the reader should refer-
ence earlier works (8,10,16).

The magnitude of vertebral body motion was de-
scribed in terms of HAM parameters of vertebral rota-
tion and translation. The position of the HAM was
described by its point of intersection with the coordi-
nate system of the top vertebra. This coordinate sys-
tem was established when the top vertebra was in the
neutral position and it remained fixed in space. The
orientation of the HAM was described by two angles:
(a) a counterclockwise rotation about the y axis, i.e.,
longitude measured from the positive z axis, and (b) a
subsequent clockwise rotation about the x axis (i.e.,
latitude) upward (+ve) or downward (—ve) (Fig. 2).

It is well known that intervertebral motion is non-
linear. One may consider it to be biphasic. To de-
scribe the nonlinear mechanical behavior under con-
stant applied load, several motion parameters have
been defined (13,14), specifically the neutral zone
(NZ), elastic zone (EZ), and range of motion (ROM).
The NZ is the residual deformation from an initial
neutral position to the position under zero load on the
third load cycle. The neutral position was defined as
the point midway between flexion and extension rota-
tions under zero load on the third load cycle. The EZ
is the displacement from the end of the NZ to the
position under maximum load. The ROM is the dis-
placement from the neutral position to the position
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FIG.1. Schematic representation of the helical
axis of motion (HAM). Six unique parameters
define the three-dimensional motion of a singie
rigid body: position of the HAM, orientation of
the HAM, rotation of the HAM, and translation

moving
along the HAM.

body

under maximum load and, therefore, is the sum of the
NZ and EZ. In the present study, the HAM is calcu-
lated from the neutral position to the position under
maximum load (i.e., ROM).

Impact Apparatus

The apparatus to produce the burst fracture con-
sisted of a mass dropped from a height, thereby trans-
ferring its energy to the spine specimen. On top of the
specimen was an assembly designed to provide a con-
sistent interface between the impacting mass and the
specimen. For the first five specimens, the initial im-
pact mass was 8.3 kg from a height of 1.6 m. The mass

longitude
4

FIG. 2. The orientation of the helical axis of motion (HAM) was
described in terms of two angles: (a) longitude, a counterclock-
wise (positive) rotation about the y axis, and (b) latitude, an up-
ward (positive) rotation relative to the xz plane.
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was increased in steps of 2 kg and the specimen was
reimpacted, until the fracture occurred. A flat impact
interface was used to prevent bending of the top verte-
bra in any vertical plane during the impact. The next
two specimens used a cylindrical impact interface to
allow sagittal rotation during impact. Because the
compressive force was eccentric in this case, smaller
impact masses were used. The initial impact mass was
2.3 kg from a height of 1.6 m, with an increment of 2
kg until the fracture. The final six specimens followed
the same protocol as the first five specimens, except
that the initial impact mass was 4.3 kg.

Statistical Analysis

The description of the HAM consists of six unique
parameters, specifically the position of the axis (two
coordinates), the orientation of the axis (two direc-
tions), and the vertebral rotation about and transla-
tion along the axis. Mean and standard error of the
mean (SEM) were computed for each of these parame-
ters. Comparisons between the intact and injured
(i.e., burst fracture) states of the specimen were done
using a paired Student’s ¢ test. For all tests, the null
hypothesis was that there was no difference between
the intact and injured groups. The results were evalu-
ated at the 95% level of significance.

RESULTS

Of the 13 impacted specimens, 10 clinically rele-
vant burst fractures were produced. There was no ap-
parent relation between the burst fracture produced
and the type of impact interface used. The burst frac-
tures were verified by transaxial CT scans to have com-
minuted vertebral body with fracture of both the ante-
rior and posterior walls of the vertebral body. A CT
scan of a typical specimen is shown in Fig. 3.

All descriptions given below of the locations of the
HAM are with respect to the specific coordinate sys-
tem and its origin. The coordinate system is oriented
with its x axis to the left, y axis upward, z axis anteri-
orly, and has its origin at the posterior, inferior corner
of the upper vertebral body (Figs. 4-7). As mentioned
earlier, the coordinate system was defined in the neu-
tral position (i.e., midway between flexion and exten-
sion) of the specimen and it remained fixed in space.

Flexion

The changes in the HAM parameters in flexion are
shown in Table 1. Vertebral rotation about the HAM
increased significantly from intact to the burst frac-

FIG. 3. Computed tomography scan of a typical experimental
burst fracture.

ture condition (8.1- 17.7°; p < 0.0003). The transla-
tions along the HAM in both the intact and burst
fracture states were <1 mm and did not change signifi-
cantly with injury (—0.8 mm intact, —0.1 mm
injured).

The HAM was essentially perpendicular to the sagit-
tal plane (i.e., longitude: 87.6° intact, 89.8° injured)
because of the planar nature of the motion. The orien-

TABLE 1. Helical axis of motion (HAM) parameters for
the intact and burst fracture conditions in flexion and
extension loading

Burst
Intact fracture Significance

Flexion

Rotation (deg.) 8.1(0.8) 17.7 (1.5) p <.0003

Translation (mm) —0.8 (0.3) —0.1(0.3) NS

Longitude (deg.) 87.6 (2.4) 89.8 (2.2) NS

Latitude (deg.) 5.7(3.9) —1.6 (1.0) NS

Vintercepe (M) —20.8 (3.1) —26.1(2.2) NS

Zintercepe (M) 13.3(3.2) 2.1(3.1) p<003
Extension

Rotation (deg.) 7.2 (0.6) 12.5 (1.6) p<0.03

Translation (mm) 0.0 (0.1) 0.2(0.2) NS

Longitude (deg.) 89.5(2.2) 91.6 (2.0) NS

Latitude (deg.) —-24(1.1) —24(L.1) NS

Viotereepe (M) —27.1(1.4) —24.8(1.8) NS

Zintercepe (MM) 10.8 (2.1) —4.3 (4.5) p < 0.007

All values are mean (standard error of the mean). The yand z
intercepts refer to the HAM intersections with the midsagittal
plane. The statistical significance from paired Student’s 7 tests are
shown as NS for p > 0.05 and p values otherwise.
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tation of the HAM did not change significantly from
the intact to the injured condition.

In the intact condition, the average position of the
HAM in the midsagittal plane was 20.8 mm inferior
(SEM 3.1 mm) and 13.3 mm anterior (SEM 3.2 mm)
to the coordinate origin of the top vertebra (Fig. 4).
Recall that the coordinate system origin is the poste-
rior, inferior corner of the vertebral body. In the in-
jured condition, the position of the HAM changed to
26.1 mm inferior (SEM 2.2 mm) and 2.1 mm anterior
(SEM 3.1 mm) to the top vertebral origin. The change
in the anterior—posterior position of the HAM was
statistically significant (p < 0.03) whereas the supe-
ror-inferior shift was marginally significant (p
< 0.06).

Extension

The changes in the HAM parameters in extension
are shown in Table 1. The average vertebral rotation
about the HAM increased significantly from intact
(7.2°, SEM 0.6°) to the burst fracture condition
(12.5°, SEM 1.6°) (p < 0.03). The translations along
the HAM for the intact and injured were small (i.e.,
<0.5 mm) and did not change significantly with
injury.

The HAM was essentially perpendicular to the sagit-
tal plane (i.e., longitude: 89.5° intact, 91.6° injured)
and this orientation did not change significantly with
the burst fractures.

The average HAM for the intact specimen was lo-
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FIG. 4. Schematic diagram shows
the sagittal plane position of the
helical axis of motion (HAM) under
an applied flexion moment for
both the intact and burst fracture
specimens. The shaded ellipses
around the HAM are =1 SEM.

cated 27.1 mm inferior (SEM 1.4 mm) and 10.8 mm
anterior (SEM 2.1 mm) to the origin of the coordinate
system. In the injured condition, the position shifted
to 24.8 mm inferior (SEM 1.8 mm) and 4.3 mm poste-
rior (SEM 4.5 mm) to the top vertebra origin (Fig. 5).
The anterior—posterior shift in the HAM position
with injury was statistically significant (10.8 to —4.3
mm; p < 0.007). The slight increase in the superior—
inferior position of the HAM was not statistically
significant.

Axial Torque

The changes in the HAM parameters in left and
right axial torque are shown in Table 2. The average
axial rotation (i.e., average of left and right) about the
HAM increased significantly from the intact to the
burst fracture condition (3.6-12.6°; p < 0.0001). The
translations along the HAM were small and did not
change significantly with the burst fractures.

The average HAM was not perpendicular to any
one of the three orthogonal anatomic planes. For the
intact spine, the average longitude was 173.6° (SEM
18.8°) and latitude was 61.5° (SEM 3.0°). This is in-
dicative of the coupled nature of the motion, specifi-
cally the simultaneous axial rotations and lateral
bending due to the applied axial torque. With injury,
the orientation of the HAM did not change signifi-
cantly (i.e., injured longitude 159.7°, latitude 65.1°).

To describe the position of the HAM, its intersec-
tion with the transverse (horizontal) plane at the level
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Intact Y

Extension
Moment

FIG. 5. Schematic shows

the sagittal plane position of the

helical axis of motion (HAM) under 4
an applied extension moment for

both the intact and burst fracture
specimens. The shaded ellipses

around the HAM are +1 SEM.

of the inferior endplate of the top vertebra was calcu-
lated. From the intact to the burst fracture condition,
the position of the HAM moved posteriorly over 11
mm (0.66 to —10.6 mm), a statistically significant
change (p < 0.03). A schematic representation of the
HAM position in the transverse plane for left and
right axial torque is shown in Fig. 6. There is an obvi-
ous posterior shift of the center of rotation from the

TABLE 2. Helical axis of motion (HAM) parameters for
the intact and burst fracture conditions in axial
torque loading

Burst
Intact fracture Significance

Left axial torque

Rotation (deg.) 3.8(0.5) 13.4(3.2) p < 0.0001

Translation (mm) 0.2(0.2) 0.9 (0.3) NS

Longitude (deg.) 123.5(222) 122.1(23.0) NS

Latitude (deg.) 56.3 (5.0) 63.5(3.7) NS

Xintercept (MM) 7.8 (8.1) 25(44) NS

Zintereepe (MM) 19(7.0)  —9.6(4.9) NS
Right axial torque

Rotation (deg.) 3.4(0.3) 11.8(22) p<0.0001

Translation (mm) 0.6 (0.2) 0.4 (0.5) NS

Longitude (deg.) 223.7(17.8) 197.3(29.2) NS

Latitude (deg.) 66.7 (2.8) 66.7 (3.1) NS

Xiereeps (M) 6.1 (3.4) 9.4(3.7) NS

Zimereepe (M) —06(5.0) -117(52) p<0.03

All values are mean (standard error of the mean). The x and z
intercepts refer to the HAM intersections with the transverse plane
at the coordinate system origin. The statistical significance from
paired Student’s / tests are shown as NS for p > 0.05 and p values
otherwise.

Burst Y
Fracture

Extension
Moment

posterior vertebral wall in the intact specimens to
~10 mm into the spinal canal for the injured
specimens.

Lateral Bending

The changes in the HAM parameters in right and
left lateral bending are shown in Table 3. The average
lateral rotation about the HAM increased signifi-
cantly from the intact to the burst fracture state (8.5-
20.6°; p < 0.0001). Translations along the HAM were
small and did not change significantly with injury.

The average HAM was nearly perpendicular to the
frontal plane (longitude: —3.4° intact, 1.0° injured).
The orientation did not change significantly from in-
tact to the burst fracture condition.

In the intact specimens, the HAM intersected the
frontal plane at the level of the posterior wall of the
vertebral body, ~20 mm inferior to the top vertebral
coordinate origin (Fig. 7). For both right and left lat-
eral bending, the intersection of the HAM with the
frontal plane did not change significantly from the
intact to the injured state.

DISCUSSION

In this article, the altered kinematics of a clinically
important spine fracture were presented. Obviously,
the findings are relevant only insofar as we could pro-
duce relevant thoracolumbar burst fractures. Of the
13 specimens, 10 were documented to have sustained

J Spinal Disord Vol. 7. No. 2, 1994



136
Burst
Intact 4 Fracture
Left Axial
Toraus s o
X X
Intact HAM

L

clinically relevant burst fractures. This judgment was
based on Denis’ definition of a burst fracture as that
having disruption of both the anterior and posterior
walls of the vertebral body. The results are limited toa
certain extent by the fact that we have only 10 speci-
mens, and therefore far-reaching conclusions cannot
be made.

Experimental Methodology

Our approach was unique in both the dynamic na-
ture of producing burst fracture and the use of the

TABLE 3. Helical axis of motion (HAM) parameters for
the intact and burst fracture conditions in lateral

bending loading
Burst
Intact fracture Significance

Right lateral bending

Rotation (deg.) 8.4(0.7) 20.8(24) p<0.0001

Translation (mm) -0.3(0.2) -0.2(0.3) NS

Longitude (deg.) 4644 5.0(2.8) NS

Latitude (deg.) —1.1(1.4) —22(1.2) NS

Xinterceps (M) 24(19) -2622) NS

Vintercep: (MmM) —229(1.4) —24.0(2.6) NS
Left lateral bending

Rotation (deg.) 8.6 (0.5) 20.5(2.1) p<0.0001

Translation (mm) —0.6 (0.2) —0.7 (0.3) NS

Longitude (deg)  —11.3(4.5) —3.1(3.0) NS

Latitude (deg.) —33(1.1) -39(1.4) NS

Xiereeps (M) 89 (3.7) 7.1 (1.0) NS

Vimereepe (T1T) —182(2.5) -23.3(9.6) NS

All values are mean (standard error of the mean). The x and y
intercepis refer to the HAM intersections with the frontal plane at
the coordinate system origin. The statistical significance from
paired Student’s { tests are shown as NS for p > 0.05 and p values
otherwise.
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FIG. 6. Schematic diagram shows
the transverse plane position of
the helical axis of motion (HAM)
under an applied left axial torque
for both the intact and burst frac-
ture specimens. The shaded el-
lipses around the HAM are =1
SEM.

helical axis of motion (HAM) in describing the altered
intervertebral mechanical behavior.

The experimental production of burst fractures has
been described previously. Some authors have
adopted a high-speed impact approach on human
specimens (26), whereas others have used less realistic
methods including quasistatic loading (22) and stress-
concentrating defects (23). We believe that the dy-
namic nature of the fracture mechanism without any
artificial vertebral defects may be important in accu-
rately quantifying the resultant instabilities.

In experimental studies of spinal injury, a signifi-
cant problem is selecting an appropriate impact en-
ergy. The selection is made difficult by wide variation
in the physical properties of the spine specimens. In
the present experiment, the choice of an adequate
drop mass and height was based on several factors.
Both the mass and the height affect the magnitude of
the impact energy. Only the drop height affects the
velocity of the falling mass and, therefore, the rate at
which the impact occurs. In previous studies of experi-
mental spinal trauma, the rise times to peak force
have ranged from 5 to 50 ms (9,21). In the present
study, our goal was to achieve a rise time of ~5 ms.
Preliminary studies suggested that a drop height of 1.6
m produced such a rise time. Our selection of the drop
mass was guided by the previous studies that pro-
duced burst fractures. In those studies, initial poten-
tial energies ranged from 200 (26) to 300 J (5). To be
on the conservative side of these energies, we selected
a drop mass of 8.3 kg and drop height of 1.6 m, which
corresponds to an impact energy of 130 J. This choice
was based partially on our experience with producing
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Intact Y

Right Lateral
Bending Moment

FIG. 7. Schematic diagram shows
the frontal plane position of the
helical axis of motion (HAM) under
an applied right lateral bending
moment for both the intact and
burst fracture specimens. The
shaded ellipses around the HAM
are +1 SEM.

spinal injury in human upper cervical (17) and por-
cine cervical spines (12,13,24).

To describe the three-dimensional motion of the
burst fractures, we used the HAM concept. This
method provides a complete description of the spinal
motion. The magnitude of motion is quantified in
terms of a single rotation about and a single transla-
tion along the HAM. The pattern of motion is de-
scribed by the position of the HAM in any plane and
the orientation of the HAM. The primary difficulty in
the HAM concept is to communicate the six motion
parameters in a simple manner. We have attempted
to improve this by showing the HAM position in
planes perpendicular to the applied moments, and us-
ing longitude and latitude to describe the HAM
orientation.

Magnitude of Motion

The burst fractures exhibited significantly greater
rotations than the intact spine in all directions of
loading. The significant flexibilities in flexion and ex-
tension were consistent with the previous observa-
tions (11,23,26). The greatest increases were observed
in lateral bending (250% of intact) and axial rotation
(350% of intact). This was a similar finding to that
observed previously (1).

These results are of significant interest to physicians
in deciding on appropriate stabilization of burst frac-
tures. The fixation method must be particularly effec-

Burst Y
Fracture

Right Lateral

Bending Moment '/__\\

tive in axial rotation and lateral bending. As an exam-
ple, pedicle screw fixation is used frequently for burst
fracture stabilization. Biomechanical testing of
various pedicle screw systems has demonstrated that
they are least stiff in axial rotation, when compared
with the intact spine (20). Therefore, whenever pedi-
cle screw fixation is used for burst fractures, those sys-
tems that provide the greatest stiffness in axial rota-
tion are to be recommended.

Pattern of Motion

The position of the helical axis of motion for the
vertebra adjacent to the burst fracture under applied
moments shifted from the intact condition. In the in-
tact state, the axis of rotation (HAM) in flexion and
extension was in the posterior half of the middle ver-
tebral body. This was slightly posterior to the findings
in the thoracic spine (15) and similar to that observed
in the lumbar spine (19). For the burst fractures, the
HAM in flexion and extension shifted posteriorly
such that it was almost coincident with the posterior
vertebral wall in flexion (Fig. 4) and within the spinal
canal in extension (Fig. 5). This posterior shift in the
axis of rotation was indicative of the severe anatomic
damage sustained anteriorly by the vertebra in burst
fractures.

Under axial torque, the intact axis of rotation was
essentially on the posterior vertebral wall, an observa-
tion that was consistent with previous findings (2) in
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the lumbar spine. For both left and right axial torque,
the HAM was to the left of the sagittal plane, indicat-
ing some asymmetry in the specimens. For the burst
fractures, the axis of rotation shifted posteriorly into
the posterior part of the spinal canal (Fig. 6). The se-
vere vertebral body damage would explain this shift.

In lateral bending, the axis of rotation was in the
midsagittal plane and within the middle vertebral
body. With burst fracture, the HAM in lateral bend-
ing did not shift significantly.

The significant shifts in the HAM are indicative of
altered kinematics of the spine due to the burst frac-
ture. The posterior position of the HAM in flexion,
extension, and axial rotation imply greater transla-
tions in the vertebral body, thereby increasing the po-
tential for nonunions due to micromotions. Obvi-
ously, more rigid fixation will reduce the magnitude
of such vertebral body translations and enhance the
potential for proper bone healing.

Of particular interest was the proximity of the
HAM to the spinal canal under flexion, extension,
and axial torque for the burst fracture specimens. This
position implies that translational movements in the
spinal canal are reduced in specimens with burst frac-
ture. Therefore, the late neurologic injury due to burst
fracture instability is most likely not due to excessive
rigid body motion around the neurologic structures.
Rather, it is probably due to the deformations of frag-
ments from the injured vertebra(e).
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