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Abstract

with different lumbar spinal disorders.

assessment.

Background: Center of pressure (CoP) trajectory is one of the gait parameters that is widely used for clinical assessments. Moreover,
the CoP trajectory could be adversely affected by anatomic and mechanical factors that involve foot function, which was shown to
be correlated with musculoskeletal diseases. The aim of this study is to compare angle-associated parameters of gait in patients

Methods: The subjects suffered from the same levels of spine impairment, including patients with lumbar spinal stenosis (LSS) and
lumbar intervertebral disc degeneration (LIDD) were recruited in this study. The spatio-temporal angular parameters associated
with the CoP of the subjects during their gait were collected and examined. The measurements were used to calculate the CoP angle
and symmetry angle (SA). Then the butterfly diagram (BD) intersection angle was introduced as a new potential parameter in gait

Results: The results of the current study showed that CoPs and SAs did not vary between the two groups (P > 0.05). The BD
intersection angle, however, indicated some variations between patients with LSS and LIDD (P < 0.05).

Conclusion: While the results showed that CoP angles and SAs did not differ between the LSS and LIDD groups, it is hypothesized
that such disorders that affect the gait could be reflected in the BD intersection angle. Therefore, the BD intersection angle is
suggested as a clinical indicator in clarifying patients with lumbar spinal disorders.
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Background

Motor patterns reflect biomechanical characteristics
and sensory activities (1). Gait adaptations could be induced
by injuries so that the resulted compensations lead to less
pain while moving (2). Pathological gaits have been widely
studied and characterized through introducing a variety of
gait parameters (3). Normally, aging is accompanied by
degenerative changes and spinal narrowing which could be
exacerbated due to various factors (4).

Lumbar spinal stenosis (LSS) is considered as the most
common degenerative change in the course of aging (5, 6).
The economic burden of such spinal diseases is notable
(7-9). LSS compromises neural functionality and causes
significant debilitation. The most and the least commonly
involved levels are the L4-L5 and the L5-S1, respectively (4).
Lumbar intervertebral disc degeneration (LIDD) could also
end in LSS. The similarity of symptoms barricades the
differentiation between LSS and LIDD (4, 6). Although
screening patients’ behaviors due to pain, along with
neuroimaging and electromyography data could be
valuable in the differential diagnosis (4), clear radiological
demonstration of LSS has been proved to play a key role
(10). Imaging modalities, however, could not accurately
reveal the spinal canal narrowing in all individuals (11).
Therefore, there is a paucity in studies accounting for
quantitative comparison between spinal disorders that
affect the same anatomical regions. In the present work,
we considered two groups of patients with the same levels
of lumbar spinal involvement.

According to Chang et al. (12), CoP angle, also known as

toe-out angle, is shown to be related to the clinical issues
which are evident radiologically (13, 14). The CoP trajectory
could be adversely affected/compensated by anatomical
and mechanical factors that involve foot function (15, 16).

The CoP angle has been shown to be correlated with
musculoskeletal diseases (12). Since prominent
asymmetries in gait parameters could possibly indicate
pathological states and consequent compensations (17-19),
the symmetry angle (SA) of the CoP trajectory progression
has been surveyed in the literature (20).

In addition to the CoP angles and the corresponding
symmetry, parameters of butterfly diagram (BD) are
capable of evaluating gait compensations with aging or in
different pathological states (12, 21, 22). BD addresses
continuous trajectory of the CoP in the transverse plane
generated by the plantar pressure distribution during the
gait cycle. The related parameters could be used to assess
certain impairments in patients with musculoskeletal
disorders (MSDs) (13, 23).

We investigated the three CoP angle-associated
parameters, i.e., the CoP angle, the CoP SA, and the BD
intersection angle among patients with LSS and LIDD.

Methods

To compare CoP, SAs, and BD intersection angles in the
two groups of patients with lumbar spinal disorders, a
total of 16 subjects with either LSS or LIDD were recruited.
A Physical Medicine and Rehabilitation (PM&R) specialist
diagnosed their condition based on spinal magnetic
resonance images (MRIs). The study exclusion criteria
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included a previous history of fractures or surgery in
either the spine or the lower extremities. Additionally,
those with cardiovascular, respiratory, or cerebral
conditions were excluded. All subjects were free from
known progressive neurodegenerative diseases and
ambulatory problems. All subjects suffered from L4-L5 or
L5-S1 involvement of lumbar spine levels. Patients with
LIDD were mostly affected by dehydration, bulging, and
protrusion of the intervertebral disc. In patients with LSS,
the condition was manifested by the anatomical
narrowing of the spinal canal. All patients signed a written
informed consent form.

The subjects were individually instructed to carry out
the walking test. They were asked to walk normally on a
level plantar pressure distribution measurement system
(Gait analysis FDM-T, Zebris Medical GmbH, Germany). The
significant difference revealed in this study took
advantage of statistical and experimental requirements
regarding step numbers in each trial (24). Three successful
trials of each individual were recorded and analyzed. The
CoP and BD intersection angles were obtained by
implementing image processing methods. SAs were
determined using the collected parameters directly. To
compare the angles between the LIDD and LSS groups,
t-test analyses were performed, with the level of
significance set at 0.05.

To evaluate the CoP angle, the CoP progression of all
the recorded steps of the three trials were considered
separately for the left and right feet. Angle sign definition
is depicted in figure 1. 8; and 6z denote the left and right
foot CoP angles, respectively. The positive sign was
attributed to external rotation and the negative sign to the
internal rotation compared to the neutral line (NL).

The CoP angle was defined as the angle between the
line connecting the initial point to the end point of the
CoP position and the virtual line of progression during
gait (Figure 1).

a

0. | 0x | SA(%)
0,=0y | +- | +- 0
0<0g | + | + | 0<SA<50
0,<0x | + - >50
0>0e | + | + | 0<SA<s0

Figure 2. Different conditions that symmetry angle (SA) can accept based on
deviation of footprint during double-support phase of walking.

Figure 1. Center of pressure (CoP) angles: (a) Angle definition; (b) Definition of the
angle sign with respect to the neutral line (NL) indicated by a solid line

Equation (1) provides a measure of the percentage of
difference between the left and right side that quantifies
the asymmetry of the CoP angle (25):

SA (%) = (45"—arctangsjeft/eright)) % 100 (1)
Where SA is the symmetry angle and varies between 0
and 100% that refers to fully symmetric and fully
asymmetric conditions, respectively (Figure 2). Oefe/Brighc
corresponds to left-/right-side parameters of interest (they
could be considered as CoP angles that will be discussed in
more details later).
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The CoP lines of the BD form two included congruent
angles or BD intersection angles (0s) at the middle vertex
of the crossing angles. These angles are shown in figure 3.

Figure 3. Butterfly diagram (BD) intersection angles (6;) represented
by center of pressure (CoP) trajectory of both feet

Results

In this study, the CoP trajectory of subjects with either
LSS or LIDD during walking was explored. The mean age,
height, weight, and body mass index (BMI) of the subjects
were 50.53 + 9.13 years old, 162.8 + 8.3 cm, 76.8 £10.2 kg, and
29.7 £3.6 kg/m?, respectively.

The results showed that the CoP angles and SAs did not
differ between the patients with LSS and patients with
LIDD (P > 0.05). Estimated values for SAs indicated
asymmetry between the left and right lower limb of both
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groups (Table 1). The percentage of difference of SA in
patients with LIDD was lower than that of the LSS group.

Table 1. Center of pressure (CoP)-associated angles

LIDD (mean + SD) LSS (mean +SD) P-value
0y (deg.) 5.66+3.65 8.59+6.39 0.12
0(deg.) 256 4.65 3.59+4.89 0.36
0g(deg.) 79.96 +11.26 60.67 +24.36 <0.01’
SA (%) 29.98 +26.64 36.38 £20.28 033

LIDD: Lumbar intervertebral disc degeneration; LSS: Lumbar spinal stenosis
The asterisk indicates significance at P<0.05.

The results mentioned in table 1 pointed out that the
CoP angles of both left and right feet could not
differentiate between the patients with LSS and patients
with LIDD (P > 0.05). Moreover, there was no significant
difference in the SA between the two groups. Among the
three CoP-associated angles, only the BD intersection
angles differed between the two groups (P <0.05).

Discussion

The quantitative differentiation of LSS from those
medical conditions that mimic LSS manifestations could
be clinically important (4). There are two reasons for this
issue. First, verifying LSS in all patients based on
radiological imaging and common clinical criteria face
certain ambiguities (11). Secondly, exacerbation of the
intervertebral disc degeneration might confine aged
people ambulation and sensation when it leads to
stenosis. These patients are also more prone to
concomitant medical illnesses that correspond with
surgical operations (5). Therefore, introducing an
indicator that is capable of comparative differentiation
could be useful in clinical settings.

It can be concluded that the nature of 6z which
involves not only the left- and right-side of the body
functions, but also the interplay between them, accounts
for a more general state compared to the SA. The
introduction of BD intersection angles, as a quantitative
and comparative assessment of gait compensation, in
lumbar spinal conditions is of clinical value remembering
related prevalence and incidence. While LSS is considered
to be a highly frequent medical condition in orthopedic
and neurosurgical practice (5), LIDD could also
develop/exacerbate to LSS, mimicking similar symptoms
(4, 6). In this study, we comparatively investigated BD
intersection angles of the two groups of subjects. Based on
these findings, compensations that LSS and LIDD disorders
enforce on gait could be reflected in BD intersection
angles (P <0.05).

The limitations of the present work included low
sample sizes, and lack of clinical assessments e.g. pain
score, severity of the stenosis, and functionality of
patients. Such clinical assessments could correlate the
patient’s medical condition to spatio-temporal gait
parameters (26). Future works will consider gender-
specific and age-specific populations to provide a better
understanding of any existing correlation between the
patients with LSS and patients with LIDD.

Conclusion

The aim of this study was to assess and compare angle-
associated parameters of gait kinematics between two
groups of patients with anatomical lumbar impairments.
In this investigation, subjects with the same level of spinal
problems, one with LSS and the other with LIDD were
considered. The parameters of interest were extracted
from CoP positioning of the subjects with LSS and LIDD
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during their gait cycles. We also introduced BD
intersection angles. Comparing kinetics of patients with
the same lumbar spinal zone problem have not been yet
studied except in an ongoing work by the authors. The CoP
and SA angles did not differ between the two groups
(P> 0.05), while BD intersection angles showed significant
differences. The results could be noted in clinical
assessment of the aforementioned spinal problems. It
could be inferred that BD intersection angles of gait could
be a bio-index to differentiate between individuals with
LSS and LIDD.
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