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Kinematic analysis of thoracolumbar movement associating with trunk
flexion-extension in the healthy males
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[Purpose]

It was considered that an understanding of spinal kinematics is necessary
for the elucidation of mechanisms and prevention of lumbar injuries such as
spondylolysis. Information regarding lumbar kinematics is elucidated based
on intervertebral rotation and translation during trunk flexion and
extension, but for thoracic kinematics, the mobility in 4 parts of the thoracic
section is examined during trunk flexion and not extension. It is unclear as
to how much mobility there is in each thoracic part in vivo during trunk




extension. While measuring the mobility of the thoracolumbar, examinations
for all conditions excluding the influence of the trunk muscle activities are
not performed. The purpose of this study is to elucidate the characteristics of
mobility in the thoracolumbar area during trunk flexion and extension and
the influence of the trunk muscle activity in thoracolumbar mobility.

[Methods]

Eighteen healthy male volunteers were recruited for the study. The subjects
were asked to perform trunk flexion and extension in two different standing
positions. The first position (fixed stand position) was a standing position in
which the lower limbs were fixed and the subject leaned on a stable stand to
minimize the trunk muscle activity at the position of maximum flexion and
extension, and the second position (normal position) was a normal standing
position. When the subjects performed trunk extensions whilst fixed to the
stand, putting subject’s hands on a backward handle supported their upper
body. Electromyography (EMG) of the rectus abdominis (RA) and erector
spinae (ES) during trunk flexion and extension was measured to confirm the
activity of RA and ES at the position of maximum flexion and extension. The
analysis was set for 3 s from the end of flexion and extension movements and
was calculated as the mean % maximum voluntary contraction (%MVC) in
the analysis section. Furthermore, %MVC while standing was calculated to
compare the magnitude of muscle activity at the maximum flexion and
extension. The thoracolumbar vertebrae were divided into six segments, and
the angle of each segment on the sagittal plane was measured using a
three-dimensional movement analysis device (VICON,Vicon Motion System
Ltd.,UK). The angle change from the start of the movement was also
calculated at each segment. The analysis was set similar to the %MVC and
the mean value of the angle change from the start of movement in the
analysis section was calculated and defined as the change in angle to
maximum flexion (flexion angle) and maximum extension (extension angle).
For comparing the %MVC among fixed stand position, normal position, and
standing, the Friedman test was used. Scheffe’s method was used for
post-hoc testing. Moreover, to compare the flexion and extension angles
between the two positions and between segments, the two-way
repeated-measures analysis of variance was used. If the interaction was
significant, the simple main effect was examined by Sidak’s method.
p<0.05 was considered significant.

[Results]

The muscle activity in RA at the position of maximum extensions in the
normal position was significantly higher than at the position of maximum
extentions in the fixed position and while standing (p<0.0005). There were




no significant differences between the fixed stand position and while
standing. With regard to muscle activity at the position of maximum flexion,
there was no significant difference between the fixed stand and normal
positions. Comparisons between the fixed stand and normal positions during
extension showed that the extension angle in the fixed stand position was
significantly higher than that in the normal position at all segments
excluding the upper thoracic and middle-upper thoracic segments. The
flexion angle of the upper and lower lumbar segments was significantly
higher than that of the thoracic segments. In the thoracic region, the flexion
angle decreased toward the upper thoracic segment. The extension angle of
the lower lumbar segment was significantly higher than all other segments.
On the other hand, the upper lumbar segment was significantly higher than
all thoracic segments. In the thoracic region, the extension angle of the lower
thoracic segment was significantly higher than the middle-lower thoracic
and upper thoracic segments.

[Discussion & Conclusion]

At the position of maximum extension in the fixed stand positions, the
muscle activity of RA in this position was significantly lower than that in the
normal position and not significantly different to that while standing. It was
indicated that the spinal mobility should be evaluated for all conditions
excluding the influence of RA activity because extension angle in the fixed
stand position was higher than that in the normal position. It was found that
the mobility of the lumbar region during trunk flexion and extension had the
highest ratio among the range of motion of the spine, which was considered
to be similar to the previous studies. It was considered that the securement
of mobility at the lower thoracic segment is important because the mobility
of this segment during trunk extension was higher than that of the upper
and middle-lower thoracic segments.
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