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Abstract
Background: Scoliosis is a three-dimensional spinal deformity characterized by lateral curvature and rotational 
deformity of the spine. Various methods have been used to investigate the performance of the subjects during 
walking with an orthosis, but nobody study the biomechanics of orthotic use by understanding the length of the 
muscles and the force produced by them. Therefore, the aim of this research is to test the effect of the orthosis on the 
muscular force, tendon length during walking with and without orthosis. Materials and Methods: A 12-year-old 
scoliosis subject was recruited in this study. The forces produced by trunk musculature, joint reaction force, 
length of trunk musculature were some parameters selected in this study. Open SIMM and Visual 3D software 
were used to model the subject. Results: The results of this research showed that the length of erector spine 
muscles increased follow the use of orthosis. Moreover, the force produced by trunk muscles differed during 
walking with and without orthosis and also between right and left sides. Discussion: It seems that Open SIMM 
software can be used to predict the length of muscles, active-passive forces produced by muscles in scoliotic 
subjects. Therefore, it is recommended this research be done on more number of subjects.
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trunk musculature unilaterally are the mentioned reasons.[1-5] 
However, unilateral weakness of trunk muscles and/or other 
abnormalities in trunk muscles have been said to be the main 
cause of this disorder.[4-6] Depends on the severity of this 
disease, various kinds of treatment have been used including 
exercise, orthosis, and surgery.[7-10] Th e results of some research 
studies showed that the diff erence between the mean strength 
of normal trunks and trunk of patients with idiopathic scoliosis 
is not signifi cant. Asymmetric trunk muscle activity is also a 
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INTRODUCTION

Adolescent idiopathic scoliosis is a spinal deformity 
demonstrated by the lateral curvature of the spine associated 
with the rotational deformity.[1,2] Th e etiology of this deformity 
is still controversial. Th e incidence of this deformity varies 
between 0.93 in Singapore and 0.12 in Finland.[1,3] Although 
this disease was reported a long time ago, its etiology is 
still controversial. A cerebral asymmetry or developmental 
abnormalities in the central nervous system or weakness of the 
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reason in this regard.[6] Th e performance of scoliotic subjects 
has been evaluated in various studies by stability analysis during 
quiet standing, gait analysis, and by energy consumption.[11-14] 
Moreover, various methods are being used to represent the 
severity of this deformity.

Based on the results of various studies, although there is some 
asymmetry between the force and moments applied on the right 
and left  legs during walking, there is not any correlation between 
the severity of scoliosis and gait asymmetry.[4,11] Moreover, 
the diff erence between muscles force, length, and myoelectric 
activities between normal subjects and those with scoliosis has 
not been supported.

Various orthosis such as Milwaukee, Boston, Rosenberg, Miami, 
Chenue, symmetric patient-oriented rigid three-dimensional 
brace, progressive active short brace, and Maastricht orthosis 
have being used as one of the conservative treatment of 
scoliosis.[7,10,15-22] Th e effi  cacy of these devices on reducing and 
controlling curve progression is evaluated by taking X-ray and 
by obtaining Cobb angle. However, there is no research done 
to check their infl uences on the trunk muscles function, fi ber 
length and forces, which seems to be the main reasons for this 
deformity.

Recently we can see lots of improvement in the fi eld of 
biomechanics, which provide this opportunity to check the 
performance of muscles during walking, length of muscles 
fi bers and tendon and also the magnitude of power and force 
produced by diff erent muscles. Th e use of this method has 
been reported to evaluate the gait performance of subjects with 
various musculoskeletal disorders such as osteoarthritis, cerebral 
palsy, spinal cord injury, and amputees. However, there is no 
research on scoliotic subjects, which was done by this method 
of analysis. Th erefore, the aim of this research was to evaluate 
the performance of trunk main musculature during walking with 
and without orthosis.

MATERIALS AND METHODS

A 12-year-old girl with scoliosis disorder was recruited in this 
study. She had a double curves scoliosis (a curve between 
T11-L4 with Cobb angle of 37 in the left  side and another 
curve between T5-T10 with Cobb angle of 34°). Th e subject 
was asked to walk with and without Milwaukee brace with a 
comfortable speed on a level surface. An ethical approval was 
obtained from Isfahan University of Medical Sciences, Ethical 
Committ ee. A consent form was obtained from subject’s parent 
before data collection.

A motion analysis system with 7 high-speed cameras and a 
Kistler force plate were used to record kinematic and kinetic 
parameters. Twenty markers were att ached on the anterior 
superior iliac spine, posterior superior iliac spine, medial 
and lateral epicondyle on both sides (ME, LE), lateral and 
medial malleolus on both sides (MM, LM), heel, fi rst and fi ft h 
metatarsal heads (MT1, MT5), and acromioclavicular joint on 
both sides [Figure 1]. Th e data were collected with 120 Hz 

and was fi ltered with a low pass fi lter (10 Hz). Th e motion of 
the markers was recorded by Qualisys Track Manager Soft ware 
(version 2.7). Visual 3D (produced by C-motion Company, 
USA) was used to produce a musculoskeletal model of the 
subject. Th e output of visual 3D was exported to Open SIMM 
soft ware (version 3 produced by Stanford University, USA) to 
check the fi ber length, tendon force, and passive force of trunk 
musculature.[23]

Some parameters such as spatiotemporal gait parameters 
(walking speed, stride length, and cadence), joint reaction 
forces of the hip joint and lumbar, tendon length, fi ber length, 
muscular force, passive force of spinal muscles were evaluated 
in this study. Th e diff erence between mean values of the 
aforementioned parameters during walking with and without 
orthosis was evaluated by two sample t-test (the test was 
repeated to collect 5 successful trials for each condition).

RESULT

Th e mean values of walking speed, cadence, and stride length 
of the subject during walking with and without orthosis were 
85 m/min, 104 step/min, and 1.39 m, respectively, compared 
to 79.2 m/min, 98 step/min, and 1.26 m while walking 
with brace (the diff erence between the walking speeds was 
signifi cant, P < 0.05). Th e force applied on the hip joint and 
lumbar was the other selected parameter. Th ere was a signifi cant 
diff erence between the anteroposterior shear force of the hip 
joint in walking with and without orthosis (756  ±  120.2N 
and 1110  ±  155N in walking with and without orthosis, 
respectively). Although the vertical force applied on the hip 
joint decreased in walking with the orthosis, the diff erence was 
not signifi cant. Table 1 summarizes the force applied on the hip 
joint and lumbar in two conditions of walking.

Th e fi ber length of erector spine was 136 ± 2.8 mm and 
135  ±  2.4 mm for walking with orthosis in right and left  
sides; respectively, compared to 118.7 ± 8.8 mm and 
122.2  ±  14.6  mm for walking without the orthosis (the 

Figure 1: The location of the markers in Qualisys tract manager 
and the produced Open SIMM model
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orthosis seems to stretch the erector spine muscles). Table  2 
shows the fi ber length of trunk musculature while walking 
with and without the orthosis.

Th e muscle length of erector spine in the right side was 
169  ±  4.2 mm and 149.2 mm in walking with and without the 
orthosis, respectively (P < 0.05). Th e fi ber length in the left  side 
was 163.6 ± 0.919 mm and 152.27 ± 16.6 mm in walking with 
and without the orthosis, respectively. As can be seen, using 
the orthosis increased the muscle lengths in the right side and 
decreased them in the left  side [Table 3].

Th e force produced by trunk musculature was the other 
parameter selected in this study. Nearly 425 ± 247.5N and 
505  ±  275.7N force were produced by right and left  erector 

spine musculatures. Th e force of other trunk musculature are 
shown in Table 4 (the diff erence between the mean values in 
walking with and without the orthosis was not signifi cant).

Th e passive forces of erector spine, external oblique, and internal 
oblique are summarized in Table 5. Although, the orthosis 
infl uenced the passive forces of trunk musculature the diff erence 
was not signifi cant (P > 0.05).

DISCUSSION

A lot of reasons have been mentioned regarding the etiology of 
scoliosis. Unilateral weakness of trunk muscles has been said to 
be a cause of scoliosis. Th e results of various research studies 
showed no consistent diff erence in the mean strength of trunk 

Table 2: The fi ber length of trunk muscles during walking with and without orthosis
Conditions Erector spine Internal oblique External oblique

Right Left Right Left Right Left

Walking with brace 136±2.8 135±4.24 119±4.24 106±2.8 151±3.5 1.4±9.19
Walking without brace 118.7±8.8 122.2±14.5 1.15±7 122±0 148.7±8.8 156.25±1.76
P 0.09 0.2 0.2 0.03 0.36 0.112

Table 1: The joint reaction force and hip joint and lumbar during walking with and without orthosis
Conditions Hip 

(anteroposterior 
force)

Hip 
(vertical force)

Hip 
(mediolateral force)

Lumbar 
(anteroposterior 

force)

Lumbar 
(vertical 

force)

Lumbar 
(mediolateral 

force)

Right Left Right Left Right Left

Walking with 
brace

756±120.2 748±72.8 2076±107.5 1200±0 377.5±37.5 428.5±125 1550±134.36 1205±685.9 53.5±23.33

Walking 
without 
brace

1110±155 931±185 1916±118 1194±99.7 407±80.6 546.5±132.2 147.5±74.24 996.5±4.94 107±46.6

P 0.06 0.18 0.147 0.47 0.35 0.23 0.476 0.37 0.16

Table 3: The muscle length (including fi ber and tendon lengths) of trunk muscles during walking 
with and without orthosis
Conditions Erector spine Internal oblique External oblique

Right Left Right Left Right Left

Walking with brace 169±4.2 163.6±0.89 222.5±3.53 215±0 302±2.82 297±1.41
Walking without brace 149.2±9.54 152.27±16.6 220±7.07 227±3.53 295±7.07 301±5.66
P 0.08 0.26 0.355 0.06 0.188 0.247

Table 4: The force produced by trunk muscles (passive and active forces) during walking with and without 
orthosis
Conditions Erector spine Internal oblique External oblique

Right Left Right Left Right Left

Walking with brace 425±247.5 505±275.7 102.5±14.84 175.5±123.7 70±28 86±19.8
Walking without brace 311±169.7 2026±84.1 203.5±136.5 190±14.14 126.6±17.67 238.5±77.07
P 0.32 0.17 0.24 0.43 0.08 0.1
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musculature in the right and left  sides and also between treated 
and untreated trunk.[24] Type of fi ber of trunk musculature 
(multifi dus) also diff ers between convex and concave sides. 
Various methods have been used to study scoliosis, however, 
there is no research done with the use of Open SIMM soft ware. 
Open SIMM is a new method developed to analysis the 
performance of the neuromuscular system. It is possible to 
measure the tendon length of muscles, active and passive force 
produced by muscle and also to measure the fi ber length of 
muscles.[23] Th erefore, the aim of this study was to analysis the 
aforementioned parameters by use of this method.

Table 1 summarized the force applied on the hip and lumbar 
in walking with and without the orthosis. Th e results showed 
that the shearing force decreased follow the use of the orthosis 
(it should be mentioned that this is a case study). It means that 
use of orthosis improved the symmetry of load applied on the 
structure.

Th e active and passive forces of trunk muscles were also 
measured in this study. As can be seen from Tables 4 and 5, the 
force produced by erector spine in both sides increased but the 
force of internal oblique and external oblique decreased. It may 
be concluded that use of the orthosis could infl uence the action 
of trunk musculature.

One of the performances of scoliosis braces mentioned in the 
literature is stretching the spine structure. In other words, they 
produce a traction force. As can be seen from Tables 2 and 3 
the length of fi ber of trunk muscles was infl uenced by the use 
of the orthosis. Th e length of erector spine increased in both 
sides. In contrast, the length of internal oblique and external 
oblique abdominalis increased in the right side and decreased 
in left  side follow the use of the orthosis. Th is may represent 
that the orthosis stretched the back muscles and infl uenced the 
anterior side muscles due to their role on improving the rotation 
symmetry of the spine.

Th ere are some limitations, which need to be acknowledged. Th e 
fi rst limitation is that this is a case study and only one orthosis 
was selected. Th e second limitation is that the performance on 
the orthosis was only evaluated during walking. Th erefore, it 
is recommended that a new study is done on a big number of 
subjects and with the various orthosis.

CONCLUSION

Th is is the fi rst study done with Open SIMM. Th e results of 
this study showed that use of orthosis may infl uence the length 

of trunk musculature and the force produced by the trunk 
muscles.
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