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Introduction: Hyperkyphosis is known to interfere with the normal function of the 
trunk musculature in the elderly. Although the effectiveness of orthoses in improving 
posture and balance in hyperkyphotic elderly people has received much attention, the 
effect of an orthosis on motor control of muscles remains unknown. This study aimed to 
evaluate changes in motor control strategies of trunk muscles during walking in elderly 
hyperkyphotic subjects after using an anatomical posture control (APC) orthosis.

Materials and Methods: A total of 19 elderlies (11 women and 8 men) with 
thoracic hyperkyphosis of more than 45 degrees were enrolled in the study. Surface 
electromyography (EMG) signals were recorded from 6 trunk muscles bilaterally 
with and without orthosis. The voluntary response index (VRI) was calculated from 
quantitative analysis of surface electromyography (sEMG) data during level walking in 
those with and without orthosis. The outcome variables of VRI included the similarity 
index (SI) and electromyographic magnitude (MAG) of muscle groups. The effects of 
APC orthosis on trunk motor control were tested using a Wilcoxon non-parametric test. 
Cohen’s d effect sizes were also calculated.

Results: A significant improvement was observed (P<0.05) in MAG and response vector 
(RV) of five muscles from the right and left sides and the VRI increased significantly 
after using this posture control orthosis (P<0.05; effect size [ES]: 0.27).

Conclusion: Improving trunk motor control after using orthosis, with relatively medium 
effect sizes, was observed in the elderly with hyperkyphosis during walking.
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1. Introduction

yperkyphosis is an abnormal forward 
curvature of the spine and is a common 
progressive deformity related to aging 
[1]. It is often linked with muscle weak-
ness, especially in spinal extensor mus-

cle, and changes the extensor muscles’ line of action 
and alters their role in supporting anterior shear forces 
[2]. A flexed posture shifts forward the center of mass 
of the entire body causing gait instability [3]. There-
fore, in elderly people, greater muscle co-contraction 
is induced during gait [4] as a compensatory mecha-
nism to increase joint stiffness to increase stability 
during walking [5].

Correction of skeletal alignment following orthotic 
intervention by maintaining the center of gravity 
within the base of support [6-8] and indirectly through 
modification of trunk muscle activity pattern [8, 9] are 
possible mechanisms suggested in the previous studies 
to improve balance performance.

Reducing the kyphotic angle and the biomechani-
cal changes caused by using orthosis can increase the 
ability of the muscles to support the spine. It seems 
that following the reduction in the kyphotic angle and 
the improvement of spinal alignment (appropriate 
position), the stretching and straining of the muscles 
and tendons are reduced and the muscle functions and 
force generation are improved.

Anatomical posture control (APC) orthosis is a new-
ly designed posture control orthosis that can be used 
for the orthotic management of hyperkyphosis in the 
elderly. Our previous study demonstrated that APC 
orthosis can decrease the eerector spinae (ES) muscle 
activity during static standing and improve static and 
dynamic balance in hyperkyphotic individuals [10]. 
Since evaluating the effect of therapeutic intervention 
on motor control helps chooses the suitable treatment 
option, the Voluntary Response Index (VRI) is pro-
posed for quantitative analysis of the muscle activity 
pattern and motor control [2, 3]. This index contains 
two numeric values, including Similarity Index (SI) 
and measurement of the magnitude (MAG) of muscle 
group activities. In this protocol, the MAG and the 
similarity of activities of all muscles involved in a task 
are studied in a work pattern [11].

Although Ambulation is an important output of a com-
plex neural system, the analysis of the surface electro-
myography (sEMG) data recorded during walking in 

elderly people is a useful motor task to assess. Accord-
ingly, the present study was designed to assess the effect 
of APC orthosis on the VRI strategies of trunk muscles 
during walking in the elderly hyperkyphosis.

2. Materials and Methods

Participants

A total of 19 elderly individuals, including11 women, 
and 8 men suffering from hyperkyphosis, participated in 
the current study (Table 1). All the participants complet-
ed and signed an informed consent form after receiving 
information about the research procedure. The Ethics 
Committee at Lorestan University of Medical Sciences 
(IR.LUMS.REC.1397.002) approved the study.

The criteria in selecting the participants included 
healthy elderly with the thoracic kyphotic angles 
greater than 45 degrees. Also, the exclusion criteria 
included prior surgery on the vertebral column and 
lower limb in the previous year, recent lower limb joint 
injury or pain, recent fracture or localized back pain, 
congenital hyperkyphosis, other spinal deformities 
including scoliosis and kyphoscoliosis, use of medi-
cations during the previous year that could affect the 
muscle performance or balance control, and cognitive 
impairments [8].

Intervention

Figure 1 shows the customized patient-specific ortho-
sis and its features described in the authors’ previous 
work [10]. The orthoses were fabricated by a skilled 
orthotist and he instructed the patient to use the or-
thosis properly. The patients were guided to place the 
orthosis over the spine and adjust the straps. 

Study protocol

First, the thoracic kyphosis was measured using a 
Dualer electric inclinometer (North American Fork, 
Utah). An experienced investigator was assigned to 
manage the intervention according to the guidelines 
[12]. The height and weight of all the participants were 
also recorded before determining the baseline mea-
surements. The participants were informed about the 
test procedure and were given enough time to learn the 
evaluation procedure. Data were collected before and 
after using orthosis. Before starting the experiment, 
the participant was asked to lie on the bed in a prone 
position, and skin of the back was cleaned and exces-
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sive hair was shaved if needed to prepare him/her for 
the electromyography (EMG) tests.

The EMG signals were collected using a portable 
electromyogram (ME3000P, Mega Electronics Ltd., 
Finland) with a sampling rate of 1000 Hz and a band-
pass filter of 10–500 Hz. Muscles were all assessed 
bilaterally, including lumbar erector spinae, thoracic 
erector spinae, and lumbar multifidus muscles. The 
surface electrodes (10 mm diameter, and 20 mm inter-
electrode distance) were applied. For thoracic erector-
spinae was placed 5 cm lateral to the T9 spinous pro-
cess, the lumbar erector spinae muscles were placed 3 
cm lateral to the L4 spinous process, and the surface 
electrodes of lumbar multifidus muscles were placed 
at the level of the L5 spinous process (i.e., about 2-3 
cm from the midline). The reference electrode was 
placed on the right 10th rib (Figure 2). The electrode 
positions of each muscle were selected based on the 
surface EMG for non-invasive assessment of muscles 
(SENIAM) instructions [13].

First of all, before asking the participant to wear 
the orthosis, the muscle EMG was recorded during 1 
minute of level walking and at a self-selected normal 
walking speed with his/her head held high and looking 
forward. Then, after a short break for 2-3 minutes, the 
patient puts on the orthosis and after 10 minutes, the 
tests were repeated. Each test was repeated 3 times in 
the test session at 30-s intervals.

Data processing

VRI was used to quantitatively analyze motor con-
trol before and after using orthosis. The total activity 

of the muscles under the study is defined as a vector 
in VRI. MAG and similarity index (SI) are the two 
values produced in the VRI calculation. First, the root 
means square (RMS) of each muscle was calculated 
as the muscle response (R1, R2, R3, R4, R5, and R6). 
Then, the normalized response was measured by the 
ratio between each response (R1, ...R6) to the vector 
of baseline correction of each muscle to RMS of rest-
activity (RA) [1]. The MAG parameter, which is the 
amount of combined sEMG activity for six muscles 
during 1 minute of level walking before using ortho-
sis, was calculated as the length of the response vec-
tor (RV) and, prototype response vector (PRV), which 
represents the MAG of all the muscles when using 
orthosis during the gait was calculated by placing the 
response vectors of six muscles into Equation 1. The 
SI shows the similarity between the RV of the elderly 
before using orthosis and the PRV obtained when us-
ing orthosis during the gait (Equation 2). The SI value 
was computed for each task as a cosine of the angle 
between the RV and PRV, ranging between 0 and 1.0, 
where 1.0 means the best match for compared vectors. 
The VRI was calculated from multiply of MAG by SI 
(RV×SI) before and after using an orthosis [11].

The response vector was obtained as follows (Equa-
tion 1):

1. Rnorm=
R1 R2 R3…Rn

∑i Ri
2√

Ri = Response vector (RMS) of each muscle

Figure 1. Posterior and lateral view of the orthosis
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Equation 2: SI is calculated as the scale of the over-
lap between two vectors RV and PRV (Equation 2):

2. SI=
∑i (RVi PRVi)

|RV|PRV

Data analysis

To analyze the data, SPSS software, version 25, 
was used. The Kolmogorov-Smirnov test was used to 
check for the normality of the data and, the Wilcoxon 
test was used to examine the relationship between the 
variables. The significance level was set at P<0.05 for 
all the analyses. Finally, to evaluate the effect of clini-
cal treatment, the effect size was calculated using Co-
hen’s D for statistically significant variables [14].

3. Results

Table 2 presents the Mean±SD of the VRI, MAG, 
and RV of six muscles with and without orthosis. 
The Mean±SD of SI was found to be 0.3±0.23. The 
VRI was increased significantly by using the spinal 
orthosis (P<0.05; ES: 0.27). The mean of the MAG 
was significantly different before and after using 
APC orthosis during gait. Comparing VRI variable 
before and after using this posture control orthosis 
indicated an increase in RV indices of right thoracic 
erector spinae (RTES) (P=0.003), left thoracic erector 
spinae (LTES) (P=0.008), right lumbar erector spinae 
(RLES) (P=0.001), left lumbar erector spinae (LLES) 
(P=0.005), Left Multifidus (LMF) (P=0.05), and right 
multifidus (RMF) (P=0.06) (Figure 3). 

Table 1. Demographic characteristics of the study subjects

Subject’s Characteristics Mean±SD

Height (cm) 161.5±5.9

Weight (kg) 70.6±7.68

Age (y) 65.9±2.96

Kyphosis (deg) 52.46±4.92

BMI (kg/m2) 27.09±1.57

BMI, Body Mass Index.

Table 2. Mean±SD and effect sizes of variables

Variables

Test Condition

P Effect Sizes (95% CI)Mean±SD

Without Orthosis With Orthosis

MAG (μV) 28.62±12.91 74.28±24.22 0.001 2.353 (1.451-3.254)

VRI 14.24±8.99 13.73±12.87 0.002 0.277 (-0.419-0.974)

RTES (μV) 11.72±6.81 23.51±12.35 0.003 1.182 (0.12-2.244)

LTES (μV) 8.70±3.49 19.78±18.07 0.008 0.851 (-0.172-1.875)

RLES (μV) 13.29±8.27 32.48±18.45 0.001 1.342 (0.258-2.427)

LLES (μV) 12.90±8.44 34.39±24.98 0.005 1.153 (0.094-2.211)

RMF (μV) 10.74±8.33 22.97±22.77 0.05 -

LMF (μV) 10.56±8.33 24.35±22.43 0.06 0.652 (0.27-1.57)

MAG: Magnitude; RTES: Right Thoracic Erector Spinae; LTES: Left Thoracic Erector Spinae; RLES: Right Lumbar Erector Spinae; 
LLES: Left Lumbar Erector Spinae; RMF: Right Multifidus; LMF: Left Multifidus.
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4. Discussion

In the current study, motor control was investigated 
using back muscle activation patterns and the VRI 
analysis. VRI is used to evaluate changes in the central 
nervous system (CNS) motor output that occurs follow-
ing intervention [11]. It is based on the MAG of the RV, 
which is an expression of the total activity during the 
movement, and the SI resulting from the comparison 
between sEMG patterns recorded during walking with 
orthosis and an average prototype pattern acquired from 
walking without the orthosis. The main finding of our 
study was the improvement of motor control after using 
orthosis with a relatively medium effect size.

The increased MAG after using orthosis suggested 
the effectiveness of this intervention. Clinically, the 
increased MAG after using orthosis increased syner-
gistic muscle coactivation due to changes in CNS mo-
tor output [15]. Therefore, using orthosis induced CNS 
changes and reflected in the control of motor actions 
and muscle activation patterns. To date, the evidence 

base for this topic is very limited and this is the first 
study to investigate the effect of a spinal orthosis on 
motor control and VRI in the elderly population. 

A previous study demonstrated that using lumbar 
support in able-bodied young men improves the coor-
dination in the activities of trunk agonist and antago-
nist muscles while lifting the loads [16].

However, in elderly hyperkyphotic individuals, most 
studies evaluated the effect of a spinal orthosis on mus-
cle strength [9, 12, 17-21]. Valentin et al. reported that 
wearing spinomed orthosis after a 3-month was asso-
ciated with a 50% increase in back extensor strength 
(P=0.01) [21]; another study showed 73% improve-
ment in back extensor strength during 6 months of us-
ing spinomed orthosis [9]. These results were obtained 
probably due to the improvement in spinal posture 
and muscle activation in functional activities, which is 
consistent with our findings because improvement in 
motor control along with time can result in strengthen-
ing the muscles.

Figure 2. Example of electrode placements for Electromyography (EMG) recording

Figure 3. The mean of the Response Vector (RV) of muscles with and without orthosis
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The previous studies investigating the effect of spinal 
orthoses on the activity of the erector spinae muscles 
have reported a decrease in the electrical activity of 
these muscles while standing and walking [10, 22, 23]
which is not comparable to the results obtained in the 
present study because, in our study, RV is an indicator 
of the activity of each muscle relative to the rest of 
overall muscles, called the response vector, and differs 
from the raw electrical activity of the muscles.

Before using the orthosis, the RV value for each 
muscle was lower than when the elderly wore the or-
thosis because before using orthosis, muscles have a 
co-contraction, and therefore the vector summation of 
the response of each muscle is less when the orthosis 
is used (muscles activities neutralize each other).

In fact, after using the orthosis, co-contraction of 
erector spinae muscle becomes co-activation. In other 
words, before using orthoses in the elderly, we have 
an increase of activity for all muscles and the summa-

tions of this electrical activity create a contraction in 
which the response vector of each muscle individu-
ally becomes smaller. While wearing orthosis, this 
contraction of all muscles is reduced; however, the 
proportion of the individual response vector of each 
muscle increases numerically.

The VRI is computed by a combination of SI and 
EMG magnitude (SI, EMG magnitude) and expressed 
by plotted graph. Figure 4 shows the altered patterns of 
muscle activation during walking after using orthosis.

Various hypotheses exist about the improvement in 
motor control as a result of using the APC orthosis. Im-
provement in motor control may be due to the reduction 
in the kyphotic angle and the biomechanical changes 
caused by using orthosis, which increases the ability 
of the muscles to support the spine. It seems that af-
ter reducing the kyphotic angle and improving spinal 
alignment, the stretching and strain on the muscles and 
tendons are reduced and the muscle functions and force 

Figure 4. The similarity indices-Magnitude (MAG) plot during walking

A) without an orthosis; B) with orthosis
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generation are improved. Being in the wrong position 
changes the orientations of the force vector and the 
lengths of the moment arm of the paraspinal muscles 
[24]. The muscular force and flexibility of the body can 
be affected by hyperkyphosis. This orthosis may help 
the back muscles in improving trunk extensor moment. 
Another hypothesis is that the device improves postural 
control and gait efficiency by keeping the body’s center 
of mass at the base of support during gait [10, 25].

Consequently, body awareness would be more ef-
ficient and more functional, followed by enhanced 
proprioceptive inputs. In elderly people, impaired pro-
prioception can alter paraspinal muscle spindle affer-
ents or flawed central processing of the sensory input. 
Such a proprioceptive impairment could also explain 
delayed muscle reflex response to sudden trunk load-
ing and poorer motor control [26].

The parts of orthosis increase proprioceptive input 
and improve the joint position sense of the spine. In-
creasing the somatosensory feedback induced by the 
orthoses facilitates postural control; it may help elder-
ly individuals with hyperkyphotic compensate for the 
loss of motor control and function [27]. The improved 
proprioception may result from increased stimulation 
of skin afferents and the compression of the soft tissues 
around the receptors by orthosis elements [28, 29]. In-
tegration of multiple sources of sensory information, 
including joint, muscle, and cutaneous receptors may 
play a vital role in joint position sense and motion [30]. 
Although effect sizes (Cohen’s d) were medium, the 
present study found that APC orthosis might play a 
crucial role in the rehabilitation of elderly people.

5. Conclusion

Our study showed that the APC orthosis may have a 
significant effect on trunk muscle function and coordi-
nation in older people with hyperkyphosis during walk-
ing. Further research is needed to clarify the effect of 
this intervention on trunk flexor and lower limb muscles 
during functional movement in this population.

Our study has some limitations that should be consid-
ered before generalizing the findings. First, the current 
study lacks a control group. Second, we evaluated the 
immediate effect of the orthosis. Also, our study exam-
ined only trunk extensor muscles and thus provides no 
information on antagonist muscle activity. Finally, our 
data did not measure changes in lower extremity motor 
control during gait.
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