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Abstract

Recurrent low back pain (LBP) is the most commonly encountered medical condition in older adults and poses
an even greater challenge in health care. This commentary proposes biomechanical outcome assessments of spinal
function and implies an objective measurement to assess recurrent LBP. It is important to determine the potential
characteristics of kinematic (range of motion, velocity, and acceleration) and kinetic (resulting from motion) indices
while considering spinal proprioception during the one leg standing test. This comprehensive approach provides
kinetic and kinematic analyses on core spine stability and postural reaction in order to integrate motor control and
biomechanics in whole human motion for rehabilitation strategies. This outcome measurement may implement a
paradigm shift to evidence-based, quantitative approaches to enhance quality of care for subjects with recurrent LBP
for injury prevention. Furthermore, the interventions relate to changes in motor control, which plays a key clinical role
and should be considered in terms of the musculoskeletal and neurological links for subjects with recurrent LBP.
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Introduction

Low back pain (LBP) affects work performance and social
responsibilities and is increasingly a major factor in escalating health-
care costs [1]. A global review of LBP has shown its point prevalence to
be approximately 12%, with a one-month prevalence of 23%, a one-year
prevalence of 38%, and a lifetime prevalence of approximately 40% [2].
One study reported that between 24% and 80% of subjects with LBP
experienced recurrent episodes within one year [2].

Individuals with a recurrence of LBP are generally referred to as
those who first recovered from the original episode and then experience
a new episode of LBP. Those subjects with recurrent LBP often
demonstrate a less refined positional sense with altered proprioceptive
postural control, as well as exhibit poor strength of the abdominal
and paraspinal muscles for core stability [3-5]. Core stability includes
the trunk muscles for an optimal production of force to coordinate
lumbopelvic-hip movement as well as appropriate load transfer from
the spine to distal segments [6-8]. However, there is a lack of objective
measurement on altered kinematic patterns of the spine in subjects
with recurrent LBP.

Evidence-based intervention has stressed to researchers and
clinicians the importance of establishing a strong link between
treatments and outcomes. Various studies have suggested that exercise
programs are effective [9-12]. However, most researchers failed to
provide evidence favoring one exercise over another for treatment
of recurrent LBP. The contradicting results might be related to poor
sensitivity of the instruments, an unmatched design of research, small
sample sizes, and/or a lack of a valid and reliable index. Most clinical
outcome studies are still not convincing, and the morphological and
functional implications in the neuro-musculo-skeletal system need to
be further investigated.

It is necessary to provide sensitive kinetic and kinematic indices for
quantitative evaluation of altered postural coordination in subjects with
recurrent LBP. Kinetic and kinematic data regarding spinal dysfunctions
and a lack of coordination may provide clinical insight of motor control
and integration patterns of trunk compensatory movements in subjects
with recurrent LBP [13,14]. Several studies reported variations in
balance and body sway compensations by postural alignment and core
spine stability on kinematic changes of the dominant thigh and pelvis

[13,15]. Another study reported that active limb movements may be
associated with early lumbopelvic motion; and the increased frequency
may contribute to increased lumbar region tissue stress and potentially
LBP symptoms [16] since altered movements are known to decrease
with muscular force-generating capabilities [17,18].

Clinicians often assess movement performance to observe
biomechanical deficits with the one leg standing test, which is sensitive
to be utilized for core spine stability as approximately 40% of human gait
movement occurs during one leg stance [19,20]. The one-leg standing
test examines the ability of spinal load transfers to optimize stability
of the pelvic girdle unilaterally as well as to detect relative innominate
bone motion [21]. A kinematic analysis of the body region and the
kinetic analysis from the force plate could be useful to understand core
spine activity with the whole body during the one leg standing test. This
integrated spinal stability might enhance motor control strategies in
subjects with recurrent LBP.

Outcome measurement based on kinetic and kinematic
stabilities

The maintenance of balance is influenced by a range of several
sensorimotor functions, including muscular strength, proprioception,
and the visual and vestibular sensory systems [22-24]. Kinematic
stability has frequently been used for balance assessments based on the
ground reaction force and muscle activities [25-27]. The performance
of postural stability reflects kinematic changes during standing, [28]
which might be due to proprioceptive deficits in the spinal region [29-
31]. However, most studies did not investigate both kinematic and
kinetic indices for analysis of spinal region while considering visual
input.
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Clinicians need to apply the one leg test to assess postural
compensation strategies as well as position-dependent spinal loading for
rehabilitation strategies with and without visual input. During the test,
subjects stand on a single leg with the contra lateral hip flexed 90 degrees
for approximately 20 seconds (Figure 1). The postural compensation
strategies used by the subjects and based on the kinetic and kinematic
data as well as visual input may lead to a better understanding of spinal
movement patterns to clarify the comprehensive changes.

There is growing scientific evidence supporting a musculoskeletal
and neurological link to increasing age. For example, older adults
possess altered sensory [32] and musculoskeletal systems, [33,34]
leading to altered control of movement and posture. Several other
studies also reported spinal dysfunction with individual characteristics
[35-37]. However, these results were not consistent due to the lack of
matched samples, invalid measures in a controlled study design, and/or
poor reliability of assessment tools.

The stability index was developed with two parameters—relative
standing time and relative standstill time [14]. The relative standing
time was defined as the ratio between the successful standing time
and the requested standing time. The successful standing time was
measured as the total standing time until the subject failed to maintain
stability during 20 seconds. The relative standstill time was defined as
the ratio between the sum of standstill time and successful standing
time, which was used to compare individuals. The standstill time was
the summation of the temporal segments where the three-dimensional
rotation of the tested axis goes below threshold (5 degrees).

The normalized kinematic and kinetic changes for postural stability
were compared for the balance test. In Figure 2, the threshold sensitivity
of kinetic and kinematic stability indices was plotted between groups.
The kinematic and kinetic data were normalized because the various
individual differences might be fairly compared between groups. The
normalized kinematic stability index for specific portions of the body
was compared with the stability index from the force plate. Therefore,
the method of our research included the evaluation of kinematic
changes and any relationship between these two indices during the
balance test.

As shown in Figure 2, the angular displacement of the lumbar
spine was calculated from the average, and then temporal summation
of the data was used to calculate the normalized kinematic index for

Upper thorax 4

Lower thorax b ’/ Upper thorax

Lumbarspine
Lower thorax
\ ¢

/ ,;:/Lumbar spine
Core spine

Corespine

Pelvis

Figure 1: One leg standing balance test. A subject was asked to stand on a
single leg with the contralateral hip flexed 90 degrees for 25 seconds. During
the test, the subject maintained postural stability while the kinematic data were
gathered from the three axes (Rx, Ry, and Rz).
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Figure 2: An example of the threshold sensitivity of kinetic and kinematic stability
indices between groups. A: The threshold on kinematic stability for the pelvis.
A threshold of 5 degrees was selected by visual inspection on distribution of
stability. B: Sensitivity of threshold on kinetic stability. A threshold of 5 Newtons
(N) on the force plate could separate the recurrent low back pain (LBP) group
from the control group. Please note that selected thresholds (5 degrees and
5 N) might not be the optimum values, but results would not be affected by
selecting other neighboring values.

each spinal region. The rotational displacement (Rxyz) of the tested axis
was below the threshold Th_k (5 degrees), and the summation of Rxyz
was computed as a square sum of the three directional rotation angles
of which the average value was subtracted to obtain each plane average.
Therefore, the normalized Rxyz was calculated based on the 5 degrees
of the threshold value [13].

The one leg standing test has been utilized to quantitatively assess
postural steadiness in a static position in order to investigate various
balance disorders. In Figure 3, the data was obtained from seven
subjects were selected as examples of the standing stability index,
which was the ratio between standing duration and requested duration.
The normalized standing index was compared with the corresponding
subjects’ Rxyz values. The average position of the feet varied somewhat
from trial to trial after 25 to 30 seconds because the subject stepped
off of the force plate. In addition, several authors [38,39] utilized 20
seconds of data from 30 or 40 second trials for the balance test. Another
study also investigated the first 5 seconds of the entire 25 second test,
which was defined as a dynamic phase [40]. Other data indicated high
variability during this period, which could be caused by muscular or
postural adjusting components [41,42]. Therefore, the data obtained
after the initial 5 seconds of the static phase for the purpose of the study.

Kinematic stability depends on good motor control as well
as sensory feedback, which comes from vision, proprioception, and
vestibular sensation [14,43]. The combined stability was significantly
greater with visual input, and the stability of the lumbar spine remained
very high for all conditions. However, the core spine stability of the
subjects with recurrent LBP significantly decreased during the test,
especially when visual input was blocked. The combined stability
assessed the dynamic and temporal processes of balance; therefore,
the kinematic result of the core spine is critical during the test since its
stability is the core axis of trunk movement.

The core spine was used as a reference model for motion analysis to
compare specific three-dimensional kinematic data and to differentiate
with motion of the lumbar spine, which is directly articulated between
the pelvis and the thorax [43]. A lack of kinematic and kinetic
coordination of the lumbar spine may cause musculoskeletal injuries,
especially with sudden perturbation [27,44]. In addition, the altered
coordination within the postural reaction might lead to compensatory
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Figure 3: Distribution of normalized kinematic and kinetic indices of the pelvis (Rxyz) between control and recurrent low back pain (LBP) groups. The data
obtained from seven subjects were selected as examples of the standing stability index, which was the ratio between standing duration and requested duration.

The normalized standing index was compared with the corresponding subjects’ Rxyz values.
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responses to prevent injuries.

E The kinematic aspect of trunk mobility plays a critical role with
} spinal stability in posture and balance, which is related to the fact that
the axial musculature is involved in both static and dynamic postural

LR e e ke e control. In Figure 4, the subjects with recurrent LBP demonstrated
SRR AT A instability of the kinematic and kinetic stability, especially when
i o p : i visual feedback was blocked. The kinetic stability also revealed that

the control group demonstrated significantly better stability during

Py Pee oy b o8 single leg standing. Regarding the relationship between normalized
N o e kinematic stability and kinetic stability from the force plate, the control
e — s group demonstrated better stability than the subjects with LBP. It
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would be important to analyze any interaction between normalized
kinematic and kinetic stabilities for postural control which might

I I ' ' provide additional compensatory reactions. An altered postural control
iy s 0 could affect compensatory strategies and lead to pathologic movement
LY patterns [13,14]. This compensatory movement pattern of the spine
- s - . h a1 .
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Figure 4: Distribution of the indices from kinematic stability (y axis) and kinematic changes to refine balance strategies in subjects with recurrent

kinetic stability (x axis) during the right leg balance test in eyes-open and
eyes-closed conditions. The sensitivity of threshold on kinetic stability was
at 5 Newtons (N), and kinematic stability was at 5 degrees for 20 seconds
during the one leg standing test.

Clinical Implications

LBP. Further studies are warranted for kinetic and kinematic analyses
to assess spinal dysfunctions and postural stability during various tasks.

The one leg standing test could be utilized to quantitatively assess
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postural steadiness in a static position to investigate various balance
disorders in subjects with recurrent LBP. In a previous study, the
normalized standing index was compared with the corresponding
subjects’ three- dimensional rotational values [43]. The stability index of
the core spine significantly decreased, especially when visual feedback
was blocked for subjects with recurrent LBP. The interaction between
visual feedback and trunk rotation indicated that core spine stability is
critical in coordinating balance control.

The control of spinal function might include excitability in the
motor pathway with fearful aspects of pain. The combined kinematic
analysis based on spinal regions and kinetic index from a force plate
may provide comprehensive postural integrity strategies to reduce the
risk of injury. A trunk muscle imbalance may contribute to unbalanced
postural activity, which could prompt a decreased, uncoordinated
bracing effect in subjects with LBP. As a result, core spine training could
be used in the prevention of postural instability since comprehensive
and objective outcomes with integrated motor function for impaired
balance performance in subjects with LBP are needed.

It is evident that non-surgical spine research, as well as other fields
of clinical research, should enhance the quality of clinical intervention
with a developed theory of interventions. Sensitive measures are
needed following the implementation of the intervention while still
considering the potential factors based on individual variations as
well as pain/level of disability following the specific interventions.
The comprehensive effect of the intervention has to be investigated
further with quantified measurement tools. For example, the center
of pressure (COP) displacement may provide useful information as an
index of standing postural stability as well as predict dynamic balance.
However, the COP provides limited results with only two-dimensional
quantities. The combined three-dimensional kinetic analyses from
ground reaction forces with specific sensitive thresholds as well as
kinematic index analysis provide more accurate and meaningful data
for the outcome measure [14].

It is important to investigate the effects of intervention in terms
of the musculoskeletal or the neurological link within the interactions
of the cardiovascular and integumentary systems of human motion.
Although some therapeutic interventions have demonstrated benefits,
researchers have not quantified or characterized the results yielded by
specific non-surgical interventions.

Conclusion

The quantification of balance deficits based on kinematic and
kinetic indices is valuable to a number of populations, including
subjects with recurrent LBP. The comparison of postural control
based on the normalized kinematic and kinetic stabilities during the
one leg standing test might contribute to a further understanding of
postural adaptations. As the normalized kinematic index for spinal
stability significantly decreased during the eyes-closed condition,
these indices could be utilized to compare postural integration as well
as proprioceptive responses. This compensatory pattern needs to be
further investigated for optimal injury prevention and rehabilitation
programs.
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