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Purpose: The effects of lumbosacral and spinal orthoses on low back pain and gait are not 

exactly clear. We previously developed a trunk orthosis with joints providing resistive force 

on low back load to decrease such load, and confirmed its positive effects during level walking 

in healthy young adults. Therefore, we aimed to determine the efficacy of this trunk orthosis 

during level walking in healthy elderly subjects.

Methods: Fifteen community-dwelling elderly subjects performed level walking at a self-

selected speed without an orthosis, with our orthosis, and with a lumbosacral orthosis. Kinematic 

and kinetic data were recorded using a three-dimensional motion analysis system, and erector 

spinae activity was recorded by electromyography.

Results: When comparing the three conditions, our orthosis showed the following effects: it 

decreased the peak extension moment, increased the peak flexion moment, decreased the lateral 

bending angle, increased the peak thoracic extension angle, and had significantly lower erector 

spinae activity and significantly larger peak pelvic forward tilt angles.

Conclusion: Our orthosis with joints providing resistive force decreased low back load and 

modified trunk and pelvis alignments during level walking in healthy elderly people.

Keywords: biomechanics, orthosis, gait, low back pain, joint moment, motion analysis

Background
The lifetime prevalence of low back pain (LBP) is high; 70% of adults have had LBP 

at some time.1 Moreover, the number of patients with LBP in developed countries is 

increasing in line with the proportion of elderly.2,3

Conservative and postoperative treatments for LBP include the use of class 1 

medical devices such as a lumbosacral orthosis (LSO).4 Cholewicki et al observed that 

one of the causes of LBP is excessive erector spinae muscle activity, which could be 

reduced with an LSO.5 Any decrease in the compressive force exerted on the vertebral 

body by reducing such activity with an LSO would benefit those with osteoporosis and 

vertebral compression fracture, conditions to which elderly people are vulnerable.

However, a review of data held in the Cochrane Database found no evidence for the 

efficacy of lumbar supports alone in preventing and treating LBP.6 Although Pfeifer 

et al reported that their newly designed spinal orthosis had several positive effects on 

muscle strength, body balance, kyphosis angle, and vital capacity in elderly patients 

with osteoporosis,7 to our knowledge, no previous studies have reported any significant 

effects of wearing a trunk orthosis to specifically decrease erector spinae activity and 

low back load in elderly people. To address this issue, we previously designed a trunk 

orthosis to improve trunk and pelvic stability and alignment by means of resistive force 
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provided by joints with springs (Figure 1).8 This orthosis 

with joints providing resistive force (ORF) creates resistive 

force to produce a resistive moment that rotates the trunk 

backward and pelvis forward. In our previous study, we 

reported the effect of this ORF in modifying trunk alignment 

and decreasing activity of the erector spinae during static 

standing in elderly subjects.9

A previous study reported that an LSO was effective for 

decreasing erector spinae activity in an unstable sitting posi-

tion, where adjustment was needed to balance the upper body,5 

while another study showed no positive effects of an LSO 

on decreasing low back load by decreasing low back muscle 

activity and increasing intra-abdominal pressure.10 To date, 

there have been no studies on the efficacy of a typical LSO or 

spinal orthosis for reducing low back load during level walking, 

where the demands for adjusting balance are high. We previ-

ously reported that our ORF prototype increased superficial 

abdominal muscle activity and decreased erector spinae activ-

ity during level walking in healthy young adults,11 and here 

we sought to explore whether our findings can be extended to 

the trunk muscular activities and the low back joint moment 

(LBM) during level walking in healthy elderly subjects.

This biomechanics study examined the effects of the ORF 

on the gait of healthy elderly people during level walking and 

compared the effects with those obtained without an orthosis 

and with an LSO. We hypothesized that the ORF and LSO 

would both effectively decrease low back load measured 

by joint moment and trunk muscular activities during level 

walking, but that the ORF, with its biomechanical function of 

decreasing low back load, would show a superior effect. This 

follow-up to our previous study9 was performed to confirm 

the hypothesis that ORF might decrease low back load not 

only in static standing but also in level walking, using a new 

biomechanical method.

Materials and methods
Subjects
From 31 community-dwelling elderly subjects who were 

candidates for this study, 15 were enrolled (all males; mean 

age, 67.7±6.1 years; mean height, 162.4±5.7 cm; mean 

weight, 62.3±7.8 kg) after excluding those with neurological 

disease, pain, history of an orthopedic surgical procedure, 

history of orthopedic treatment within the past 5 years, and 

history of LBP within the past 1 year. The study subjects 

were the same as those of our previous study.9 The study 

was approved by the ethics committee of the International 

University of Health and Welfare (11–191). All the subjects 

provided written informed consent to participate.

Features of the ORF
The ORF is shown in Figure 1 and its features are described 

in our previous study.8 Briefly, pelvic and upper supports 

Link
mechanism

Upper
support

Resistive
moment

Reaction
moment

Adjustable
screw

Extension
spring

Pelvic
support

OFF
ON

Tension
lever

Figure 1 Our trunk orthosis with joints providing resistive force.
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are positioned on the ileum and sternum, respectively. 

Stainless steel joints, connected to the upper support with 

a nylon pad and to the pelvic support, produce resistive 

force through the use of extension springs. A link mecha-

nism translates the spring-generated tension into a resistive 

moment on the chest and a reaction moment on the pos-

terior pelvis. The ORF weighs 0.99 kg and has a range of 

motion of 40 degrees. The upper support initially inclines 

backward to exert resistive force on the chest. The ORF 

has a release mechanism that releases the resistive force by 

pulling tension levers downward. Adjustment screws con-

trol the magnitude of the spring-generated resistive force. 

The ORF is currently an investigational product that has 

not been approved by the Food and Drug Administration 

or by a corresponding national agency for the indication 

described herein.

experimental conditions
The subjects walked 10 m on a level surface at a self-selected 

speed in a laboratory setting under three conditions: without 

an orthosis, with the ORF, and with an LSO (Damen Corset, 

Pacific Supply, Osaka, Japan). The Damen corset was 

selected as it is frequently prescribed for patients with LBP. 

After completing three walking trials without any orthosis, 

they completed three trials in the two orthosis conditions in 

a randomized order. A minimum rest interval of 5 minutes 

was set between the conditions.

The subjects were allowed 5 minutes to accustom them-

selves to wearing the ORF and the LSO. They then practiced 

level walking in the laboratory before measurements were 

taken. Resistive force on the chest provided by the joints 

was measured in real time using a strain gauge (Kyowa, 

Tokyo, Japan) and the force data were transferred to a laptop 

computer by Bluetooth (Figure 2) and the force was set to a 

magnitude of 20–25 N during static standing. The pressure 

between the corset and abdomen was set to 10 mmHg in all 

measurement conditions.12

experimental setup
Gait was recorded with a three-dimensional motion capture 

system (Vicon 612, Vicon, Oxford, UK) consisting of six 

force plates (four from AMTI, Watertown, MA, USA; and 

two from Kistler, Winterthur, Switzerland) and 12 infrared 

(IR) cameras with a sampling rate of 120 Hz. Referring to 

a study by Seay et al,13 41 IR-reflective markers (diameter, 

14 mm) were attached to each subject’s body. Additionally, 

three markers were attached over a strain gauge and on 

bilateral joints of the ORF. To measure muscle activity dur-

ing level walking, electromyograms (EMGs) were obtained 

(Biometrics, Newport, UK) at a sampling rate of 1,080 Hz 

for bilateral erector spinae (2 cm to the side between L4–L5 

vertebrae).14 Maximum voluntary contraction was measured 

while one physical therapist manually applied resistant force 

to the midpoints of the bilateral scapulae, with the subject 

lying in the prone position on a bed.

Data analysis
During acquisition, we performed full-wave rectification 

feeding into a band pass filter (20–420 Hz) to decrease 

noise and used Visual 3D analytical software (C-motion, 

Germantown, MD, USA). The obtained EMGs were normal-

ized using maximal voluntary contraction during isometric 

Figure 2 Trunk orthosis sensors and data transfer.
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contraction (as a percent), and the root mean square was 

calculated for a 50 ms window. Subjects performed iso-

metric contractions in prone against gravity with maximum 

resistance applied by the experimenter to obtain maximal 

voluntary contraction of the erector spinae.15

Visual 3D was used to perform kinetic and kinematic 

data analysis. The obtained physical coordinates and ground 

reaction force data were low-pass filtered with a second-order 

recursive Butterworth filter, with a cutoff frequency of 6 and 

18 Hz, respectively, according to Winter’s technique.16 The 

link segment model consisted of 13 segments: head, trunk, 

pelvis, bilateral upper arms, forearms, thighs, shanks, and 

feet. Briefly, the low back extension and flexion moments 

were calculated using the ground reaction force data obtained 

from the force plates, the reaction force on the chest obtained 

from the strain gauge, and the coordinates of the IR-reflective 

markers on the bodies of the subjects and an ORF. Moment 

exerted by an ORF was calculated by multiplying the force 

measured by a strain gate and moment arm from joint of an 

ORF to the force. In our previous study analyzing the ORF 

effect during static standing,9 we were not able to calculate 

LBM. The novelty of the present study lies in applying a 

new technique to calculate LBM during level walking while 

wearing an ORF. The moment was subtracted from the LBM 

calculated by using the ground reaction force data and the 

coordinates of the IR-reflective markers on the bodies of the 

subjects because the moment created by ORF joints equally 

gives forward rotation moment on the pelvis because of 

action–reaction law. In the analysis, segments were regarded 

as rigid and the joint moments were calculated using a link 

segment model in which segments were connected together 

at nodal points. To compute the joint moments, joints coor-

dinate data were added to the ground reaction force data, 

in which the position of the center of mass, the weight por-

tion, and the moment of inertia of each segment were used 

as parameters. The measurement data reported by Winter16 

were used as the body parameters necessary for calculating 

the LBM. Three-dimensional trunk and pelvic angles were 

calculated by the Eulerian method using coordinate systems 

as determined by markers on the trunk and pelvis, respec-

tively. In this study, we defined LBM and bilateral erector 

spinae activities among these parameters as low back load 

because LBM and ES activities indicate the rotation force 

around the low back joint and the action of the low back 

muscles, respectively.

Statistical analysis
Peak values of kinetic and kinematic data acquired dur-

ing level walking were extracted from the phase between 

mid-stance and terminal stance (MTS), and the pre-swing 

phase in one gait cycle of the right limb because it was not 

possible to calculate the LBM when a subject’s posterior 

foot did not contact the force plates (Figure 3). Integral 

values of EMGs were calculated during stance. Mean 

Values for this phase could not be used for
analysis because these low back joint
moments include inaccurate data when the
posterior foot does not contact the force plates
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Figure 3 Average low back joint moments without orthosis (dotted line), with trunk orthosis with joints providing resistive force (ORF; solid black line), and with 
lumbosacral orthosis (LSO; solid gray line).
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peak values of LBM, three-dimensional trunk and pelvic 

angles, and integral EMGs were calculated from the data 

obtained in three trials and were selected as representa-

tive values for analysis. Peak LBMs were normalized by 

subject weight (kg). Comparison was performed using 

repeated measures analysis of variance (ANOVA) after 

confirming non-deviation of the data and performing the 

Kolmogorov–Smirnov test, and variables showing a sig-

nificant difference were subjected to multiple comparisons 

with Bonferroni correction. Significance was established 

at P,0.05. Statistical analysis was performed using SPSS 

20 (SPSS Inc., Chicago, IL, USA).

Results
As shown in Tables 1 and 2, all kinematic and kinetic parameters 

differed significantly among the three conditions.

Low back load
Averaged LBM waveforms for all subjects in the three 

conditions are shown in Figure 3. The peak flexion moment 

was observed at the beginning of pre-swing and the peak 

extension moment at the end of pre-swing. Averaged 

waveforms of LBM and resistive force on the chest while 

wearing the ORF are shown in Figure 4. Force exerted on 

the chest was 34–37 N, which occurred during MTS and 

pre-swing. ANOVA indicated significant differences in 

the parameters showing low back load. Degrees of freedom 

for all data were 2 and 28. Significant main effects of an 

orthosis were observed for the peak flexion and extension 

moments not only in pre-swing but also in MTS (Table 1). 

Peak extension moments in MTS and pre-swing were sig-

nificantly smaller with the ORF than in the other two condi-

tions. The peak flexion moment in MTS was significantly 

larger with the ORF than with the LSO; and in pre-swing 

was significantly larger with the ORF than in the other two 

conditions.

Averaged waveforms of bilateral erector spinae activity 

for all subjects in the three conditions are shown in Figure 5. 

Peak activity was observed at the beginning of pre-swing. 

Significant main effects of an orthosis were observed in the 

integral of bilateral erector spinae activity during stance 

(Table 1). This integral was significantly smaller with the 

ORF than in the other two conditions.

Pelvic and thoracic angles
Significant main effects of an orthosis were observed in 

peak pelvic forward tilt angles in MTS and pre-swing, 

and in the peak pelvic leftward rotation angle in pre-swing 

(Table 2). Peak pelvic forward tilt angles in MTS and pre-

swing were significantly larger with the ORF than in the 

other two conditions. The peak pelvic leftward rotation 

angle was significantly smaller with the ORF than with 

the LSO.

Significant main effects of an orthosis were observed in 

peak thoracic extension angles in MTS and pre-swing, and in 

peak right and left lateral flexion angles in pre-swing. Peak 

extension angles in MTS and pre-swing were significantly 

larger with the ORF than in the other two conditions. The 

peak right lateral bending angle in pre-swing was signifi-

cantly larger with the ORF than with the LSO. The peak left 

Table 1 Comparison of parameters indicating low back load in three conditions during level walking in 15 healthy elderly subjects

Parameter of low back load Mean (95% confidence interval) F-value P-value from post-hoc test 

W/O 
orthosis

With ORF With LSO W/O orthosis- 
with ORF

W/O orthosis- 
with LSO

With ORF- 
with LSO

Low back joint moment (Nm/kg)
Peak extension moment in 
mid and terminal stance

0.19  
(0.101–0.279)

0.07  
(−0.019–0.159)

0.22  
(0.126–0.314)

15.081*** 0.002 0.777 0.002

Peak extension moment in 
pre-swing

0.29  
(0.218–0.362)

0.11  
(0.016–0.204)

0.27  
(0.165–0.375)

17.658*** 0.001 1.000 P,0.001

Peak flexion moment in mid 
and terminal stance

0.37  
(0.254–0.486)

0.49  
(0.363–0.617)

0.37  
(0.259–0.481)

5.354* 0.118 1.000 0.013

Peak flexion moment in pre-
swing

0.16  
(0.044–0.276)

0.31  
(0.188–0.432)

0.19  
(0.085–0.295)

28.484*** P,0.001 0.337 P,0.001

Erector spinae activity (%IEMG)
Integral of right side muscle 
activity during stance

8.22  
(5.656–10.784)

7.22  
(4.578–9.862)

8.21  
(5.447–10.973)

7.459** 0.006 1.000 0.001

Integral of left side muscle 
activity during stance

10.57  
(6.898–14.242)

7.32  
(4.773–9.867)

9.4  
(6.149–12.651)

14.917*** 0.001 0.113 0.015

Notes: *P,0.05, **P,0.01, and ***P,0.001.
Abbreviations: LSO, lumbosacral orthosis; ORF, orthosis with joints providing restrictive force; W/O, without; IEMG, integral electromyogram.
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lateral bending angle in pre-swing was significantly smaller 

with the ORF than in the other two conditions.

gait performance
Walking velocity was 1.09±0.10 m/sec without an orthosis, 

1.13±0.12 m/sec with the ORF, and 1.18±0.11 m/sec with 

the LSO. Repeated measures ANOVA showed a significant 

main effect (P=0.002). Walking velocity with the LSO was 

significantly faster than without an orthosis (P=0.017) but 

was not significantly different from with the ORF.

Discussion
We hypothesized that both the LSO and ORF would effec-

tively decrease low back load during level walking in healthy 

Table 2 Pelvic and thoracic angles in three conditions during level walking in 15 healthy elderly subjects

Angle (degrees) Mean (95% confidence interval) F-value P-value from post-hoc test

W/O 
orthosis

With ORF With LSO W/O orthosis- 
with ORF

W/O orthosis- 
with LSO

With ORF- 
with LSO

Pelvic angle
Peak forward tilt angle 
mid and terminal stance

5.86  
(3.673–8.767)

9.15  
(6.431–12.789)

6.57  
(4.771–8.969)

7.701** 0.011 0.841 0.071

Peak forward tilt angle in 
pre-swing

4.95  
(2.032–7.868)

7.85  
(4.195–11.505)

5.15  
(2.652–7.648)

5.575** 0.040 1.000 0.064

Peak leftward rotation 
angle in pre-swing

3.19  
(1.584–4.796)

1.75  
(0.222–3.278)

3.01  
(1.570–4.450)

4.473* 0.157 1.000 0.041

Thoracic angle
Peak extension angle mid 
and terminal stance

1.07  
(−1.007–3.147)

2.93  
(0.781–5.079)

1.55  
(−0.588–3.688)

16.373*** 0.001 0.369 0.003

Peak extension angle in 
pre-swing

0.75  
(−1.498–2.998)

2.80  
(0.552–5.048)

1.45  
(−0.826–3.726)

16.033*** 0.001 0.116 0.006

Peak flexion angle in mid 
and terminal stance

1.15  
(−0.738–3.038)

−0.71  
(−2.726–1.306)

0.47  
(−1.573–2.513)

12.833*** P,0.001 0.288 0.028

Peak flexion angle in 
pre-swing

0.22  
(−1.918–2.358)

−1.82  
(−3.93–0.29)

−0.49  
(−2.639–1.659)

16.350*** 0.001 0.117 0.005

Peak right lateral bending 
angle in pre-swing

0.64  
(−0.174–1.454)

1.39  
(0.465–2.315)

0.60  
(−0.281–1.481)

5.548** 0.071 1.000 0.023

Peak left lateral bending 
angle in pre-swing

0.44  
(−0.479–1.359)

−0.38  
(−1.277–0.517)

0.29  
(−0.591–1.171)

6.471** 0.024 1.000 0.156

Notes: *P,0.05, **P,0.01, and ***P,0.001.
Abbreviations: LSO, lumbosacral orthosis; ORF, orthosis with joints providing restrictive force; W/O, without.

Figure 4 Average low back extension moment (solid line) and average resistive force on the chest (dotted line) with the trunk orthosis with joints providing resistive force (ORF).
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elderly subjects but the ORF would have a superior effect. 

Our findings partially support this hypothesis. There were 

no significant differences between without an orthosis and 

with the LSO in the peak LBM and integral EMG of the 

erector spinae, or in the pelvic and thoracic angles. However, 

significant differences in all these parameters were observed 

with the ORF compared with no orthosis. Moreover, the low 

back extension moment and EMG of the erector spinae were 

significantly decreased with the ORF. Collectively, these  

results suggest that wearing the ORF during level walking 

should help to decrease the low back load in elderly people.

Several studies have suggested that using an LSO could 

stabilize the lumbosacral region but not decrease the low back 

load during static standing or lifting.10 Our results indicate 

that the same applies during level walking also. Interestingly, 

the ORF not only decreased the activity of the erector spinae 

(which has higher fatigability in patients with LBP17) and the 

low back extension moment, but also increased the low back 

flexion moment created by the abdominal muscles.

The biomechanical function of the ORF can be explained 

by a simple model (Figure 6). The ORF can produce an exten-

sion moment for the upper trunk that decreases the low back 

extension moment. This extension moment also produces 

a resistive moment on the posterior pelvis; together, these 

moments could improve the malalignment commonly seen in 

elderly people (ie, lumbar kyphosis with pelvic backward tilt). 

Such malalignment increases both LBP and fall risks.18,19 

The extension moment served to extend the upper trunk, and 

the reaction moment acted as a forward rotation moment for 

the pelvis. In this way, the ORF increased the peak pelvic 

Figure 5 Right and left erector spinae activity (percent, MVC) without orthosis (dotted line), with trunk orthosis with joints providing resistive force (ORF; solid black line), 
and with lumbosacral orthosis (LSO; solid gray line).
Note: (A) Right erector spinae (B) Left erector spinae.
Abbreviation: MVC, maximum voluntary contraction.

Figure 6 Biomechanical effects of the trunk orthosis with joints providing resistive force.
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forward tilt angle and peak thoracic extension angle through 

MTS and pre-swing. This function, which can modify align-

ment in the elderly, would also be beneficial for decreasing 

the peak LBM, because modifications to the positioning of 

the pelvis and thorax are directly linked to a decrease in the 

lever arm from the low back joint to the head, arm, and trunk 

center of gravity (Figure 6).

A systematic review investigating the activation pattern 

of trunk muscles during walking in subjects with and without 

LBP indicated that those with LBP exhibit higher ES activity 

compared with asymptomatic subjects.20 The magnitude of 

the decreases in erector spinae activity and the low back 

extension moment while wearing an ORF is relatively 

small. However, in daily life, people walk a large number 

of steps, so even though only a small decrease in low back 

load was evident with the ORF, the cumulative difference 

might have a distinct effect that can help treat and prevent 

LBP.21 The spinal bones of elderly people, and particularly 

those of patients with osteoporosis, are more fragile than the 

middle-aged or young. Typical orthoses would not show a 

biomechanical effect of decreasing low back load during 

level walking because most correct only the abdominal 

region with compressive force or support the pelvis, thorax, 

and lower back with small resistive force. Only one eccentric 

type of orthosis, the rucksack-type orthosis, was found to 

decrease ES activity in elderly people during level walking 

in a previous study.22 The rucksack-type orthosis controls the 

magnitude of force using weights to move the center of grav-

ity of the upper body, thereby decreasing ES activity. This 

function is similar to that of the ORF, because both orthoses 

can control a relatively large magnitude of force applied to 

the upper trunk; however, the rucksack-type orthosis has the 

disadvantage of increasing low back compressive force in 

proportion to the amount of weight, which directly increases 

the gravitational force on the upper trunk. However, the ORF 

can apply resistive force horizontally to the chest, thereby 

avoiding an increase of low back compressive force.

An interesting feature of the ORF compared with other 

orthoses, including the rucksack-type, is its ability to increase 

the low back flexion moment produced by the abdominal 

muscles; the horizontally applied resistive force on the 

chest can not only decrease activity of the low back exten-

sion muscles using the support force, but also activate the 

abdominal muscles. The peak moment was larger with the 

ORF in MTS than with the LSO and in pre-swing than in 

the two other conditions. Rostami et al reported that using 

an LSO for 4 and 8 weeks decreased deep abdominal muscle 

thickness.23 Although we did not examine deep abdominal 

muscle activity in this study, these muscles might contribute 

to increasing the low back flexion moment. This effect of the 

ORF would be beneficial for exercises aimed at improving 

abdominal muscle function during level walking in elderly 

subjects. As we previously found a positive training effect of 

the ORF on such function in hemiparetic patients,8 a similar 

effect might be obtainable in elderly people.

A potentially negative feature of the ORF is that it limits 

pelvic rotation, which is one of the aspects of gait that increases 

step length and walking velocity.24 Although walking velocity 

with the ORF was not faster than that without an orthosis, it 

was significantly faster with the LSO than without an orthosis. 

Thus, the stabilization of the pelvis and thorax achieved with 

an LSO might improve gait performance in elderly subjects, 

and the limited pelvic rotation with the ORF might decrease 

its overall positive effect for improving gait performance.

limitations
This study has several limitations. Wearing the ORF during 

level walking served to decrease low back muscle activities 

and joint moment, and this might be effective in the prevention 

and treatment of LBP. However, we did not confirm the effects 

of long-term ORF use. Wearing LSOs and ORFs for long 

periods of time might adversely affect muscle control. Only 

low back extension and flexion moments in the three axial 

moments were calculated when wearing the ORF and there-

fore low back compressive force, which is a strong indicator 

of low back load, could not be calculated because the strain 

gauge measured the orthogonal resistive force on the chest 

produced by the ORF’s joints. Finally, only healthy elderly 

male subjects participated in this study, and only a within-

subject trial was conducted. Future studies should include 

healthy elderly female subjects and subjects who have LBP, 

and randomized controlled trials should be conducted.

Conclusion
In conclusion, we demonstrated that the ORF can decrease 

low back load during level walking in healthy elderly people 

by significantly decreasing LBM and increasing the abdomi-

nal moment. The ORF significantly modified malalignment 

commonly seen in elderly people. The ORF is a promising 

device for the prevention and treatment of LBP, and we plan 

to conduct randomized controlled trials with people who 

have LBP in the future.
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