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® Trunk mobility, as defined by trunk angle, has long been considered an acceptable means to evaluate the degree
of impairment in patients with low back pain (LBP). However, biomechanically, there is reason to believe that patients
with LBP may exhibit significant sensitivity to trunk velocity of motion as well as angular mobility factors. An
experiment was performed to study the trunk action of patients with LBP and of a normal control group. A lumbar
monitor was used to monitor both trunk angle range and trunk velocity. The results indicate significant differences
between the two groups for both angle and velocity measures. However, the velocity measure revealed more dramatic
difference between groups and was the only parameter that was capable of distinguishing between the particular
experimental tasks for both LBP and normal groups. Thus, it is suggested that trunk velocity be used as a quantitative
measure of low back disorder and that it be used as a means to monitor the rehabilitative progress of patients with

LBP.
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Disorders of the lumbar spine often are accompanied by
changes in the biomechanic behavior of the back. A person
with a low back impairment is not able to move and exert
force about his body easily. Patients with low back pain (LBP)
usually exhibit limitations in terms of the degree of back bend
they can achieve and their back motion appears extremely slow
and controlled. These limitations may be related to two bio-
mechanic concepts.

First, limited range of bend may be due to the subject’s
attempt to minimize the static load upon the spine. As one
bends forward, the trunk center of gravity moves farther away
from the centerline of the body, thus creating an increased
moment about the body. This moment must be counterbal-
anced by the back musculature, and thus, increased loading is
experienced within the back.

Second, motion limitations also may be explained in bio-
mechanic terms. According to the Newtonian laws of physics,
the force experienced by the back is a function of the product
of trunk mass and trunk acceleration. Thus, when the rate of
trunk motion decreases in a patient with LBP, there is a re-
duction in the acceleration component and a resultant reduction
in trunk force. Since humans are capable of a broad range of
trunk velocities, motion has the potential to greatly increase
back loading. In both these situations, it appears that the pa-
tient is reducing these activities in a protective fashion in order
to guard against excessive loading and the resulting stimulation
of nociceptors within the spinal structures.

The measurement of spinal movement often is used as a
clinical evaluative tool. Physicians note the range of bend in
patients with LBP and use the degree of back bend in diag-
nosing and assessing the effect of therapy, to check rehabili-
tative progress, and to gauge the patient’s readiness to return
to work. This information also may allow for the job require-
ments to be matched with the worker’s capabilities.

Several techniques are used to study the degree of back

bend. Reynolds* compared three common techniques for mea-
suring back bend. A spondylometer, goniometer, and the skin
distraction method were used to measure spine mobility. He
concluded that the goniometer, which measures trunk angle,
was the only method that was of acceptable accuracy.

Several techniques have been used to study the back mo-
bility of normal subjects.!-3-> However, the results of these
studies often are not apglicable to patients with LBP. Recently,
Mayer and co-workers* have used an inclinometer to study the
spine motion of both normal subjects and those with chronic
low back dysfunction. This study demonstrated the significant
difference between normal subjects and those who suffer low
back disorders. These authors also discussed the value of the
inclinometer technique as a tool for monitoring progress in
rehabilitation.

These studies have investigated the degree of trunk bend as
a measure of spinal dysfunction; however, the velocity of trunk
motion may be a more significant factor in the biomechanical
action of the low back and may serve as a more reliable mea-
sure of low back impairment.

The objective of this study was to determine if a velocity
measure can be used as a means to distinguish between normal
and impaired backs. Velocity measures also were compared
with traditional angle range measures. A lumbar monitor was
used to study the characteristic range of bend and velocity in
both normal subjects and those with chronic LBP.

METHOD

Subjects. Thirty-four subjects were examined and were ca-
tegorized into two groups. Subjects had no physical impair-
ments other than LBP. Sixteen men were classified as having
chronic LBP. The mean age of this group was 40.5 years (SD,

Submitted for publication August 8, 1985, and accepted October 11, 1985.

Arch Phys Med Rehabil Vol 67, April 1986



214 FLEXIBILITY AND VELOCITY OF THE SPINE, Marras

Fig 1—Left, the lumbar motion monitor; right, the monitor
with calibration unit.

9.6 years). The control group consisted of 18 men, with a
mean age of 32 years (SD, 10.3 years).

Apparatus. The Ady-Hall lumbar monitor? (fig 1) was used
to measure spine position and velocity. This device consists
of a series of stiff wires, which were placed against the lumbar

Fig 2—Patient wearing the lumbar monitor.
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spine. The base of this device was taped to the first sacrum
and the upper portion of this device was allowed to move
freely within a tube, which was attached to the throracic spine
(fig 2). Angular position was measured with a precision po-
tentiometer attached to one of the wires of the lumbar monitor.
The potentiometer signal was amplified and recorded. This
permanent record of trunk activity allowed the computation of
angular velocity as well as trunk angle.

Procedure. Trunk angle and trunk velocity were recorded
under several functional conditions. Subjects were asked to
perform several bends in the sagittal plane. During the tasks,
subjects were asked to bend to the fullest extent possible under
several velocity conditions.

The experimental conditions consisted of the following tasks:

1. Normal standing posture

2. Maximum flexion posture

3. Maximum hyperextension posture

4. Normal velocity flexion with knees straight

5. Normal velocity of reextension (from the flexed posi-
tion) with knees straight

6. Maximum velocity of flexion with knees straight

7. Maximum velocity of reextension with knees straight

8. Normal velocity flexion with knees bent

9. Normal velocity of reextension with knees bent

10. Maximum velocity flexion with knees bent

11. Maximum velocity of reextension with knees bent

12. Normal velocity hyperextension .

13. Maximum velocity hyperextension

RESULTS

Study results are summarized in fig 3 to 7, which describe
the mean and standard deviation of the absolute and relative
bend angles and the trunk velocities observed in the experi-
ment. All conditions indicated in the figures represent statis-
tically significant differences in performance between the normal
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Fig 3—Mean and standard deviation of absolute trunk angle
range for all study subjects.
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Fig 4—Mean and standard deviation of relative (from upright
standing posture) angle range for all study subjects.

and LBP groups. Trunk bend angle range was evaluated both
in terms of the absolute degree of bend and relative degree of
bend. Absolute degree of bend refers to the angular deviation
from vertical, whereas relative degree of bend represents the
angular deviation from the normal standing posture. The range
of bend was significantly reduced by a relatively constant amount
(about 10°) over all conditions in subjects who have suffered
low back disorders. The difference between normal and im-
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Fig 5—Mean and standard deviation of trunk velocity during
flexion for all study subjects.
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Fig 6—Mean and standard deviation of trunk velocity
reextension from flexion for all study subjects.

paired subjects was even more pronounced (15-82°s) when
velocity of motion was considered.

The range of bend and velocity differences were tested un-
der the various experimental conditions by analysis of variance
techniques (table). Significant differences (at the 0.05 level)
in performance between the experimental conditions were in-
dicated for the normal group when relative angle of bend and
velocity were considered. Duncan Multiple Range Tests used
to interpret the nature of these differences indicated that there
was a change in both relative and absolute angles of back bend
for normal subjects when the knee position was changed from
a straight to a bent position. More angular range was achieved
with the knees straight. No such distinctions were significant
within the LBP group.

When the changes in velocity were considered, significant
sensitivity within conditions was detected both in the normal
and LBP groups during the flexion and reextension tasks. Dun-
can Multiple Range Tests indicated that within each group
distinctive velocity differences were due solely to the differ-
ences between the maximum and normal velocity conditions,
as opposed to changes in knee positions. Normal vs LBP ve-
locity characteristics are described in fig 5 and 6. Significant
changes in velocity pattemns were apparent, as the relative change
in velocity between maximum and normal conditions during
knees straight testing more than doubled for the normal group
but less than doubled in the LBP group.

The analysis also indicated that the most dramatic differ-
ences were apparent when maximum and normal velocity of
hyperextension for normal subjects was compared with that of
subjects with LBP. Great increases in velocity were noted for
normal subjects, whereas negligible differences occurred in
subjects with LBP.
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Fig 7—Mean and standard deviation of trunk velocity of
hyperextension for all study subjects.

Correlational analysis also was performed for the various
experimental conditions. Many significant correlations were
observed between the various experimental conditions within
each normal and LBP group when the absolute and relative
angle of bend was considered. However, when the velocity of
motion was considered, significant correlation patterns were
observed between experimental conditions within the LBP group
but not within the normal group.

Summary of Significance Levels Resulting From Analysis
of Variance Test Within Each Group

Performance measure Normal group LBP group
Angle
Absolute bend
Flexion/reextenstion 0.10 0.67
Hyper flexion/extension .25 .26
Relative bend
Flexion .01* .36
Reextension 01* .06
Velocity
Flexion .01* .03*
Extension .01* .01*
Hyperextension .01* .70

* Significant at the 0.05 level of acceptance
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DISCUSSION

This research has shown that there are significant differ-
ences in the flexibility and velocity of normal and injured
lumbar spines. This fact in itself is not surprising. However,
the present research has quantitatively defined the flexibility
and velocity ranges for both normal and injured workers. The
reduction of trunk angle of subjects with LBP was about 25%
when compared with normal subjects. This reduction in angle
was true for relative flexion and extension from the normal
standing position. This resulted in a reduction in back flexion
angle of approximately 10° for the LBP group. Relative re-
duction in hyperextension was about 70% for the impaired
group when compared with the normal group. It appears that
the LBP group was extremely cautious in extending the trunk
center of gravity posteriorly during forward flexion when com-
pared with normal subjects. These changes in flexibility due
to injury appear to be due to a protective guarding behavior,
which occurs after injury. It appears that this guarding may
be a means to reduce the moment and, thus, the force about
the spine.

More pronounced differences in the velocity of back motion
were observed between the normal and LBP groups. Reduc-
tions in flexion velocity were at least 50% when the LBP group
was compared with the normal group. Significant differences
were noted between the velocity capabilities of normal subjects
when they flexed at maximum rates with the knees bent and
straight. Significantly greater velocity was produced by these
subjects with the knees straight. Subjects with LBP, however,
demonstrated similar changes in velocities under both condi-
tions.

Hyperextension velocity seemed to show the greatest dif-
ferences between the two groups tested; this was particularly
true under maximum velocity conditions. Injured subjects were
able only to produce velocities that were <10% those of their
normal counterparts. This may be due to the fact that the back
musculature was acting as the agonist muscle group in hyper-
extension and the difference may be due to muscle sensitivity.
Biomechanically, there would be less of a load in hyperex-
tended positions, since the moment about the back would be
reduced, as compared with forward flexion, due to the limited
range of availabie hyperextension angle. The extreme control
in velocity production also is apparent from correlation pattern
evaluation. No such extreme control and reduction in hyper-
extension velocity was apparent with the control group.

These findings suggest that monitoring the velocity of nor-
mal and maximum trunk motion would be a superior method
to quantify differences and rehabilitative progress in patients.
The changes in velocity due to injury are substantial and sub-
ject to less variability, as compared with changes in flexion
or hyperextension angle measures. Furthermore, as seen in the
table, only velocity measures can differentiate between exper-
imental conditions within the LBP group. Hence, the velocity
measure offers more potential for discriminating between trunk
performance conditions and increases the quantification poten-
tial.

This research also has shown that changes in trunk angle
and velocity may be easily and reliably monitored with a lum-
bar monitor. This device is easy to apply to the subject and
can provide an evaluation in less than ten minutes. Addition-
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ally, this device also has the advantage of producing a per-
manent record of the back activity and may minimize the degree
of subjectivity.

It is suggested that the flexion and velocity data may be
used as a quantitative measure of impairment. Future research
could test a larger normal population so that patient data may
be compared against this data base and a percentile system
that monitors the degree of injury and the rehabilitative prog-
ress of patients may be developed. This system also may be
integrated into a physical capacities evaluation for injured
workers. A monitoring of the required trunk velocity needed
to perform a task can serve as a quantitative indicator of when
a patient (with a given trunk velocity profile) is able to return
to work.
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