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Background: Trunk pelvic dissociation is fundamental to the compensatory mechanism for muscle weakness
during body bending. We carried out an early investigation of gait changes in a sample of community-dwelling
women 260 years without gait complaints. The primary objective was to correlate spine and pelvic angles with
performance tests and accelerometry parameters. The secondary objective was to correlate performance tests with

Methods: In this cross-sectional study, 54 community-dwelling women =60 years were subjected to Falls Efficacy
Scale-International (FES-I), performance tests (Berg Balance Scale, Timed Up and Go, and Gait analysis), and
radiographic analysis of sagittal alignment (Thoracic and Lumbar Cobb, Pelvic Incidence, Sacral Slope, and Pelvic Tilt
angles). Gait speed was assessed in a 10-m comfortable walk, and accelerometry parameters were obtained in a 30-

Results: The sample, aged 72 + 6 years, exhibited moderate correlation between Sacral Slope and Step Length (+
0.615). Sacral Slope weakly correlated with FES-I (—0.339), Berg Balance Scale (+0.367), and with further
accelerometry data in the AP plane: RMS, (+0.439) and Stride Regularity (+ 0.475), p < 0.05, all. Lumbar Cobb weakly
correlated with the following accelerometry data in the AP plane: Step Length (+0.405), RMS, (+ 0.392), and Stride
Regularity (+0.345), p < 0.05, all. Additionally, Stride Regularity in AP moderately correlated with FES-I (0,561,

p < 0.05), among other weak correlations between performance tests and accelerometry data in AP.

Conclusions: Early alterations in Sacral Slope and gait abnormalities in the AP plane may provide understanding of

Background

With ageing, a compensatory mechanism to the align-
ment derangement between pelvis and trunk occurs as a
deliberate strategy to overcome the decrease in muscle
strength [1]. Since the walking function requires integ-
rity and fine-tuning of various body systems, the study
of gait can reveal early changes in functional perform-
ance [2, 3]. With the loss of strength, decrease in decel-
eration control of the upper segments of the trunk in
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relation to the lower ones occurs particularly in the an-
teroposterior (AP) plane [1]. The control of the shoulder
to head acceleration is less effective in older women than
in men, suggesting a strain in the ability to exploit the
cervical joints to attenuate the AP acceleration [4]. Fur-
thermore, instead of using the ankle muscles to maintain
balance, there is a greater demand from the muscles
around the hips and thoracolumbar region [1, 5, 6].

As posture tends to flexion, the progressive forward
displacement of the center of mass (CM) near the stabil-
ity limit requires compensation to maintain gait speed
[7]. The kinematics analysis of the pelvis and lower ex-
tremities using a 3-dimensional video-based motion
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system has shown that the retroversion of the pelvis is
the resulting compensation for the increased kyphosis
acquired over time. Studies on the role of the sagittal
alignment in gait have confirmed that compensation
mechanisms of increased kyphosis in the elderly include
a sequence of events, such as posterior pelvic tilting, in-
crease in hip extension, then knee flexion and increase
ankle dorsiflexion [8]. A study of the sagittal alignment
and gait speed influences on falls of middle-aged and
older males has shown that falls in the previous year was
associated with the reduction in lumbar lordosis, sacral
slope, and decrease of the gait speed [9].

When accelerometers were incorporated into clinical
practice as an instrumental method to objectively detect
small changes in the functioning of postural control in
older adults [10], there was a progress in the assessment
of gait adaptive mechanisms that compensate for
changes in posture. The advantage of these portable de-
vices is the possibility of recording spontaneous move-
ments out of the laboratory environment. For review on
the advantages of accelerometers as a method of early
detection of alterations in balance in older people see
Leir6s-Rodriguez et al., 2019 [11]. Very few studies have
used accelerometers to access the gait responses to the
body’s forward displacement of the CM in older adults
in a free-living context. Groot et al, demonstrated that
the correcting responses result in an increase in the risk
of falling due to lower stability of the gait, and a more ir-
regular trunk acceleration [12]. Lack of coordination
linking acceleration variability between the trunk and
feet in a constrained gait have been demonstrated by
accelerometry, even in healthy older fallers, when sub-
jected to a protocol of gait analysis in a treadmill with
variable speed [13].

Considering the value of early physical ability improve-
ment on the prevention of falls in older adults [14], and
the lack of studies on the association of sagittal align-
ment and accelerometry analysis of gait, this study was
conducted to investigate the correlation of the spine and
pelvis alignment with changes in accelerometer-based
gait parameters in asymptomatic women aged 60 years
or older. The primary objective was to evaluate the cor-
relation between spine and pelvic angles in performance
tests and accelerometry parameters. The secondary ob-
jective was to study the correlation of performance tests
and accelerometry.

Methods

Participants

In this cross-sectional study of a sample of women aged
60 years or older, who were physically active and inde-
pendent from assistance or assistive tools, were consecu-
tively recruited from the Open University of the Third
Age of the XXXXXXXX. Inclusion criteria comprised
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good cognitive condition (MiniMental State Examination
(MMSE) score > 24 [15], Body Mass Index below 30 kg/
m?, and robustness [16]. Exclusion criteria comprised
the reporting of falls in the previous year, complaints of
back pain or impaired gait, > 7 points in the Clinical-
Functional Vulnerability Index (IVCF-20) [16], scoliosis
Cobb angle > 20°; skeletal abnormalities, neurological or
musculoskeletal disabilities that interfered with gait; un-
controlled diabetes mellitus; alcoholism; history of spine
surgery, and fractures or prosthesis implants in the
lower limbs.

The research was approved by the Ethical Committee
of XXXX (#824.155), and written informed consent was
obtained from each participant after the explanation of
the objective and methodology of the study. During the
first visit, participants answered questionnaires regarding
cognitive condition, vulnerability, falls, and self-reported
exercise adherence. The answers were evaluated by a
rheumatologist (XX) and in case of eligibility for the
study, the participants were sent to radiological evalu-
ation of the sagittal balance, carried out by a trained
radiologist (XX). In a second visit, performance tests and
accelerometry recordings were conducted by a trained
physical therapist (XXX).

Questionnaires

The IVCF-20 was used to assess vulnerability. The
IVCF-20 is a 20 question multidimensional inventory
that covers aspects of the elderly’s health conditions,
which includes age, health self-perception, functional
disabilities, cognition, mood, mobility, communication,
and multiple comorbidities. The maximum score is 40
points and the higher the value obtained, higher is the
elderly’s risk for clinical-functional vulnerability. In our
study, robustness was defined for scores <7 as reported
for the Brazilian elderly [16].

Cross-cultural adaptation of the Falls Efficacy Scale-
International (FES-I) for Brazilians was used to assess
the fear of falling during the previous year. This 16-
question inventory inquiring “how concerned are you
about the possibility of falling” is rated as not at all,
somewhat, fairly, and very concerned. The total score
ranges from 16 to 64 points, being the higher values in-
dicative of higher concern about falling [17].

Self-reported exercise adherence was assessed by the
weekly frequency of reported aerobic or resistance train-
ing exercises in the previous month. According to the
answers, subjects were considered as highly active (phys-
ical exercises at least 3 days a week), moderate (at least
once a week) and inactive (less than once a week).

Performance tests
Participants were subjected to two sessions of a 10-m
walk at a comfortable speed, which was measured in
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meters/second. The tests were performed on a level and
clear 30-m corridor, with 1.5-m space for acceleration
and deceleration, and without encouraging words. Gait
speed between 0.90-1.42 m/s has been considered ad-
equate for the walking economy during the ageing
process [18, 19]. Berg Balance Scale validated to Brazil-
ian Portuguese [20] was used to assess functional bal-
ance performance; and was based on 14 questions with
answers ranging from 0 to 4 points. Total scores of 0 to
20 represent balance impairment, of 21 to 40 indicate
acceptable balance, and of 41 to 56, good balance [21].

Timed Up-and-Go (TUG) was also carried out for
functional performance. Participants, wearing their usual
footwear, were seated on a standard chair with solid seat,
with their backs supported by a flat backrest, and their
arms supported by armrests. At the evaluator’s instruc-
tion, they had to stand up, walk a 3 m-distance in a
straight line, in a comfortable speed, cross a mark on the
floor, then turn around 180°, walk back, and sit down
again. There was one practice session immediately be-
fore the test session was performed. The evaluator initi-
ated the chronometer at the moment the participants
stood up, and stopped it only when they were seating on
the chair with their arms and back supported again.
TUG values over 12.47 s are considered as predictive of
falls for the Brazilian older adults [22]..

Radiological evaluation
For Pelvic Incidence, complete overlap between the fem-
oral heads was required. Sagittal images were obtained
with subjects in the orthostatic position, with upper
limbs flexed, hands on the shoulders in 30° flexion,
knees extended, and looking straight ahead. The image
scope was from the cervical spine to the femoral heads,
and the distance from source-to-film was 2.3 m [23].
Thoracic Cobb angle was computed as the angle
formed between the two straight lines that were orthog-
onal to the upper endplate of T4 to the endplate of T12.
For Lumbar Cobb the reference points were the upper
endplate of L1 to the lower endplate of L5 [24]. Thoracic
Cobb mean values for older Brazilian women are 43.1° +
13.6°%, and for the Lumbar Cobb, —41.7° + 11.9° [25].
Pelvic Incidence angle was defined by a line drawn
from the center of the femoral heads to the midpoint of
the sacral endplate, and a line perpendicular to the cen-
ter of the sacral endplate. Pelvic Tilt was defined as the
angle subtended by a vertical reference line originating
from the center of the femoral head and the midpoint of
the sacral endplate. Sacral Slope was defined as the angle
subtended by a horizontal reference line and the sacral
endplate line. The reported mean reference values for
Brazilians, older than 60 years were: Pelvic Incidence
angle of 50.9° + 6.6°, Sacral Slope of 37.4° + 5.1°, and Pel-
vic Tilt of 13.8° + 5° [26].

Page 3 of 9

Accelerometry

We wused the MiniMod DynaPort™ (McRoberts,
Netherlands) with a signal acquisition frequency of 100
Hz, in a range of variation of +2 g in a 30-m walking trial
[27]. The device was attached to a belt that was placed
firmly at the point behind the spinal process of L3. This
point is easily located and it is convenient for global
measure of walking parameters, due to its proximity to
the CM in the upright stance and during walking [28,
29]. Gait was assessed in a 30-m walk distance held at
comfortable speed, with a 1.5-m space for acceleration
and deceleration, and without encouraging words.

Data was collected by MiniMod Acquire (MIRA™;
McRoberts, Netherlands) and processed using iGait,
which is an open-source software from MatLab™ envir-
onment [30]. After alignment correction, gait data ex-
tracted in the temporal domain included: Stride
Regularity, Gait Symmetry, Root Mean Square (RMS)
value in the anteroposterior (AP), vertical (V), and
medio-lateral (ML) planes. The square root values of the
three planes were normalized to the average value of
square root/RMS. Step and Stride Regularities were de-
fined as the correlation between the original acceleration
signal and the acceleration signal phase shifted to the
average step and stride time, respectively [28—30]. Gait
Symmetry was defined as the difference between the
consistency of strides and steps in the accelerometer
waveforms. Step Length was calculated dividing the 30-
m walk distance by the number of peaks of acceleration
detected by the accelerometer during the foot contact
with the ground.

Statistical analysis
A sample of 38 elderly women allowed detection of a
correlation of 0.44 or more between radiographic and
accelerometer-derived data with an alpha of 0.05 and
power of 80% [31].

Mean and standard deviation (SD) were used for data
with parametric distribution whereas median and inter-
quartile range (IQR) were used for the non-parametric
data. The Spearman’s rank correlation coefficient was
used to calculate correlations between the angles of the
spine and pelvis with clinical, functional and
accelerometer-derived parameters.

Multivariate regression was used to evaluate the exist-
ing association of age with radiological and
accelerometer-derived data of normal distribution. Inde-
pendent variables tested were age, height, weight, Thor-
acic Cobb, Lumbar Cobb, Sacral Slope, Pelvic Tilt,
whereas the dependent variables tested were, RMS, Step
Length, Stride Regularity and Gait Symmetry in all
planes. Data were tabulated and analyzed using SPSS
Statistics for Windows, Version 22.0, IBM Corp and the
significance was set at 5%.
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Results

The sample of 54 women, aged 60 years and older, who
met inclusion criteria and agreed to participate in the
protocol was selected among 220 volunteers (Fig. 1).

The characteristics of the sample are described in
Table 1. In comparison to what has been reported for
Brazilians older than 60 years [26], we observed an in-
crease in the following pelvic angles mean + SD: Pelvic
Incidence (50.9°+6.6° vs. 57.9°+11.5°), Pelvic Tilt
(13.8 +5° vs. 17.4+ 8.0°) and Sacral Slope (37.4° +5.1° vs.
40.4° +7.8°). In comparison to the literature on older
women [25], there was an increase in mean + SD Thor-
acic Cobb (43.1°+13.6° vs. 47.4°+9.7°) and Lumbar
Cobb (-41.7° +11.9° vs. -46.3° + 7.5°).

Regarding self-reported exercise adherence, 21 (38.8%)
of the women were considered as inactive, 27 (50.0%) as
active, and 6 (11.1%) as highly active. Even though report
of falls in the previous year was one of the exclusion cri-
teria, 30 participants (55.5%) scored above 23 in FES-],
which has been associated with the adoption of strat-
egies to avoid falls [17].

In the performance tests, 43 (79.6%) of the subjects
presented TUG values below the predictive cut-off for
falls for older Brazilians, which corresponds to 12.47 s
[22]. As shown in Table 1, the median TUG value was
9.4 with IQR of 2.2. The median Berg Balance Scale
score was 50 with IQR of 4, and a minimum score of 37
[20]. Two participants (3.7%) scored between 20 and 41,

220 women
age>60 years
functionally independent
»| 38 knee osteoarthritis
A4
| 182 women |
»| 16 lower limb fracture
I 166 women |
> 42 chronic pain
v
’ 124 women |
> 15 walking aids
v
| 109 women |
»| 94 inability to comply
with the protocol 1
> 1 errorin
accelerometer data
y acquisition
54 women
Fig. 1 Inclusion of participants in the study
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Table 1 Sample characteristics
N=54 Mean sD Minimum  Maximum

or or

Median IQR
Age (years) 7233 6.14 61.00 85.00
Height (m) 15152 621 140.00 165.00
Weight (kg) 59.82 897 4400 80.00
MMSE 26.48 4.04 24.00 30.00
FES-I (median [IQR]) 24.00 7.25 17.00 45.00
Berg scale (median [IQR]) 50.00 4.00 37.00 56.00
TUG (sec) (median [IQR]) 943 2.20 6.57 15.45
Gait speed (m/sec) 1.10 0.19 0.57 1.54
Thoracic Cobb (degrees) 4743 9.67 17.00 62.00
Lumbar Cobb (degrees) 46.31 7.54 19.00 55.00
Pelvic Incidence (degrees) 5791 1146 3940 85.78
Sacral Slope (degrees) 4041 7.79 30.17 4941
Pelvic Tilt (degrees) 1742 8.03 0.00 46.00

Comfortable gait speed in 10-m gait test
SD standard deviation, /QR interquartile range, MMSE MiniMental State
Examination, FES-/ Fall Efficacy Scale -International, TUG Timed up and Go

which is considered an acceptable balance. Mean + SD
comfortable gait speed obtained in the 10-m walk test
was 1.10 £ 0.19 m/s and the one obtained by accelerome-
try was 1.09 £ 0.19, with a correlation rg of 0.679, (p <
0.01) between them. Comfortable gait speed in the 10-m
walk test negatively correlated with TUG (- 0.620;
p < 0.01) and with Thoracic Cobb (- 0.341; p < 0.05).

Correlations of spine and pelvis angles were
assessed with FES-I, performance tests, and with
accelerometer-derived data. Significant findings are
shown in Tables 2 and 3, respectively. Complementa-
rily, significant correlations of FES-I and performance
tests with accelerometer-derived data were found in
the AP plane are (Table 4). Mean = SD values of the
accelerometer-derived parameters that presented sig-
nificant correlations with sagittal alignment data
(Table 3) and performance tests (Table 4) were: RMS
(0.17 £ 0.04, range 0.06-0.25g), Step Length (0.59 +
0.08, range 0.34-0.73 m), Stride Regularity (0.81 +0.10
range 0.61-0.90), and Gait Symmetry (6.04 +3.04,
range 0.3-0.97). Pelvic Tilt angle and accelerometer-
derived variables in the ML and V planes were not
included in the Tables due to the lack of correlation
with the other parameters.

In the multiple regression analysis, age accounted for
12.3% of the variance of RMS in AP and the overall re-
gression model was F (1,53) =7.43, p =0.009, R? coeffi-
cient of 12.3, with a positive independent contribution
of age (unstandardized beta coefficient of 0.002). In
addition, there was a slight correlation of age with RMS
in AP (- 0.351; p< 0.01).
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Table 2 Correlations of spine and pelvis angles with FES-l and performance tests

N=54 Thoracic Cobb Lumbar Cobb Pelvic Incidence Sacral Slope
Gait speed —0.341* -0.130 -0.139 0.178

FES-I +0.242 +0.199 +0,149 -0.339*

TUG (sec) +0.341% —-0.030 -0.039 +0.178

Berg Balance Scale +0.197 +0.187 +0.269 +0.367**

Comfortable gait speed in 10-m gait test
FES —I Fall Efficacy Scale - International, TUG Timed Up and Go
Spearman correlations: * p < 0.05, ** p <0.01

Discussion

This study was proposed to provide new information on
the relationship between radiographic measures of spinal
alignment and parameters of gait extracted from accel-
erometry in robust, community-dwelling women aged
60 years and older. The results revealed that Sacral
Slope, rather than Lumbar Cobb, positively correlated
with Step Length and weakly with RMS and Stride Regu-
larity in the AP plane. Furthermore, weak correlations of
Sacral Slope were obtained with FES-I and Berg Balance
Scale. The underlying implications of such correlations,
albeit weak, need to be reported.

During walking, the tendency is to choose a gait speed
that optimizes the body movement and minimizes the
energy cost per distance. Walking faster or slower re-
quires more energy and increases the magnitude of
speed variation due to gait instability [32]. The gait
speed of our sample was within the expected range for a
comfortable gait speed in a 10-m walk by robust women
between 60 and 79 years [18, 33]. The association of age
with slowing of temporal gait measurements still re-
mains controversial [34—36]. It has been suggested that
a “cautious gait” pattern, is a marker of an underlying
pathology and not an age-related process [37]. While
low walking speed has a negative effect on stability, short
Step Length has a positive effect on it [18].

Kerrigan et al., 2001 observed that in a group of robust
older adults (10 men and 13 women) with similar mean
age of our sample, fallers presented a shorter Step
Length than non-fallers (0.49 + 0.08 m vs, 0.61 + 0.06 m).
The Step Length mean value obtained in our group of
non-faller older women was 0.59 +0.08 m. The slight
difference may be attributed to the inclusion of men in
their sample [3]. Even though we only included non-

faller older women in our research, FES-I median score
of 25 indicates their substantial fear of falling [17]. In
TUG test, 79.6% of the sample exhibited values below
12.47 s, which has been considered as a predictive cut-
off for falls for older Brazilians [22]. The finding of nega-
tive correlations between FES-I and TUG with Step
Length supports the hypothesis that shortening of the
Step Length corresponds to a postural adaptation to in-
crease time spent in double support for maintenance of
balance [34, 38]. Postural control and balance are im-
portant aspects of gait stability and are necessary to re-
duce the chances of falling [39].

Hyperkyphosis has been considered as the earliest
body posture change throughout ageing, both in healthy
women [6] and men [40]. The impact of the forward dis-
placement of the CM on gait, related to a hyperkyphotic
posture, was confirmed in the present study by the nega-
tive correlation between Thoracic Cobb and Gait Speed
in the 10-m walk test, and with the positive correlation
with TUG. For the maintenance of the sagittal align-
ment, thoracic kyphosis compensation by retroversion of
the pelvis and sacral verticalization would be expected
when Pelvic Incidence allows the CM projection not to
exceed the base of support [41]. The stress that hyperky-
phosis poses to the gait yields in decline in the walking
economy [18].

Furthermore, the pelvic three-dimensional movement
corresponds to a kinematic mechanism that maintains
the efficient translation of the CM and pelvic
anteversion-retroversion movement influence on the
Step Length [42]. How reduction in pelvic rotation con-
tributes to the “cautious gait” in older adults still re-
mains unknown. The negative correlation between FES-I
and Sacral Slope, albeit weak, suggests that the fear of

Table 3 Correlations of spine and the pelvis angles with accelerometer-derived data in the anteroposterior plane

N=54 Thoracic Cobb Lumbar Cobb Pelvic Incidence Sacral Slope
RMS +0.017 +0.392%* +0.318* +0439%*
Step Length +0.124 +0.405** +0430* +0.615%
Stride Regularity +0.091 +0.345* +0.260 +0475%
Gait symmetry +0.107 -0.102 —0.248 —-0.150

RMS Root Mean Square of acceleration during walking (center of mass displacement)

Spearman correlations: * p < 0.05, ** p < 0.01
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Table 4 Correlations of accelerometer-derived data in the
anteroposterior plane with FES-I and performance tests

N=54 RMS Step Stride Gait symmetry
Length  Regularity

Gait speed 0.236 0.035 0.118 0.005

FES-I +0407**  -0414** +0561**  -0318*

TUG (sec) +0313* 0367 +0381* —0.489**

Berg Balance Scale +0.103  +0249  +0.105 —0.031

Comfortable gait speed in 10-m gait test

RMS Root Mean Square of acceleration during walking (center of mass
displacement), FES -/ Fall Efficacy Scale - International, TUG Timed Up and Go
Spearman correlations: * p < 0.05, ** p < 0.01

falling was greater in those with a verticalized sacrum.
The retroversion of the pelvis and the sacrum verticali-
zation impose a maximum hip extension impairing the
ankle push-off reaction, with a negative effect on the dis-
placement of the CM which oscillates back and forth
from the support base during walking [3, 12, 43].

In our sample of older women, without gait com-
plaints, there was an increase in the expected mean
value of Pelvic Incidence and Sacral Slope [26]. Notwith-
standing, a Sacral Slope between 35° and 45°, as obtained
in our sample, is described as representative of a healthy
balanced spine [44]. Pelvic Incidence values below 44°
are related to a decrease in Sacral Slope and flattening of
Lumbar Lordosis, whereas values above 62° have the op-
posite effect. Sacral Slope is the key parameter contrib-
uting to the sagittal curvature. The degree of the Sacral
Slope determines the position of the lumbar spine, since
the sacral plateau forms the base of the spine and there-
fore may provide the possibility of balance [45]. Lower
Pelvic Incidence results in lower Sacral Slope and lower
degree of Lumbar Lordosis [46]. Even though this rela-
tionship is independent of the ageing process, parame-
ters of the sagittal alignment of the spine and pelvis
should be taken into account in studies of gait even for
the robust older adults.

The detrimental effect of sagittal imbalance on gait
performance has been evidenced by Miyazaki et al., in a
sample of asymptomatic older men with an age range
similar to our sample [40]. Our finding of a positive Berg
Balance Scale correlation with Pelvic Incidence and Sa-
cral Slope, although weak, is in line with the positive ef-
fect of high Pelvic Incidence and Sacral Slope on
balance. The Berg Balance Scale was originally developed
to assess the functional performance of balance through
functional tasks that require equilibrium in older people.
The weak correlation that we obtained might be attrib-
uted to the discrepancy between the static characteristic
of most tasks assessed by Berg Balance Scale and the dy-
namic nature of walking [47].

The correlation of our sagittal alignment data with
accelerometer-derived gait parameters suggests early
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difficulty in controlling the displacement of the CM in
the AP plane, Ideally, a perfect sagittal alignment occurs
when the body weight is positioned along a line slightly
behind the rotation axis of the two femoral heads. Low
values of Sacral Slope and Lumbar Cobb angles limit the
pelvis movements, what result in an inefficient balance
control [48], as shown in our study by the negative cor-
relation of Sacral Slope with FES-I and positive correl-
ation with Step Length. Further positive correlations,
albeit weak, are in line with this finding, such as Pelvic
Incidence and Lumbar Lordosis correlation with Step
Length and RMS in AP, and Sacral Slope with both
RMS and Stride Regularity in AP.

Early alterations found in AP plane result in a loss in
propulsion and braking phases of gait in older women
with preserved mobility, suggesting a correlation be-
tween shortening of Step Length and gait destabilization
[2, 29]. Considering that the major component of gait
occurs in the AP plane, it becomes necessary to increase
the effort at this plane to keep the progression of the gait
[49].. Increased fear of falling requires more energy con-
sumption to support the AP displacement due to the in-
crease in step rate. Shortening of the Step Length is
associated with a decline in the walking economy and ir-
regular body acceleration in the AP plane, which is the
major component of gait [18, 32]. Our data shows nega-
tive correlation of FES-I with Step Length, but a positive
correlation of FES-I with Stride Regularity in AP, sug-
gesting preservation of the functional ability to control
the step sequence. The increase in energy required to
sustain the walking forward is reflected by the positive
correlation of FES-I with RMS in AP plane. Acceleration
RMS estimates the magnitude of the variation of the
gravitational potential energy of the CM that is ex-
changed for forward kinetic energy. The increase in en-
ergy consumption can be expressed as an increase in
RMS [50].

Age related decline in walking economy is associated
with the adoption of an increased gait rate and progres-
sive irregular body acceleration in the horizontal plane.
A higher gait rate is a consequence of the shortening of
the Step Length which characterizes an unstable walking
[18]. The negative correlations of both FES-I and TUG
with Gait Symmetry in AP suggest that impaired Gait
Symmetry might also be a predictor of future falls [51].
The value of TUG remains in the fact that it corre-
sponds to the challenge in the energy required to adopt
different postures and change of directions.

Our data shows the impact of the insufficient compen-
sation of the sagittal alignment by the upper or lower
body segments on the gait pattern [45], even in robust
older women, However, there are several limitations in
this study. First, the cross-sectional design and consecu-
tive sampling prevent generalization of our findings.
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However, our decision to enroll every single participant
who met inclusion criteria until the sample size was
reached was based on the higher reliability of the results
than we would get with subjects chosen the by the inves-
tigator’s convenience sampling. This way, our results can
be considered as useful guidelines for future studies.
Second, since a longitudinal design is better suited for
studies on the gait pattern in older adults, we intend to
follow this sample of robust older women over time in
order to detect the turning point when gait changes be-
come symptomatic. Third, many of the correlations we
found were not strong. Subtle gait changes that increase
the risk of falls might not have been accurately recorded.
A longitudinal study will enable confirmation of the rele-
vance of the findings with weaker correlations, which
are already supported by the literature. Fourth, potential
measurement errors in the Cobb angle may be attributed
to the variation within and between observers due to the
poor visualization of the vertebral body limits; that are
covered by overlying tissue densities, the presence of
transition vertebra, variations related to the minor rota-
tion of the subject between examinations, and the vari-
ation in the same subject. Lack of accuracy is more
relevant for smaller angles (<10°), which was not the
case for the present study.

Even with these limitations, our results support the hy-
pothesis that there is a correlation between the spine
and pelvic angles with the performance tests and accel-
erometry parameters. Sacral Slope and Lumbar Cobb
positively correlate with Step Length. Further weak cor-
relations of sagittal alignment were obtained with
accelerometry-derived parameters, however considering
the complexity of the walking mechanics that influence
gait, we would not expect that any single correlation
would be particularly high in robust older women. The
contribution of the Sacral Slope on impact absorption
and variability of trunk movements during gait deserves
further elucidation.

Conclusions

While we expected preserved walking conditions, gait al-
terations in the AP plane were detected and were corre-
lated to lower Sacral Slope and Lumbar Lordosis. Our
results have a possible application in the understanding
of the early changes in the postural control during gait
in robust older women.
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