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Abstract

Objective and Summary of Background Data or AIMS: Scoliosis is
characterized by three-dimensional changes of the spine and is estimated to
be present in 4% of the population worldwide. The most common form is the
adolescent idiopathic.
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Methods: The purpose of this study is to identify the major muscle
abnormalities found in patients with adolescent idiopathic scoliosis through a
literature review. We conducted an electronic search of the national databases
PubMed, Lilacs, PEDro, and EMBASE using the keywords “scoliosis”,
“biomechanics”, “exercise”, “physical therapy specialty”, “idiopathic”, and
“muscles”, from January 2003 to April 2015.
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Results and Conclusions: The most relevant articles in English,
Portuguese and Spanish and Italian were selected by title and abstract. It was
also performed a manual search of the references of the selected articles. From
a total of 4,319 articles, 11 were selected. We conclude that individuals with AIS
have changes in the paraspinal muscles, with a difference in activation between
the concave and convex sides, suggesting an increase in EMG activity on the
convex side, although there is still no consensus among the authors.
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Introduction Among the factors suggested as causes of the disease, the

muscular factor is a subject of intense research as both a cause and
a consequence of the deformity, but there is still no consensus as
to whether the paravertebral musculature directly influences the

It is present in approximately 4% of the world population and
70-80% of cases are idiopathic in origin, that is, without any specific

etiology [1-20].

Among the types of idiopathic scoliosis, the most common is
that of the adolescent [AIS], which affects individuals during the
growth period from 10 to 18 years of age,1-10 being more common
in females. With no definite etiology, various studies have suggested
that it is multifactorial, with hypotheses that range from genetic
and hormonal influences, changes in the nervous system, and
deficient postural control to changes in the cartilaginous tissue and
intervertebral discs, abnormalities in the growth of bones and the
spine, biomechanical and activity changes, and changes in the length
of the paraspinal musculature [2], [8], [20-22].

The treatment of AIS depends on the magnitude of the curve,
which is classified according to the angulation. Values between
10° and 20°/25° are considered mild and the indicated treatment is
physical therapy or observation. Curves between 20° and 40°/45°
require the use of braces and physiotherapeutic treatment. Finally,
values above 40°/45¢ are indicated for surgical treatment [6].

Specific exercises are widely used in Europe for the treatment of
AIS and are promoted by various schools, unlike in the American
countries where this practice is not so widespread [23-25].

The treatment of [AIS] is basically divided into conservative and
surgical approaches, with weak evidence for conservative treatment
with conventional physiotherapy and stronger evidence for the use of
braces or surgery when indicated [1,6,8,9,15,23,25].

beginning and the progression of scoliosis or whether the changes
found in the fibers, strength, and electromicrographic activity are
characteristics secondary to the deformity [2,22,23].

AIS, in addition to being characterized by three-dimensional
changes in the spine, presents changes in the positioning and
biomechanics of other segments, visible in the physical exam, such
as change in the positioning of the shoulders, shoulder blades, and
pelvis, which are related to the progression of the curve and may
suggest that the musculature involved in the work of these structures
is compromised, whether from compensation for the changes
imposed by the deformity or as a result of the structural changes
themselves [1-10,19].

The number of structural changes found in these patients makes
us think about their influence on normal biomechanics and about the
consequences for muscle function.

It is not known for certain to what point the scapular and lower
limb muscles suffer as a consequence of the structural changes
imposed by [AIS] or how the paraspinal musculature participates in
the development and progression of the curve. We only know that the
changes are there and that it is hard to say how and why they manifest
themselves.

The objective of this study was to identify the principal muscular
changes found in patients with adolescent idiopathic scoliosis through
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a review of the literature.
Methods

We performed an electronic search of the PubMed [Public
Medline], LILACS [Literatura Latino-Americana E Do Caribe Em
Ciéncias Da Saudde], [Latin American and Caribbean Health Sciences
Literature]),

PEDro [Physical Therapy Evidence Database], and EMBASE
[Biomedical Data Base] data bases using the keywords “scoliosis”,
“biomechanics”, “exercises”, “physical therapy”, “idiopathic”, and
“muscle”, previously consulted in DeCS [Descritores em Ciéncias
da Saude] [Health Sciences Key words] and MeSH [Medical
SubjectHeadings].The keywords were combined using the Boolean
operator “and” a search of works from the period of January 2003 to
April 2015 was performed to identify clinical trials and prospective
crosssectional and cohort studies about the proposed subject.

Following selection of the articles by electronic search, a manual
search of the references of the chosen articles was conducted to avoid
losing any articles that were relevant to the study.

The inclusion criteria adopted were language (English,
Portuguese, and Spanish), target population (adolescent), etiology
(scoliosis of idiopathic origin), type of study (except case studies),
species (human), and archives from the period between January 2003
and April 2015.

Studies that involved surgical treatment, the administration of
medications, studies of cadavers, comparative studies or orthoses,
software analyses, studies that did not discuss the muscular changes
found in adolescent idiopathic scoliosis, articles about respiratory
changes, sensory motor response, changes during walking, and the
application of specific treatment protocols were excluded.

Results

With the combination of the words ‘scoliosis’ and ‘biomechanics’,
302 articles were found: two in LILACS, 157 in PubMed, and 143 in
EMBASE in five journals and none in the PEDro data base. Only two
articles, from the PubMed database, were selected. By combining the
words ‘idiopathic’, ‘scoliosis’, and ‘exercises’, 25 articles were found:
240 in PubMed, three in LILACS, and 13 in PEDro. EMBASE did not
return any articles in the search, but only books. Four articles were
selected from the PubMed data base. The search using the keywords
‘scoliosis’ and ‘physical therapy’ returned 1056 articles:, seven
from PEDro, 946 from PubMed, 71 articles from three EMBASE
periodicals, and 30 from LILACS.

Two of the PubMed and one of the LILACS articles were chosen.
The last search was performed combining the keywords ‘scoliosis’
and ‘muscle’ and returned 2707 works: 1104 from the LILACS data
base, 28 from PEDro, and 1532 from PubMed. Once again, EMBASE
returned only 13 books. Only two of the PubMed data base articles
were selected (Table 1). The final total of works selected was 11, as
no relevant works were found by the manual search (Table 2) and
(Figure 1).

Discussion and Final Considerations

In past decades, various studies have proposed that the paraspinal
musculature plays an important role in the mechanisms of idiopathic

Table 1: Bibliographical references identified by key words and databases.

Keywords Database | References Located
Pubmed 157
PEdro 0
Scoliosis and biomechanics
LILACS 2
EMBASE 143
Pubmed 240
PEdro 13
Idiopathic and scoliosis and exercises
LILACS 3
EMBASE 0
Pubmed 946
PEdro 7
Scoliosis and physical and therapy
LILACS 30
EMBASE 71
Pubmed 1575
PEdro 28
Scoliosis and muscle
LILACS 1104
EMBASE 0
Total 4319

Records
Excluded

Reading of title and
abstract (n = 1571)

Records identified
through the database
search (n = 4319)

Arficles with
complete text
excluded, with

reason (n = 554)

Additional records
identified from
other sources (n =
o)

Articles with
complete text
evaluation for

eligibility (n = 595)

Duplicate records
removed (n = 18]

Records selected
(n= 21686)

Selected articles
(n=11}

Other languages,
outside of the
search period, and
other species (n =
2137)

Figure 1: Study selection flowchart.
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Table 2: Description of research articles selected.

References Auto R;T;;/rype of Oxford Objective Sample Conclusion
Pingot, et al. [28], Intervention 2C To evaluate the torque of thg hip flexor and extensor N: 123 Change in strength on both sides.
2007. muscles in IS.
) . To determine whether subjects with IS have dysfunction of . . ) .
Lin, et al. [29], 2010. Cross-sectional paired the shoulder kinematics and, if so, whether it is related to N: 26 Change in the EMG_m patients with upper
control study. 2B S thoracic curve.
muscular activation.
Mahaudens, etal. | Simple study paired for To evaluatg t.he impact of pelvic change segondary toAAIS . Change in the paraspinal, abdominal, and
and the efficiency of the locomotor mechanism, both in a N: 24
[30], 2005. age and sex. 2B I L A lumbar quadratus muscles.
standing position and walking.
Gaudreault, et al. | Pilot study (controlled). o .evaluate the paraspinal musclgs of the S.UDJeC.tS v.\nth IS . Change in the EMG on the convex side of
using EMG and to compare the difference in activation of N: 16
[31], 2005. 2B : the curve.
the two sides.
Cheung, et al. [32],  Longitudinal prospective To evaluate the Qevelopment of the curve, the relatllonshlp . Increase in the EMG of the convex side
between the variables and the EMG, and this relationship N: 105 ) - :
2006. study. 3C . - during the period of curve progression.
during progression.
Cheung, et al. [33]. | Cross-sectional study. To examme the relationship between th? EMG act|V|t¥ OT . Relationship between the EMG activity and
the paraspinal muscles and the progression of the scoliotic N: 23 -
2005. 3B the progression of the curve.
curve.
Oliveira, et al. [34], Prospective clinical To record aqd process the_ myoelectric amplltudAe O.f . Without difference in activation between the
the erector spinae muscles in IS and to compare it with N: 30 -
2011. study. 3B P sides of the curve.
healthy individuals.
Tsai, et al. [35], Cross-sectional study. o evaluat.e paraspl'nal act|vat'|on n healthy individuals . Increased activation of the convex side in
and those with IS during extension and flexion of the trunk N: 74 : .
2010. 2B ) ; patients with moderate curves.
in terms of angulation and speed.
Schimid, et al. [36], | Cross-sectional study. To investigate if asy_mmetrlcal resstgnce training focused . Both exercises can produce an increase in
on the concave side of the curve increases the EMG N: 16 .
2010. 3B - . the EMG on the concave side.
activity on the concave side.
Chwata, et al. [37], | Cross-sectional study. o e\_/aluate the |mp_a<;t of symmetnca_l and asymmfetngal . Change in activation between the sides that
exercises on the activity of the paraspinal muscles in girls N: 82 .
2014. 3B with AIS depends on the type of curve and exercise.
: . To evaluate the neuromuscular efficiency and fatigued Less strength and neuromuscular efficiency,
Bassani, et al. [38], | Cross-sectional study. . . ) ) ) . . A ) L
lumbar extensors in subjects with and without AIS using N: 20 without difference in activation between the
2008. 2B .
the EMG. two sides.

scoliosis.27 to some authors, the onset of AIS is the result of direct
participation of this musculature, while to others, and the changes
found are secondary to the structural changes that occur in the
development of the disease.

In addition to the changes in the paraspinal musculature, theories
about changes in the muscles related to other segments have also
been proposed, particularly those that function in the pelvic and
shoulder girdles. However, currently there are few findings about
the consequences of AIS on these structures and the paraspinal
musculature is the greatest focus of research given its direct
involvement with the spine [27-29].

Lin et al [29] investigated the activation of scapular muscles
using surface electromyography. Evaluating the superior and inferior
trapezius, the serratus, and the anterior deltoid muscles of 13 patients
with AIS, they found a delay in the activation of these muscles both on
the concave and convex sides when compared to healthy individuals.
They also confirmed an increase in the activity of the serratus anterior
and a decrease in the activity of the concave side of the inferior
trapezius, findings that may be explained by the three-dimensional
changes of scoliosis that alter the positioning of the shoulders and
shoulder blades, as reported by Zabjek et al [19].

Investigating the involvement of the hip musculature, Pingot
et al [28] evaluated the strength of the flexor and extensor muscles
in 123 patients diagnosed with AIS, all with mild curves. In their
assessment, they discovered an increase in the strength of the flexors
of the right hip and the extensors of the left hip in the group with
lumbar curves to the left. In the group with lumbar curves to the right,
they discovered greater strength in the left-side flexor and right-side

extensor. Following six months of progressive load strength training,
the results suggested that the strengthening of the hip musculature
reduced the difference in strength between the lower limbs of the
patients with AIS [27]. The findings of Pingot et al [28] support the
theory that the changes caused by AIS, especially those related to
distortion and pelvic tilt, may result from a reduction in strength of
the lower limb muscles, in this case the rectus femoris, iliopsoas, and
gluteus maximus.

In 1983, Sahgal et al [27] in a morphological study that compared
biopsies of the paraspinal and gluteus maximus muscles of 15 patients
with the quadriceps muscles of eight healthy individuals, identified
changes in the type of fiber in the individuals with AIS.

Both the paraspinal and hip extensor muscles were affected in
the individuals with AIS, suggesting at the time that the disease had
a primarily muscular etiology [27]. These findings may support the
results reported by Pingot et al [28]. since the change in the type
of fibers predominant in the hip extensor musculature can result
in weakness and differences in the strength of the limbs and the
resistance between them.

Mahaudens et al [30] evaluated and compared 24 individuals,
divided into two equal groups of 12 with AIS and 12 in good
health, for muscle strength (measured as proposed by Kendall)
and activation while standing and walking using EMG to measure
activity electromyographically. The quadratus lumborum, erector
spinae, gluteus medius, gluteus maximus, and abdominal muscles
were evaluated. In both groups, a decrease in the strength of the
abdominal muscles was confirmed, but in the AIS group there was
greater activation of the erector spinae and the quadratus lumborum
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muscles. No difference between the concave and convex sides of the
curve were reported, but to the author, this change was a result of the
compensatory mechanism that works to maintain the stability of the
spine and pelvis in response to the structural changes suffered with
scoliosis [31]. Although these changes in the paraspinal musculature
align with the findings of other authors, the doubt remains as to
whether this mechanism is compensatory or primary in individuals
with AIS.

To better understand the development and progression of
scoliotic curves, Cheung et al [32] in a prospective longitudinal study,
evaluated 105 patients with AIS over a period of three years, with a
minimum follow-up of one year. The objective was to compare patients
who had curve progression with those with no curve evolution and to
confirm in what ways the paraspinal musculature could be influenced
by this progression. Through digital reconstruction of spinal x-rays in
AP and lateral view, they obtained the Cobb angle values for scoliosis,
thoracic kyphosis, and lumbar lordosis. They also obtained EMGs of
the surface of the paraspinal muscles in the apical and final vertebrae
of the curves. The results suggested greater EMG activity on the
convex side of the entire curve during the period of progression and
an increase of muscular activity only in the apical vertebra once the
period of progression had ended [32].

These findings leave some doubt as to whether this increase in
EMG activity comes from the progression of the curve or from the
compensatory mechanism to prevent this progression. Moreover,
the findings from this study suggest that axial rotation only occurs
following the initial lateral deviation of the spine and that thoracic
kyphosis seems to be related to the progression of the curve.

These findings agree with the study by Cheung et al [33] a
pilot with 23 subjects in which, besides evaluating the EMG of the
paraspinal muscles and the progression of the curve through digital
reconstruction of radiographs, they evaluated the EMG of the
latissimus dorsi muscle. The results were consistent with the previous
study except that there was no evidence of changes in the activity of
the latissimus dorsi muscles, only an increase in the EMG activity of
the paraspinal muscles at the apex and end of the curve of the patients
with progressive curves [32,33].

Another controlled pilot study of 16 patients by Gaudreault et
al. [31] in 2005 revealed EMG activity at four levels of the spine (the
longissimus muscle at T10 and L1, the iliocostalis muscle at T3, and
the multifidus lumborum at L5) and also the efficiency and fatigue
levels at level L3 on the right [31] The six patients in the group with
scoliosis had thoracic curves on the right, again suggesting a change
in the paraspinal musculature of the convex side of the curve.

Also in an attempt to assess muscle activation at specific points of
the spine, de Oliveira et al [34] evaluated the EMGs of the paraspinal
muscles atlevels T8, L2, and L5, in addition to the maximum voluntary
isometric contraction of this musculature in 15 individuals with AIS
and 15 healthy individuals. However, unlike what was described by
Gaudrealt et al [31] there was no evidence of significant differences
between the groups in the EMGs measured at different levels, except
at L5, or in the Cobb angles of the samples (which may be explained
by their use of a larger sample than Gaudrealt et al [31].

Tsai et al [35] evaluated the EMGs of the paraspinal muscles at

levels T7 and L2 in 41 healthy individuals and compared them with
23 individuals with mild AIS (10°-20°) and ten with moderate curves
(>20°), as they performed isokinetic flexion and extension exercises
of the trunk at 30°/s and at 90°/s and also divided the paraspinal
musculature into medial and lateral regions. They found an increase
in activity on the convex side except in the flexion at 30°/s. The results
of the groups with healthy individuals and those with mild curves
were equal, while the group of subjects with moderate curves had
an increase in EMG activity. This study showed the differences in
muscular activity depending upon the magnitude of the curve. In
spite of the small sample, it reinforced the hypothesis that the greater
the angulation, the greater not only the biomechanical structural
changes encountered, but also the greater the changes in muscular
activity [35].

In 2010, Schimid et al [36] compared the differences in the
muscular activation on both sides of the curve in a single evaluation
of 16 patients with IS while they performed four symmetrical and
asymmetrical trunk extensor strengthening exercises, commonly
used in the rehabilitation of patients with AIS. Of the 16 patients, nine
had thoracic curves, three had lumbar curves, two had thoracolumbar
curves, and two had double curves. Comparing the types of curves,
they found no preferential activation of either the concave or the
convex side associated with the predominant type.

However, some of the exercises, symmetrical and asymmetrical,
were capable of promoting greater activation of the musculature on
the concave side, which could be beneficial if applied to these patients,
as in some studies these muscles were shown to have reduced EMG
activity[36].

However, the 2014 study by Chwala et al [37] does not support
this conclusion. After evaluating 82 girls with AIS divided into two
groups, those with simple curves and those with double curves,
both at rest and while performing symmetrical and asymmetrical
exercises of the paraspinal muscles, the authors concluded that there
is greater electrical activation of the muscles on the convex side in the
individuals with simple curves during symmetrical and asymmetrical
exercises that recruit the muscles of the side of the concavity of the
curve, while in individuals with double curves, the pattern is reversed.
The divergences between the two studies may be explained by the
differences in the samples, the ages of the subjects, the positioning of
the electrodes, and the exercises applied during the evaluation.

Both findings, if applied to the treatment of AIS, can favor the
recovery of paraspinal muscle balance. However, there is a lack of
controlled studies that compare exercises to determine which ones
are truly beneficial.

Although most studies, and the structural change itself, suggest a
change in muscular activation between the concave and convex sides
of the scoliotic curve, the 2008 study conducted by Bassani et al [38]
did not report results that corroborate this theory and these findings.
They evaluated 20 patients, 10 with idiopathic scoliosis and 10 in good
health, in whom fatigue was induced in the trunk extensor muscles
by performing maximum voluntary isometric contractions.They
assessed the responses with EMGs of levels L1 and L5 and concluded
that, although the neuromuscular efficiency and strength of the group
with scoliosis was significantly lower (42.6%) when compared with
the control group, there was no difference in activation between the
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concave and convex musculature of the individuals with scoliosis.

Nevertheless, besides this being a small sample, there was a wide
range in ages of the participating individuals (+13 years), the oldest of
whom was 35 years of age. This is important because, at that age, the
degenerative process may have already begun and the musculature
may have been undergoing the process of liposubstitution. Another
point to highlight is that it is not possible to classify all patients as
suffering from adolescent idiopathic scoliosis unless they were
diagnosed during adolescence, a point that was not cited in the study.
Additionally, in AIS, the peak of curve progression occurs during
peak growth. In a study with individuals outside of this age group,
important changes present during the period of greatest change may
be missed, a fact documented by Cheung et al [32,33].
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