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Objective of the work was to produce a comprehensive evaluation of the motor system, spine muscles and posture as effected by
orthoses. Material and methods. 28 children with scoliosis posture (mean age of 10 + 0.4 years). Bilateral diagnostic transcranial
magnet stimulation of m. abductor hallucis was performed for all the patients to assess latency and amplitude of evoked motor poten-
tial, voluntary activity of thoracolumbar muscles (m. latissimus dorsi) recorded at three locations with surface electromyography
(EMG) evaluating mean amplitude and frequency of turns of interference pattern and posture in coronal and sagittal planes using
optical topography assessing deviations of the spinal axis from the central line, kyphosis and lordosis angles. The studies were car-
ried out prior to the usage of ORTO® orthosis and in 1 to 2 days on completion within 2 weeks during 8 hours daily. Results. All
children of the second series showed shorter latency in segmental MEPs, increased amplitude, increased amplitude of interference
curve and low frequency, less deviations of the spinal axis from the central line, lordosis and kyphosis angles. Conclusions. Pediatric
application of ORTO® thoracic lumbosacral orthosis to improve posture showed no statistically significant decline in functional ac-
tivity of the spinal muscles during 2 weeks. The usage of the brace resulted in a typical response in all the cases including better mo-

tor nerve conduction at periphery, increase in functional motor neuron activity, thus, enhancing neuroplasticity.
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INTRODUCTION

Bracing is one of major conservative methods used
to treat spinal injuries and diseases and applicable in
different modes from ancient times [1].

Spinal braces are available in custom-fabricated and
off-the-shelf versions designed for cervical, thoracic, lum-
bar and sacral spine either alone or in different combina-
tions (lumbar-sacral, thoracic lumbosacral, etc.) [2].

Spinal orthoses are categorized as flexible, rigid and
semi-rigid and functional corrective considering their
specific design in classification of technical aids of
rehabilitation including posture corrector, reclinators
and orthopaedic bandages [3]. The usage of either rigid
or semi-rigid (i.e. inelastic) bar to fix the elements
providing major orthotic function of the corset makes
the difference with orthopaedic bandage [1].

Spinal corset is one of high demands in treatment of
several pathological conditions. There are reports con-
cerning hypo- or atrophic muscles of spine developing
with corset bracing which is discrediting for orthotics on
the whole and spinal braces applied for treatment of var-
ious types of dorsopathy, and for prophylaxis of dis-
turbed posture, in particular [4].

Imaging modalities (US, magnetic resonance imaging
of muscles) and punch biopsy are used for objective as-
sessment of muscle atrophy; overall muscle activity can be

clinically evaluated with surface electromyography [5].
The method is known to be used for m.longissimus dorsi
assessment before and after rehabilitation program [6, 7].
Although the standard surface EMG fails to evaluate deep
muscular structures with accurate differentiation the inter-
ference curve meets the demands of overall activity re-
view before and after rehabilitation measures [8].

Transcranial magnet stimulation (TMS) is a diag-
nostic and therapeutic technique that was introduced
into clinical practice at the end of the last century [9].
TMS as a diagnostic tool is used for patient with epi-
lepsy, CNS tumors, amyotrophic lateral sclerosis, spi-
nal disorders and other pathological conditions in
adults and children [10, 11].

Alternatively to surface EMG TMS allows for as-
sessing the integrity of the central motor pathways and
excitability of spinal motor neurons that is reported to
be greater in scoliosis [7]. TMS applied in dynamics
with different treatment techniques, robot assisted
mechanotherapy for children, in particular, can provide
objective information about dynamics in the functional
condition of motor pathway all along the way [12].

Objective of the work was to comprehensively as-
sess motor system condition, spine muscles and posture
as effected by the usage of orthosis.
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MATERIAL AND METHODS

The study included 28 children with a mean age of
10 £ 0.4 years (range, 10 to 12 years), among them 16
girls and 12 boys. Based on orthopaedic examination
and past medical history including radiograph of the
spine taken within a one-year period all children were
diagnosed with either scoliosis, i.e. nonstructural spine
deformity that could be volitionally corrected, or idio-
pathic scoliosis of thoracolumbar spine of at least grade
I according to V.D.Chaklin.

Three methods of comprehensive examination were
performed for all children.

Diagnostic transcranial magnet stimulation (TMS)
was employed to assess nerve conduction bilaterally
from lumbar enlargement in the spinal cord to effector
muscles of lower limbs (m. abductor hallucis) and
functional activity of motor neurons of cervical en-
largement in the spinal cord. The latency and amplitude
of motor evoked potentials (MEP) were investigated.

Voluntary muscle activity at the thoracic and lum-
bar spine (m. latissimus dorsi) was studied at three sites
using surface electromyography (EMG). An average
amplitude and average turns frequency of interference
pattern were evaluated. Neuro-MS-D magnetic stimula-
tor and Neuro-MVP-8 electroneuromyographic device
(Neurosoft, Ivanovo) were used for TMS and EMG.

Dynamics in habitual vertical posture was assessed

in coronal and sagittal planes using optical measure-
ments of scoliotic, kyphotic and lordotic angles. DIERS
Medical optical topography system Germany) was ap-
plied for the evaluation.

All patients underwent comprehensive examina-
tions prior to ORTO® bracing and 1 to 2 days following
the application. The daily corset usage was 8 hours
during 2 weeks.

The ORTO® thoracolumbosacral orthosis used in
the study is an off-the-shelf version with a bar made of
inelastic textile fabrics providing semi-rigid fixation.
The brace has four additional rigid adjustable plan-
chettes, 2 for paravertebral and 2 for lumbar spine,
elastic straps to focus on lumbar spine fixation and ine-
lastic reclination straps for sagittal correction of the
thoracic spine. Reclination straps are equipped with
belt-loops to avoid displacement and shock-absorbing
pads at axillary vascular and nerve bundle.

A written informed consent to participate in the re-
search was obtained from parents or legal representa-
tives with all the details explained to them.

The findings were compared between the groups us-
ing descriptive and parametric (Student’s t-test) statisti-
cal methods. P < 0.05 was considered statistically sig-
nificant. STATISTICA software package was applied
for Windows.

RESULTS

Each of the children responded well to the research,
no adverse effects were observed with the usage of the
brace in any of the patients.

Overall neurophysiological findings are presented
in Table 1.

Dynamics in orthopaedic measurements is present-
ed in Table 2.

As seen in the tables, the dynamics in neurophysio-
logical findings of the study pediatric group was char-
acterized by shorter latency of segmental MEP in the

second series, increase in amplitude, increase in ampli-
tude of interference curve with lower frequency; all
changes were not statistically significant (p > 0.05)
with steadfast tendency. The set of changes was ob-
served in all the cases indicating to the standard re-
sponse of nervous and muscular system to the ORTO®
thoracolumbosacral orthosis applied to correct posture
in coronal and sagittal planes.

The changes in the study parameters are presented
in Figure 1.

Table 1

Dynamics in neurophysiological findings of the study pediatric group

Value + SD Lat. MEP, ms MEP amplit., Average amplit. of interf. Average frequency of interf.
mV curve, mV curve, turns/second
First series 17.8 +2.66 7.63+4.62 311.24 +53.75 306.44 + 87.75
Second series 16.91+1.14 8.54+3.91 329.91 + 47.63 280.58 + 67.14

Note: MEP lat., latency of motor evoked potential from m. abductor hallucis; MEP amplit., amplitude of motor evoked potential

from m. abductor hallucis.

Table 2
Dynamics in orthopaedic measurements of the study pediatric group
Value = SD DeV|at|orI1ir1:Lorrrrl]me central Kyphosis angle, ° Lordosis angle, °
First series 20.4+451 42.6 +3.04 43.8+3.61
Second series 19.4+£3.19 39.6 £3.11 40.01 + 2.56
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Fig. 1 Overall changes in the study values

Shorter MEP latency reflected faster conduction of
motor pathways; and the increased amplitude was in-
dicative of enhanced functional activity of motor neu-
rons (lumbar enlargement of the spinal cord in this
case), correspondingly [5, 13]. Increase in average am-
plitude of the MEP interference curve summed up en-
hanced activity of motor units with lower frequency
being indicative of their less recruitment. We can sup-
pose that greater bracing fixation to rig-
id/immobilization version has an adverse effect on
spine muscles. No decrease in average amplitude of
EMG interference curve following brace application in
adult patients was reported in 35 publications of meta-
analyses [4]. No statistically significant decrease in
muscle strength was noted in any of the publications,
moreover, several authors reported greater muscle
strength after the usage of orthosis [4]. Statistically
significant muscle atrophy was reported in one clinical

observation with longer (more than 2 months) brace
application, and the atrophic changes were shown to be
reversible [14, 15]. Our findings are in line with the
data obtained in meta-analyses.

Changes in orthopaedic parameters included de-
crease in angles of spinal axis deviation from the cen-
tral line, lordosis and kyphosis that indicated to the
signs of normal posture in sagittal and coronal planes.

Changes in functional condition of the spine flexor
and extensor muscles due to an injury and disease are
known to result in imbalance [1, 7] that entails greater
energetic efforts to maintain vertical posture, faster
muscle fatigue, discomfort and pains [7].

Construction elements of ORTO® orthosis with its
stabilizing, unloading and corrective effects on muscles
and ligaments of the spine were practical for treatment
and prevention of disturbed posture and primary scolio-
sis eliminating muscle imbalance.

CONCLUSIONS

Based on the findings, we can draw several conclu-
sions.

1. Orthosis used to correct pediatric posture with the
ORTO® thoracolumbosacral corset within 2 weeks did
not result in statistically significant decline in function-
al activity of the spinal muscles.

2. The usage of the brace showed a typical response

in the cases including better motor nerve conduction at
periphery, increase in functional motor neuron activity,
thus, enhancing neuroplasticity.

3. Application of semi-rigid and less rigid orthoses
was safe with regard to overall activity of skeletal mus-
culature.

REFERENCES

. Oreshkov A.B., Abdulrakhim M., Sharlan A.M., Reznik A.V. Istoricheskii obzor vneshnei immobilizatsii [Histori-
cal overview of external immobilization]. Genij Ortopedii, 2014, no. 4, pp. 98-103. (In Russian)

. GOST R 51819-2001. Protezirovanie i ortezirovanie verkhnikh i nizhnikh konechnostei. Terminy i opredeleniia
[State Standard R 51819-2001. Prosthetics and orthotics of the upper and lower limbs. Terms and definitions]. Mos-
cow, Gosstandart, 2001. 12 [I1V] p. (In Russian)

. Ob utverzhdenii klassifikatsii tekhnicheskikh sredstv reabilitatsii (izdelii) v ramkakh federal'nogo perechnia reabili-
tatsionnykh meropriiatii, tekhnicheskikh sredstv reabilitatsii i uslug, predostavliaemykh invalidu, utverzhdennogo
rasporiazheniem Pravitel'stva Rossiiskoi Federatsii ot 30 dekabria 2005 g. N 2347-r : prikaz Mintruda Rossii ot
24.05.2013 N 214n [On approval of the classification of technical means of rehabilitation (products) within the
framework of the Federal list of rehabilitation measures, technical means of rehabilitation and services provided for
the disabled person, approved by the disposal of the RF Government of December 30, 2005 No 2347-r: Order of the
RF Ministry of Labor of 24.05.2013 No 214n]. Zakony, Kodeksy i normativno-pravovye akty Rossiiskoi Federatsii.
Available at: http://legalacts.ru/doc/prikaz-mintruda-rossii-ot-24052013-n-214n/ (accessed 02.11.2016). (In Russian)
. Azadinia F., Takamjani Ebrahimi E., Kamyab M., Parnianpour M., Cholewicki J., Maroufi N. Can lumbosacral or-
thoses cause trunk muscle weakness? A systematic review of literature. Spine J., 2016, vol. 17, no. 4, pp. 589-602.
doi: 10.1016/j.spinee.2016.12.005.

. Komantsev V.N., Zabolotnykh V.A. Metodicheskie osnovy klinicheskoi elektroneiromiografii: ruk. dlia vrachei
[Methodical principles of clinical electroneuromyography: a guide for physicians]. SPb., Lan’, 2001, 350 p. (In Rus-
sian)

. LuW.W,, Luk K.D., Cheung K.M., Wong Y.W., Leong J.C. Back muscle contraction patterns of patients with low
back pain before and after rehabilitation treatment: an electromyographic evaluation. J. Spinal Disord., 2001,
vol. 14, no. 4, pp. 277-282.

170 Original Article



The llizarov Journal of Clinical and Experimental Orthopaedics Tom 23, No 2, 2017

7. Boutoukhanov V.V., Boutoukhanova E.V. Funktsional'nye metody lecheniia skolioza u detei [Functional methods
of scoliosis treatment in children]. Genij Ortopedii, 2003, no. 4, pp. 115-119. (In Russian)

8. Demoulin C., Crielaard J.M., Vanderthommen M. Spinal muscle evaluation in healthy individuals and low-back-
pain patients: a literature review. Joint Bone Spine, 2007, vol. 74, no. 1, pp. 9-13.

9. Barker A.T., Jalinous R., Freeston I.L. Non-invasive magnetic stimulation of human motor cortex. Lancet, 1985,
vol. 1, no. 8437, pp. 1106-1107.

10. Chervyakov A.V., Bakulin I.S., Savitskaya N.G., Arkhipov L.V., Gavrilov A.V., Zakharova M.N., Piradov M.A.
Navigated transcranial magnetic stimulation in amyotrophic lateral sclerosis. Muscle Nerve, 2015, vol. 51, no. 1,
pp. 125-131. doi: 10.1002/mus.24345.

11. Voitenkov V.B., Komantsev V.N., Skripchenko N.V., Ivanova G.P., Surovtseva A.V., Klimkin A.V. Sostoianie
tsentral'nykh motornykh putei pri rasseiannom skleroze u detei [Condition of central motor path-ways for multiple
sclerosis in children]. Vestn. RAMN, 2013, no. 11, pp. 34-37. (In Russian)

12.Lobzin Iu.V., Ivanova M.V., Skripchenko N.V., Pul'man N.F., Voitenkov V.B., Naidin E.lu. Opyt primeneniia ro-
botizirovannoi mekhanoterapii v reabilitatsii detei s dvigatel'nymi narusheniiami razlichnogo geneza [Experience of
using robotic mechanotherapy in rehabilitation of children with motor disorders of different genesis]. Meditsina
Ekstremal'nykh Situatsii. 2015. Ne 1 (51). S. 22-26. (In Russian)

13. Nikitin S.S., Kurenkov A.L. Magnitnaia stimuliatsiia v diagnostike i lechenii boleznei nervnoi sistemy: ruk. dlia
vrachei [Magnetic stimulation in diagnosing and treatment of the nervous system diseases: a guide for physicians].
M., SAShKO, 2003, 378 p. (In Russian)

14.0no A., Amano M., Okamura Y., Numazawa T., Ueyama K., Nishikawa S., Toh S. Muscle atrophy after treatment
with Halovest. Spine, 2005, vol. 30, no. 1, pp. E8-E12.

15. Kawchuk G.N., Edgecombe T.L., Wong A.Y., Cojocaru A., Prasad N. A non-randomized clinical trial to assess the
impact of nonrigid, inelastic corsets on spine function in low back pain participants and asymptomatic controls.
Spine J., 2015, vol. 15, no. 10, pp. 2222-2227. doi: 10.1016/j.spinee.2015.06.047.

Received: 07.02.2017

Information about the authors:

1. Vladislav B. Voitenkov, M.D., Ph.D., FSBHI Pediatric Scientific Clinical Centre of Infection Diseases of the RF Federal Medi-
cobiological Agency, St. Petershburg, Russia, acting Head of the Department of Functional and Radiation Diagnostic Methods;
Email: vlad203@inbox.ru

2. Aleksandr V. Min'kin, M.D., Ph.D., Group of Maltry Companies, St. Petersburg, Russia, Head of Medical Department; Email:
drminkin@mail.ru

3. Natal'ia V. Skripchenko, M.D., Ph.D., FSBHI Pediatric Scientific Clinical Centre of Infection Diseases of the RF Federal Medi-
cobiological Agency, St. Petersburg, Russia, Deputy Director for Science, Professor, Honored Worker of Sciences of the RF

4. Andrei V. Klimkin, M.D., Ph.D., FSBHI Pediatric Scientific Clinical Centre of Infection Diseases of the RF Federal Medicobio-
logical Agency, St. Petersburg, Russia, Department of Functional and Radiation Diagnostic Methods

5. Irina G. Samoilova, M.D., Ph.D., FSBHI Pediatric Scientific Clinical Centre of Infection Diseases of the RF Federal Medicobio-
logical Agency, St. Petersburg, Russia, Chief Doctor of the Clinic

6. Anastasiia I. Aksenova, M.D., FSBHI Pediatric Scientific Clinical Centre of Infection Diseases of the RF Federal Medicobiologi-
cal Agency, St. Petersburg, Russia, Department of Functional and Radiation Diagnostic Methods

7. Natal'ia S. Petrova, M.D., Head of Ltd. ORTO Scientific Methodological Medical Multidisciplinary Centre, St. Petersburg, Russia

8. Dar'ia A. Petrova, M.D., Ltd. ORTO Scientific Methodological Medical Multidisciplinary Centre, St. Petersburg, Russia

Original Article 171



	The effect of ORTO® thoracic lumbosacral orthosis on neurophysiological parameters, muscle strength and posture in children
	V.B. Voitenkov1, A.V. Minkin2, N.V. Skripchenko1, I.G. Samoilova1, A.V. Klimkin1, A.I. Aksenova1, N.S. Petrova3, D.A. Petrova3


