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Magnitude of thoracic spine deformity affecting morphologial characteristics of paraspinal
muscles in patients with severe idiopathic scoliosis
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Introduction Morphological, biochemical and histopathological characteristics of paraspinal muscles have been well described in
patients with idiopathic scoliosis. However, there is a paucity of literature on morphological picture of paraspinal muscles in patients with
severe idiopathic scoliosis. Objective To explore how the magnitude of thoracic spine deformity affects morphological characteristics of
paraspinal muscles in patients with severe idiopathic scoliosis. Material and methods A total 21 patients with idiopathic scoliosis were
reviewed. The patients were assigned to two groups depending on magnitude of preoperative thoracic spine deformity. A major group
consisted of patients with scoliosis of > 60° (n = 11) and control group included patients with a curve < 60° (n = 10). Biopsy samples were
taken from muscle fragments (multifidus muscle) at the apex of the curve (major arc) at the Th6-Th10 level on the convex side while
approaching to the posterior spinal structures during surgical correction of kyphoscoliosis using light microscope. The specimens were
examined histologically with light microscope. Results Patients with severe idiopathic scoliosis (> 60°) showed evident muscle fiber
atrophy and dystrophy of different extent. There were nucleus free areas and homogenized muscle fragments observed with connective
tissue layers being swollen and frayed with multiple fibroblasts seen in nearly all the samples. Arterial walls were normally fibrotized.
Structural changes ranged from minimal with a curve of 60° to degrading muscles with the fibers replaced by fat and connective tissues
with a curve angle of 145°. Conclusion Morphological characteristics of paraspinal muscles have been shown to be severely affected
by the magnitude of thoracic spine deformity in patients with severe idiopathic scoliosis. The findings should be considered in surgical
correction of kyphoscoliosis with special focus on postoperative vascular and neurotropic therapy to allow wound healing and lower

complication rate.
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INTRODUCTION

Scoliosis of the spine is defined as a three-
dimensional deformity identified by curvature in the
coronal plane and is often accompanied by vertebral
rotation in the transverse plane and hypokyphosis in
the sagittal plane. Scoliosis affects 0.2—-0.6 % of the
population worldwide and accounts for approximately
70-90 % of idiopathic cases without specific etiology
[1-4]. The condition is multifactorial [ 1, 5-11]. Among
causative factors muscles of the human paraspinal
region have been the focus of attention in patients
with idiopathic scoliosis [8, 12-16]. Idiopathic
scoliosis as a three-dimensional deformity is also
characterized by impaired biomechanical parameters
of other segments including shoulder, scapula, pelvis
associated with the development of curvature with the
paravertebral musculature exhibiting abnormalities
as compensatory mechanisms in response to
deformity or baseline structural changes [10, 17—
19]. Paraspinal muscle morphology and structure
are generally explored in patients with idiopathic
scoliosis measuring a mean of 48° to 68° (range, 28°
to 115° [14, 16, 20-22]. Surgical management of
severe and rigid idiopathic scoliosis (> 60°) [23, 24]
is a challenge [25]. Patients with idiopathic scoliosis
present lower electromyographic activity in the
paravertebral muscles of the thoracic spine after spine
fusion, probably because of atrophy [26]. There is a

limited number of papers reporting morphological
evaluation of the paravertebral muscles in patients
with severe and rigid idiopathic scoliosis [21, 27].

Objective To explore how the magnitude of
thoracic spine deformity affects morphological
characteristics of paraspinal muscles in patients with
severe idiopathic scoliosis.

Design Retrospective monocentric cohort case-
control study. Level of evidence: 3b (UK Oxford,
version 2009).

Patients were randomly recruited according to
inclusion criteria:

* a single institution (clinic for spine pathology
and rare diseases at the Kurgan Ilizarov Center) and
period of recruitment 2015-2017;

* patients aged 12 to 30 years (inclusive) at the
time of surgery;

* nosologic entity of thoracic idiopathic scoliosis
(Lenke I-IIT).

Exclusion criteria were:

* patients with spinal curves of different etiology;

e patients with thoracolumbar (Lenke IV) and
lumbar idiopathic scoliosis (Lenke V-VI);

* unavailability of the complete imaging archive
for analysis.

Morphological evaluation of the paravertebral
muscles was randomly performed for 21 patients with
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the above criteria. Patients were assessed radiologically
and morphologically. Outcomes measures included
Cobb angle of the thoracic curve, histologic features of
muscle fibers relative to the magnitude of the deformity.
All patients underwent correction of the curve and spinal
transpedicular fixation. Biopsy samples were taken from
muscle fragments (multifidus muscle) at the apex of the
curve (major arc) at the Th~Th,, level on the convex
side while approaching to the posterior spinal structures
during surgical correction of kyphoscoliosis using light
microscope. The samples were fixed in 10 % neutral
buffered formalin and then embedded in paraffin before
sectioning. Representative sections were stained with
hematoxylin and eosin (H&E), Masson's trichrome
stain according to Van Gieson staining protocols. The
specimens were documented with AxioScope.Al
stereomicroscope and image acquisition performed with
AxioCam digital camera (Carl Zeiss Microlmaging
GmbH, Germany). The study received a favourable
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opinion from the relevant research ethics committee of
the Russian Ilizarov Scientific Center for Restorative
Traumatology and Orthopaedics Ministry of Health of
the Russian Federation. The study was performed in
accordance with ethical principles for medical research
involving human subjects stated in the Declaration of
Helsinki developed by the World Medical Association.
Written informed consent for the participation in the
research project, diagnostic procedures and publication
of the findings without identifying details was obtained
from patients aged 18 years and older, the subject's parent/
legally acceptable representative. Microsoft Office
Excell 2010 and AtteStat program were used to complete
statistical data analysis reports. The data obtained were
summarized as the arithmetic mean (M) and error of the
arithmetic mean (+m). We performed Student t tests for
normally distributed variables and non-parametric tests
for variables that were not normally distributed. We set
the significance threshold at p = 0.00066.

RESULTS

Patients were assigned to two groups (main and control)
according to the measurements of the curve (Table I).
Thoracic scoliosis measured 60° to 145° in the main group
and 35° to 55° in controls. There were no statistically
significant differences in age and gender between the groups.

Morphological evaluation of paraspinal muscles
in patients with idiopathic scoliosis measuring < 60°
(35-55°) (control group) showed greater portion
of FOV with mild fibrosis of endomysium and
perimysium with muscle fibers maintaining polygonal
profile and increased variability in the diameters in
paraffin sections of intraoperative specimen (Fig. 1a).
There were also muscle fibers with degenerative signs
of different severity.

Arterial vessels had signs of mild fibrosis of the
adventitious membrane, with no increase in volume,
smooth myocytes of the tunica media were deprived
of circular orientation with no fibrosis or obliteration
(Fig. 1b). Intramuscular nerve guides had signs
of normal histostructure with myelin nerve fibers
maintained (Fig. 1c). Morphological evaluation of
paraspinal muscles in patients with severe idiopathic
scoliosis measuring > 60° showed evident atrophy
of different severity and dystrophic muscle fibers.
There were nuclei free and homogenized fragments
of muscle fibers. Connective tissue layers appeared to

be swollen and frayed with multiple fibroblasts in all
the specimens. Arterial walls were mostly fibrous. The
histostructure of the muscles had the smallest deviations
from the norm with the thoracic curve measuring
60-65° (Fig. 2). The diameters of the muscle fibers
were relatively uniform in most fields of vision with
the endomysium between the fibers being extrinsical.
There were small diameter fibers observed along with
giant hypertrophied fibers (Fig. 2a), degenerative and
contractured fibers (Fig. 2b), endomysium fibrosis and
hemorrhage (Fig. 2¢) with perimyseum vessels being
normally structured.

There were more visual fields with some interstitial
fibrosis, several polygonal fiber profiles and few
inactivated nuclei with the increased Cobb angle of
100-110° (Fig. 3a). Histological patterns with small
diameter fibers of rounded profiles were observed in
a typical scenario of muscle structural adaptation.
Muscle fibers with internal nuclei were identified
indicating to a probable invasion of macrophages
(Fig. 3b). The perimysium vessels had mostly normal
histostructure. Arterial vessels with massive t. media
and t. adventicia and almost complete obliteration of
the lumen were noted (Fig. 3b). The vessels of the
venous bed appeared to be thin, full of blood that

could cause multiple hemorrhages.
Table 1

Major and compensatory curves measured in patients with idiopathic scoliosis, M + m, n =21

Groups of patients

Description

Main group (n=11)

Control group (n = 10)

Age (years) 19.2 + 1.4 (range, 14-27) 16.5 + 0.9 (range, 12-20)
male 4 3
Gender female 7 7

Major curve at Th —Th  level, °

97.3 + 7.9* (range, 60—145)

47.4 £ 3.6 (range, 35-55)

Compensatory curve at L L, level, °

47.3 £9.7 (range, 15-135)

27.1 £5.1 (range, 15-43)

Note: *, significant differences in parameters of the main and control groups at p = 0.00066.
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Fig. 1 Fragments of paraffin sections of paravertebral muscle specimen at the apex of the curve in patients with idiopathic scoliosis
measuring 40° at the thorax showing («) mild fibrosis of the endomysium; (b) vessels of the arterial bed with signs of mild fibrosis
of the adventitious membrane, the tunica media with no increase in volume, smooth myocytes deprived of circular orientation;
(c¢) normal histostructure of the nerve guides maintained. Stained with H&E (a), Masson's trichrome (b, ¢); magnification 200x

Fig. 2 Fragments of paraffin sections of paravertebral muscle biopsies at the apex of deformity in patients with idiopathic
scoliosis with an a Cobb angle of 60° showing (&) variations in the diameters of muscle fibers featuring hypertrophied (arrow)
and small atrophic fibers (short arrow); (b) contractured fiber (arrow) at the initial stage of degeneration (short arrow); (¢) a site
of interstitial fibrosis, hemorrhage. Stained with H&E (a, b); Masson's trichrome (c); magnification 200x

Fig. 3 Fragments of paraffin sections of biopsies of paraspinal muscles at the top of deformity in patients with idiopathic
scoliosis with a Cobb angle of 110° showing (@) profiles of many fibers retaining polygonality, interstitial space fibrosis;
(b) rounded fibers of small diameters, fibers with multiple internal nuclei (arrow); (c) an artery with severe fibrosis and complete
obliteration of the lumen. Stained with H&E; magnification 200x

The paraspinal muscles had greater signs of adipocytes and fibrosis (Fig. 4a). The perimysium vessels

degeneration with the maximum thoracic curve of
145° in the study specimen. Normal muscle tissue was
nearly absent with the muscle fibers being replaced by

had significantly thickened membranes (Fig. 4b). Signs
of axonopathy and lipomatosis, proliferated fibrous
tissue were identofied in the nerve conductors (Fig. 4c¢).

Fig. 4 Fragments of paraffin sections of paravertebral muscle biopsies at the top of the deformity in patients with idiopathic
scoliosis of 145° showing (a) fatty degeneration of muscle fibers, interstitial space fibrosis; (b) severe fibrosis of the arterial
membranes, disorientation of smooth muscle fibers; (c¢) proliferation of fibrous tissue, signs of axonopathy in the nerve
conductor. Paraffin sections stained with Van Gieson method (a, ¢), H&E (b); magnification 200x
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DISCUSSION

Torso muscle imbalance is an important factor
for the onset and progression of idiopathic scoliosis
[28]. C. Wong et al. suggested a theory of muscle
balancing/realigning to describe the mechanism of
muscle imbalance causing the curve progression
[29]. The findings of genetic studies have shown
that some risk loci for idiopathic scoliosis are likely
to develop in areas located near or inside genes
linked with muscle biogenesis [30, 31]. MRI and
ultrasonographic findings of paravertebral muscles
in patients with idiopathic scoliosis demonstrated
different changes in electromyographic activity [19,
22, 32-35], histological characteristics [14, 21, 27,
36] and structures [16, 37, 38]. M. Wajchenberg et
al. reported biopsy performed during surgery as the
best way to assess pathological changes in muscles.
Previous studies conducted with percutaneous
biopsies or through electromyography could not
adequately isolate the proper muscle fibers [21].

Since the beginning of the 70s of the last century,
studies have been conducted to characterize the
morphological, morphometric and ultrastructural
features of the paraspinal muscles in idiopathic
scoliosis. A wide range of pathological changes in the
normal distribution of the majority of muscle fiber
types was seen with light and electron microscopy.
The alterations appeared to be mostly non-specific
[36]. Hypertrophy, atrophy, centralization of nuclei,
sarcotubular myopathy [39, 40], disruption of
myofilaments, subsarcolemmal accumulation of
glycogen, lipids and mitochondria with atypical
ultrastructure were noted in some myocytes [41]. Signs
of myopathy, necrosis, fibrosis and fat involution, and
hyaline fibers were identified in the fibers [21]. The
few pathologic changes were predominately seen in
the gravest cases of scoliosis [27].

Moderate morphological changes were detected
in 50 % of histological studies and were deemed
as variations of the norm. Necrosis, phagocytosis,
hypertrophy and fiber regeneration were observed
in a few specimens with a greater percentage of the
manifestations being characteristic for the muscles
on the concave side of the curve [14]. The role of
localization of most pathohistological changes to
be identified in the paraspinal muscles either on the
concave or convex side of the curve has not been fully
understood in patients with idiopathic scoliosis. M.
Wajchenberg et al. reported significantly more fibrosis
and fatty involution in the paraspinal muscles on the
concave side of the scoliosis apex than on the convex
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side. However, both sides showed signs of myopathy,
muscular atrophy due to necrosis, presence of hyaline
fibers [21]. Yarom R. and Khosla S. suggested that the
maximum morphological changes in the paravertebral
muscles were also identified on the concave side
of the deformity in this cohort of patients [39, 40].
Paz A.C.D. reported greater morphological changes
on the convex side [14]. Slager U. T. reported no
preferences for either side of the curve [40].

There is also no consensus about muscle volume
(according to MRI data) regarding the side of the
curve. A larger back muscle volume in idiopathic
scoliosis patients can be more frequent on the
concave than on the convex side [37]. Jiang J. et al.
[16] reported a larger muscle volume observed, on
the contrary, on the convex side of the scoliotic curve.

Publications reporting structural and
morphological changes in the paraspinal muscles in
idiopathic scoliosis normally review the specimens
taken from patients with an average curve angle of
48° to 68° (range, 28° to 115°) [14, 15, 16, 20, 22].
Treatment of severe spinal deformities (> 60° degrees)
[23, 24] remains a serious surgical problem [25]. The
paraspinal muscles of the thoracic spine have shown
lower activity after spinal fusion due to atrophy [26].
However, little attention has been paid to the study of
the morphology of paravertebral muscles in patients
with severe idiopathic scoliosis. In this study, we
analyzed the effect of the angle of spinal deformity
in the thoracic region on the morphological features
of the paravertebral muscles on the convex side of the
deformity in idiopathic scoliosis, depending on the
severity of the curvature.

The greater angle of deformation is known to be
associated with greater changes in electromyographic
activity with a curve of 10 ° to 40° [33]. A. C. D. Paz
et al. reported fiber diameter data being significantly
correlated with the Cobb angle values mesuring 45° to
90° with the mean of 64°. Statistical analysis showed
an inverse relationship: the diameter of both type
I and type 1I fibers of the paraspinal muscle on the
concave side decreased with increasing Cobb angle
[14]. The greater the Cobb angle measuring 32° to
73° with the mean of 51°, the greater the difference
in the number of muscle fibers on the convex and
concave sides observed [22].

Our findings showed different severity of atrophy
and dystrophy of muscle fibers in patients with severe
idiopathic scoliosis of >60°. The histostructure of
the muscles appeared to have minimal deviations
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from the norm in the thoracic curve measuring 60-
65°. In addition to muscle atrophy, hypertrophy was
reported in the curve measuring 28° - 45° to 90° with
the mean of 56° [14, 16, 39, 40]. The curve angle
increased to 100—110° degrees was associated with
greater visual fields showing polygonal fiber profiles
and moderately pronounced interstitial tissue. Muscle
fibers of a very small diameter were also observed
in the specimens indicating to the muscle structural
adaptation. The accumulation of internal nuclei in
fibers could be ascribed either to myophagy (invasion
of macrophages) or to pycnotic nuclear clusters in
myodystrophy [42]. Fibrosis of the endomysium
and perimysium, areas of adipocytes and multiple
hemorrhages were consistent with the literature
data. Histological examination of the paravertebral
muscles of patients with thoracic curves of 46° to
115° with the mean of 68° showed interstitial fibrosis,
signs of myopathy, necrosis and fatty involution [15].

These changes were reported to be more common on
the convex side [14].

Different authors have emphasized that patients
with idiopathic scoliosis who require surgical treatment
may have a more severe deformity, that can lead to
significant pathohistological changes in the paraspinal
muscles [15, 21]. However, no description of the
morphological manifestations of the back muscles in
patients with thoracic curve of > 120 ° could be found
in the available literature. Our findings showed greater
signs of degeneration seen in the paraspinal muscles
with the maximal angle of the thoracic curve measuring
145 °. The muscle tissue appeared to degrade as the
structure with muscle fibers being replaced with
adipose and connective tissue. Muscle fibers were
shown to be fragmented with perimysium vessels
featuring thickened membranes. Signs of axonopathy
and lipomatosis were observed in nerve conductors
with nerve fibers being replaced with fibrous tissue.

CONCLUSION

Morphological characteristics of paraspinal
muscles were shown to be severely affected by the
magnitude of thoracic spine deformity in patients
with idiopathic scoliosis. The structural muscle
changes ranged from minimal alterations with a
curve measuring up to 60° to the muscle tissue
degrading as the structure with the fibers being
replaced with adipose and connective tissue with

the curve of 145°. Patients with severe idiopathic
scoliosis (> 60°) showed evident muscle fiber atrophy
and dystrophy of different extent, an expansion of
fibroblastic connective tissue and arterial walls. The
findings should be considered in surgical correction
of kyphoscoliosis with special focus on postoperative
vascular and neurotropic therapy to allow wound
healing and lower complication rate.
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