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ASSESSMENT OF NEUROMUSCULAR PERFORMANCE IN PEOPLE WITH
MILD BACK PAIN

POSUDZOVANIE NERVOVOSVALOVEJ VYKONNOSTI UD{ S MIERNYMI
BOLESTAMI CHRBTA

prof. Mgr. Erika Zemkova, Ph.D.

! Department of Biological and Medical Sciences, Faculty of Physical Education and
Sport, Comenius University in Bratislava, Slovakia
2Sports Technology Institute, Faculty of Electrical Engineering and Information
Technology, Slovak University of Technology in Bratislava, Slovakia

Abstract

This study complements our previously published papers that have described a variety
of methods assessing neuromuscular and sensorimotor functions in various population.
It includes balance tests under stable and unstable conditions, task-oriented balance test,
perturbation-based balance test, visually - triggered step initiation test and strength tests
of the back and hamstring muscles. These tests can be applied for assessment of an
actual level of strength, speed and balance performance in people with non-specific
mild, eventually also moderate back pain, in comparison with healthy subjects as well
as changes in these abilities during exercise programs.

Key words: maximal isometric strength tests of the back and hamstring muscles,
postural and core stability tests, visually - triggered step initiation test

Introduction

Recently, protocols consisting of tests assessing static and dynamic balance, core
stability and strength, and sensorimotor skills have been completed by measurements
of a maximum voluntary isometric contraction of the back muscles and hip extensors
(Zemkova et al., 2016b; Zemkova et al., 2017a; Zemkovd, 2018a; Zemkova et al.,
2021c¢). These methods have been used for assessment of neuromuscular performance in
individuals of different age and physical fitness.

This study presents tests that are currently used within the frame of our project focused
on testing of people with non-specific mild and moderate back pain, in some cases also
those with severe back pain. The test selection is based on duration and intensity of
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their back pain, which can take less than 6 weeks (acute), between 6 and 12 weeks
(sub-acute) or for more than 12 weeks (chronic). The level of subject’s pain is estimated
using the Numeric Rating Scale that consists of the mean of three assessments: current
low back pain (LBP), the worst LBP within the last 2 weeks, and the usual/mean LBP
within the last 2 weeks. The scale ranges from 0 to 10, with 0 being no pain at all and
10 being unbearable pain. Pain score 0 means no pain, 1 — 3 means mild pain level,
which does not interfere with most activities and is easy to manage both physically
and psychologically, 4 — 6 means uncomfortable pain level, which interferes with many
activities of daily living and requires changes to daily lifestyle to manage pain symptoms,
and 7 — 10 means severe pain level when people are no longer able to engage in normal
activities and seeking support from a caregiver, stronger medications, are in the market
for potential surgery, or are seeking less invasive surgical solutions like spinal cord
stimulation to help improve their ability to function independently.

Balance tests under stable and unstable conditions

Static posturography is used to assess postural stability under stable conditions.
Basic testing protocol requires subjects to stand barefoot on a force plate with their
arms relaxed comfortably at their sides (Figure 1 a) (Zemkova, Hamar, 2002). They
are instructed to stand in an upright posture with their feet abducted 10° and their heels
separated mediolaterally by a distance of 6 cm. Their eyes are focused on a spot on the
wall at their eye level. A series of two trials is conducted in random order under different
conditions with less or more demanding postural tasks. These include different surfaces
(firm, foam), stances (bipedal, unipedal), feet position (semi-tandem, tandem), knee and
hip angles (weight-bearing-leg: knee fully extended, knee flexed 10-20°; non-weight-
bearing leg: knee flexed 90°, hip flexed 0° or 45°), arms position (at the side, crossed over
the chest, fixed on the hips), visual inputs (eyes open, eyes fixed on a stationary target,
eyes closed), and so forth. Each test consists of two 30-second trials and the better result
is taken for the evaluation, unless it is specified otherwise (e.g., when testing people with
impaired postural control). Basic parameters of postural sway (mean CoP position in the
X- and Y-axis, mean CoP velocity, mean CoP acceleration, mean trace length of the CoP,
mean distance from the middle of the CoP, mean squared distance from the middle of the
CoP, and trace area of the CoP) are registered by using a FiTRO Sway Check (FiTRONIC
Bratislava, Slovakia). The force plate data is sampled at a frequency of 100 Hz.

Dynamic posturography is used for assessment of postural stability under unstable
conditions. External perturbations can be induced from a platform either shifting in
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antero-posterior and medio-lateral direction or tilting the toes up and down. Various
protocols, based on varied determinants of plate translation, such as the direction
(forward, backward, left-lateral, and right-lateral), displacement (from 1 cm to 14 cm),
and velocity (5 cm.s, 10 cm.s!, 15 cm.s™!, and 20 cm.s™), can be designed (Zemkova
et al., 2016¢). A significant interaction effect for peak CoP displacement, direction by
velocity and direction by acceleration, indicates that the composition of stimuli strongly
influences compensatory responses and this effect is more pronounced in sedentary than
in physically active young adults (Zemkova et al., 2017b).

Concurrently with measurement of dynamic balance, trunk movement representing
roughly the center of mass (CoM) movement can also be monitored using the FITRO Dyne
Premium (FiTRONIC, Bratislava, Slovakia). Although most of dynamic posturography
systems have been employed for clinical examination of patients with balance disorders,
these mostly laboratory tests cannot fulfill the needs for assessment of postural stability
under field conditions. The practice implies that computerized portable devices that are
more applicable to routine testing in the field are preferred over laboratory techniques.

Alternatively, a stance on a spring-supported platform can be used for assessing the postural
stability under dynamic conditions (Figure 1 b) (Zemkové et al., 2015; Zemkova et al., 2018).
The device consists of a triangular plate supported by 3 springs with a coefficient of elasticity
of 30 N.mm. Shifting the CoM in the horizontal plane leads to changes of body weight
distribution to the 3 corners of the platform. The force acting in each corner is calculated as
a product of the coefficient of elasticity of the spring used and the vertical distance measured
by means of a fine sensor. The analog signals are AD-converted and sampled by computer at
the rate of 100 Hz. Calculations of an instant CoP position is based on force distribution to
the 3 corners of the platform. From instant values of CoP position, a stabilographic curve is
constructed. From such a curve, variables of postural sway are calculated and registered by
using the FiTRO Sway Check (FiITRONIC, Bratislava, Slovakia).

Simultaneously, the CoM movement can be measured using the Gyko inertial sensor
system (Microgate, Bolzano, Italy) placed on the trunk (Figure 1 a, b). The Gyko system
consists of 3D accelerometer for measurement of linear accelerations to which the device
is subjected, 3D gyroscope for measurement of angular velocities of the device, and 3D
magnetometer for measurement of a magnetic field to which the device is subjected.
It provides data measurements up to 1000 times per second (1 kHz) which guarantee
their high temporal resolution. On the basis of these data, specific software algorithms
describe the kinematics of the analysed body segment. It determines three main measures
of body sway: sway length and area, sway travel speed, and sway frequency.
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Figure 1 Balance tests performed under (a) stable and (b) unstable conditions

Perturbation-based balance test

Another alternative represents external perturbations applied directly to the body by
pushing/pulling the trunk, the shoulders or pelvis. The trunk repositioning tasks require
a subject to actively or passively return to a neutral spine position following a predefined
displacement. Load release tasks require the subject to perform an isometric trunk
contraction at a predefined intensity against an external load, which is subsequently
released, and the displacement of the trunk is quantified (Zemkova et al., 2016e). The
voluntary surface electromyography can be recorded from the core musculature to
examine the on—off activation of muscles following release.

Subjects stand barefoot on a force plate with their arms held horizontally forward,
a shoulder width apart (Figure 2). They are required to hold a bar in their hands with
a 2 kg load fixed to the bar. Alternatively, a lighter weight (1 kg) can be used for
sedentary people and those suffering from back pain (Zemkové et al., 2021a). A signal
from the computer triggers a random release of the load over a 5-s period following the
initiation of the test, thus the subject receives no cues as to when the perturbation would
occur. The release of the load produces a sudden change in the external forces acting on
the subject, leading to a small anterior and then a larger posterior displacement of the
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subject’s CoP. The perturbation after the load fall causes only a postural sway response,
i.e. the subject does not need to take a step to maintain balance. The perturbation is
quantified by the maximal anterior and posterior displacement, within one second after
the load drop. The recording ends 2-3 seconds after the load-drop. A series of three trials
is conducted in random order under varied conditions while the best result is selected for
evaluation. Peak anterior CoP displacement, the time to peak anterior CoP displacement,
peak posterior CoP displacement, the time to peak posterior CoP displacement, total
anterior to posterior CoP displacement, and the time from peak anterior to peak posterior
CoP displacement are registered by using the FITRO Sway Check, completed with
a special program for Load Release Balance Test (EiTRONIC, Bratislava, Slovakia). The

force plate data is sampled at a frequency of 100 Hz.

In addition, a measurement of the spinal curvature using a Spinal Mouse (Idiag,
Fehraltdorf, Switzerland) can be added. Our recent study indicated that lumbar muscle
fatigue causes changes in the lumbar spinal curvature and this is functionally relevant in
explaining the impaired ability to maintain balance after externally induced perturbations
(Zemkova et al., 2021b). This emphasizes the importance for assessing both spinal
posture and reactive balance control under fatigue in order to reveal their interrelations
in young sedentary adults and predict any significant deterioration in later years.

Figure 2 Perturbation-based balance test
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