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Abstract: A comprehensive assessment of trunk function, including the lumbar extensor muscles,
appears to be important in various conditions affecting axial musculature. This pilot cross-sectional
observational study aimed to define a battery of tests that comprehensively assess trunk muscle
function (strength and muscular endurance). Sixty subjects without low back pain (LBP) underwent
measurement of isometric lower back extensor strength using a hand-held dynamometer (HHD) in
three positions; measurement of respiratory muscle strength; and Biering-Serensen, prone-plank,
and side-bridge tests. The repeatability, short-term and long-term reliability using the HHD device
in different postural positions was confirmed. The greatest isometric lower back extensor strength
was generated in the sitting position by male subjects. Time of effort in the Biering-Serensen test was
longer in women and older subgroups than in men and younger individuals, although this was not
the case for the other two muscular endurance tests. This pilot monitoring of trunk muscle strength
and endurance in healthy volunteers may lead to a better understanding of trunk muscle function.
Based on this methodological background, the authors aim to use the defined battery of tests in
their further studies in a group of patients with LBP and certain neuromuscular diseases to verify its
usefulness in clinical practice.

Keywords: paraspinal muscles; muscle strength; muscular endurance; function tests; low back pain;
neuromuscular diseases

1. Introduction

The lumbar extensor muscles, specifically the lumbar paraspinal muscles, comprise
two main groups: the transversospinalis group, including the multifidus muscle, and
more laterally, the erector spinae muscles, which consist of the longissimus and iliocostalis
muscles [1,2]. Trunk stability is maintained by the deep spinal (core) stabilization system,
including the lumbar paraspinal muscles, diaphragm, abdominal muscles, and pelvic
floor. The lumbar extensor muscular system, more precisely the lumbar multifidus muscle
and the erector spinae muscle, plays an essential role in stabilizing the lumbar spine
and initiating and controlling all movements in the lumbar vertebral column [3,4]. By
controlling these movements, the lumbar extensors also stabilize and protect the underlying
osteoligamentous spinal structures from potentially harmful stresses that might otherwise
be experienced as a result of movements made beyond their optimal functional range
and/or over protracted periods [5]. There is evidence of an association between decreased
strength, muscular endurance, atrophy, and excessive fatigability of the lumbar extensors,
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and chronic non-specific low back pain [6—12]. Prospective studies also suggest lumbar
extensor deconditioning may be a common risk factor predicting acute low back injury
and low back pain (LBP) [11,12].

A gold standard for appropriate quantitative methods of evaluating trunk function
(defined as trunk or core stability, including the coordination, strength, and muscular
endurance of trunk muscles) has yet to be determined [13,14]. However, such an exhaustive
assessment appears to be important not only in patients with LBP, but also in patients
with certain neuromuscular diseases (NMDs) in which the axial musculature is affected
(e.g., axial myopathies, amyotrophic lateral sclerosis, spinal muscular atrophy) [15]. A
comprehensive evaluation of trunk function may well be of value in following the patterns
of disease progression over time, assisting in selecting appropriate rehabilitation techniques
and exercises, and in monitoring the effects of treatment.

Many fields and laboratory protocols have been employed to assess trunk muscle
strength and muscular endurance in sports, fitness, clinical, and research settings [16].
Isokinetic dynamometry has been widely used to measure trunk-muscle strength in light
of its high validity, reliability, and capacity to measure different muscle groups while con-
trolling contraction type, angular velocity, range of motion, body position, and the number
of repetitions and sets [16]. However, high costs, the need for considerable user expertise,
and protracted testing time together constitute drawbacks of this approach [17]. In contrast,
field tests are easy to perform, do not require extensive and expensive equipment, and
allow large numbers of people to be evaluated in a short period [16]. Recently, the use of a
hand-held dynamometer (HHD) has been described in the literature for the assessment of
lower back extensor strength. This alternative method appears to have great potential, and
is quick, inexpensive, and reliable [15,17,18]. However, using an HHD to assess isometric
lower back extensor strength has not yet been standardized.

This study aimed to create a battery of simple tests that would examine trunk function
(strength and muscular endurance) comprehensively, with a special focus on lumbar exten-
sor muscles, to unify the methodology of the tests selected, to confirm the reliability and
validity of dynamometric protocols, and to monitor differences in performance between
sex and age subgroups in healthy volunteers without chronic LBP in current socioeconomic
conditions.

2. Materials and Methods

The study was prospective and observational, using test-retest reliability and vali-
dation. The local institutional medical research Ethical Committee approved the study
protocol (number of the agreement 22-100620/EK), and written and informed consent was
obtained from all participants.

2.1. Participants

All participants were employees of the University Hospital, including medical doc-
tors, physiotherapists, and nurses. Each subject was interviewed and examined by an
experienced neurologist. Exclusion criteria were as follows: age < 18 years, acute low
back pain, non-specific chronic low back pain (of duration over 12 weeks) in the medical
history, presence of lumbosacral radicular pain in the medical record with residual signs of
nerve root dysfunction (sensory impairment and/or absent or diminished reflexes and/or
weakness) in clinical neurological examination and manual muscle testing of the lower
extremities, previous surgery of the lumbar spine, vertebral fracture, spine infection or
tumor, presence of myopathy, comorbid conditions affecting the overall mobility of the
patient (e.g., post-stroke paresis, heart failure leading to limited mobility), and confirmed
pregnancy.

2.2. Procedures and Evaluation

HHD measured maximum isometric lower back extensor strength in three positions:
prone, sitting, and standing. As respiratory muscles are also a very important component
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of the core trunk system, maximal strength of inspiratory muscles (maximum inspiratory
pressure, MIP) and maximal strength of expiratory muscles (maximum expiratory pressure,
MEP) were measured using an electronic pressure gauge. Muscular endurance of the trunk
muscles was assessed using the Biering-Serensen test for trunk extensors, by prone-plank
test for abdominal core muscles, and by side-bridge test (on both sides) for lateral core
muscles.

The examiner administered the short form of the International Physical Activity
Questionnaire (IPAQ) to quantify the everyday physical activity of each participant. An
experienced physiotherapist recorded all measurements.

The repeatability (test-retest reliability) of measurements obtained by HHD, performed
in close succession at the first visit, was assessed in all 60 participants. HHD measurements’
short-term and long-term test-retest reliability was evaluated through data from the first
visit and the retest visit, which took place either an hour later or two weeks later (details
appear below). Any correlation between isometric back extensor strength and respiratory
muscle strength of the whole study group was investigated to assess the construct validity
of the dynamometry protocol. Mutual correlations between outcomes of all tests in all
volunteers were calculated. Further on, the values derived from each test were also
analyzed with respect to age and sex to monitor the distribution of data.

2.3. Dynamometry Protocol

A hand-held MicroFET 2 (Hoggan Scientific, LLC.) dynamometer was used to measure
maximal isometric lower back extensor strength. The measurement range of the device
is 0-300 Ibs force /660 Newtons/135 kg. The test was performed in three positions, each
following the methodology used in previous studies [17-19].

First, the participant lay on the table in a prone position with legs fixed to the table
by a non-elastic belt just above the ankles. The examiner stood next to them, resting their
hands with the portable dynamometer on the participant’s 7th thoracic vertebra. The
participant was asked to raise the upper body against the examiner’s resistance, keeping
the arms at the sides of the trunk (Figure 1a). The maximal isometric lower back extensor
strength in the prone position was recorded.

Next, the participant was seated on a purpose-designed chair that prevented the feet
from reaching the floor. Each participant was asked to sit up straight, and the pelvis was
bound by a non-elastic belt to the chair, 1 cm below the anterior superior iliac spine so
that the pelvis was fixed and could not be moved throughout the test. The participant
was then asked to cross their arms over the chest and bend forward so that the portable
dynamometer could be placed at the level of the 7th thoracic vertebra. After that, the
participant was asked to push back as hard as possible (Figure 1b). The maximal isometric
lower back extensor strength in the sitting position was recorded.

The participant was then asked to stand back against a wall between two vertical
anchor rails. Both feet were placed on the floor, heels together, touching the wall. The
pelvis was fixed to the wall by a non-elastic belt looped through the anchor rails and tracing
a line 1 cm below the anterior superior iliac spine so that the pelvis was fixed tight and
could not be moved throughout the test. The participant was asked to cross their arms over
the chest and bend forward so that the portable dynamometer could be placed at the level
of the 7th thoracic vertebra. After that, the participant was asked to push back as hard as
possible (Figure 1c). The maximal isometric lower back extensor strength in a standing
position was recorded.

In each position, the participant had six attempts, with 20 s between them to rest. The
result of every attempt was recorded to clarify the repeatability of the testing procedures
in all 60 participants. To demonstrate the short-term and long-term test-retest reliability
of the strength-testing procedures using HHD, participants who agreed to be retested
(49 participants) were randomly divided into two groups by drawing a ticket. One group
was asked to come back after an hour for retest of maximal isometric lower back extensor
strength (24 participants) and the other group in two weeks (25 participants).
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Figure 1. Measurement of maximal isometric lower back extensor strength using HHD (a) in the
prone position (b) in the sitting position and (c) in the standing position.

2.4. Maximal Inspiratory and Expiratory Pressure Protocol

A microRPM (Micro Medical, Kent, UK) electronic pressure gauge was employed
to measure MIP and MEP. The participant was asked to sit straight, and a nose clip was
put in place. For measurement of MIP, the participant was asked to exhale completely.
The mouthpiece was then inserted, and the subject asked to suck in as hard as possible
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for at least 1.5 s. The highest negative pressure was recorded in centimeters of the water
column (cmH,0). For the measurement of MEP, the participant was asked to inhale com-
pletely and to blow into the mouthpiece as hard as possible for at least 1.5 s. The most
significant positive pressure was recorded in centimeters of the water column (cmH,O).
Each measurement (MIP and MEP) was repeated five times in succession, with resting
periods of one minute between attempts. Compensatory trunk flexion or extension was
not permitted during either of the tests. Both protocols, measuring MIP and MEP, followed
a methodology published previously [14].

2.5. Biering-Serensen Protocol

The protocol followed a previously established methodology [14]. The participant
was asked to lie in a prone position over the edge of the table, set at the anterior superior
iliac spine level. The examiner leaned over the participant to stabilize the lower limbs and
pelvis at the ankles and lower calves. The participant was then asked to cross the arms
over the chest, then raise the upper part of the body (head, chest, and trunk) so that the
trunk was straight. A stopwatch was used to record time between the beginning (raising of
the trunk) to the end of the test when the participant was becoming tired, when the trunk
was lowering from the horizontal position, or when the arms were stretched over a chair in
front of the table. The effort time was recorded in seconds.

2.6. Prone-Plank Test and Side-Bridge Test Protocol

At the beginning of the prone-plank test, the participant was asked to lie down in
a prone position on a firm mat. The task was to lift the body weight onto the toes and
forearms with elbows under shoulders, scapulae adducted, hips at the same level as the
spine. For the side-bridge test, the participant was asked to lie on one side on the same
firm mat. The legs were to be extended, the lower forearm with the elbow flexed to 90°,
the upper arm crossed over the chest. The participant was asked to raise the hips off the
mat, holding the position in a horizontal line with the body on a flexed elbow, which was
immediately under the shoulder. The test was performed on both sides. During the two
tests, prone-plank and side-bridge, the participant was given feedback from the examiner
with respect to posture. The test ended when fatigue was evident, and the participant
could no longer maintain the correct position. The time taken by the effort was recorded
by stopwatch in seconds. Both protocols, prone-plank test and side-bridge test, followed
previously established methodology [14].

2.7. International Physical Activity Questionnaire

The short form of the IPAQ consisted of three items assessing levels of physical
activity and one regarding the amount of time spent in a sitting position. The examiner
administered all questionnaire items using a language validated version in the mother
tongue of participants so that each participant could understand them equally and answer
truthfully [20]. Each question was to be answered in terms of the frequency of activity
per week and time spent in activity in one session. These data were used to calculate
an outcome, expressed as overall MET-min per week (METs are multiples of the resting
metabolic rate) and as one of three levels of physical activity: 1—Low, 2—Moderate, and
3—High [21].

2.8. Statistical Analysis

Standard descriptive statistics were applied in the analysis. Continuous variables were
described by mean and standard deviation. Categorical variables were characterized by
absolute and relative frequencies. The normality of data was checked and all the variables
followed the normal distribution. Repeatability, short-term, and long-term test-retest
reliability of tests assessing maximal isometric back extensor strength was examined by
means of the intra-class correlation coefficient (ICC) derived from a two-way random
model with single measures and absolute agreement using R-package IRR for intra-rater
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reliability. The statistical significance of the differences between measurements at different
visits was analyzed by means of the paired t-test. All statistical tests used herein are suitable
tools for evaluating a group of this size. Correlations between particular strength and
muscular endurance tests were computed using Spearman’s correlation coefficient (rs)
and its corresponding p-value. By convention, an rs value higher than 0.80 indicated a
robust correlation, an rs value between 0.60 and 0.79 a strong correlation, an rs between
0.40 and 0.59 a moderate correlation, between 0.20 and 0.39 a weak correlation, and an s
below 0.19 meant a very weak correlation [22]. The two-way ANOVA tested differences
in performance between sex and age subgroups with posthoc analysis, a test specified to
analyze a group of this size. The analysis was performed in R Statistical Software version
3.6.3 (R Core Team 2020) in RStudio (RStudio Team 2020).

3. Results
3.1. Study Subjects

Sixty volunteers (30 male, 30 female) were enrolled in the study with a median age
of 35 years. It may be assumed that outcomes recorded should depend on age and sex.
Categories were therefore created with respect to age: 18-29 years, 30-49 years, >50 years,
each for male and female (altogether six categories). The categories appear in detail in
Table 1.

Table 1. Characteristics of subjects in all subgroups.

Variable Sex Total 18-29 Years 30-49 Years >50 Years
Sex (1) Male 30 10 15 5
ex Female 30 10 15 5
Age (years) Male 358 +11.7 269 + 1.4 344 +37 57.6 +11.5
gely Female 384 +11.1 26.6+ 1.4 4024 4.6 56.6 + 6.4
Height (cm) Male 1829 4 8.3 1838 +7.2 183.0 + 85 180.8 + 10.9
& Female 167.7 + 6.3 170.4 + 5.8 166.4 + 63 166.0 + 6.5
Weight (ke) Male 81.9 + 8.8 82.0 + 8.0 82.8 +10.1 79.0 + 6.8
ght (kg Female 62.2 4 6.8 61.1+ 5.7 62.3 4+ 7.4 64.0 + 8.2
Male 245 + 2.4 244428 247 + 2.6 242+ 14
2
BMI (kg/m”) Female 221420 210+ 15 225422 232 +17
. . ) Male 0(0) 0(0) 0(0) 0(0)
Primary education (n (%)) .21 1(3.3) 0 (0) 0(0) 1(20.0)
. . s Mal 1(3.3 1(10.0 0(0 0(0
Education  Secondary education (n (%)) 10 233.)3) 1 510.03 7 (4(6.)7) 2 (4(0.)0)
. . . Male 29 (96.7) 9 (90.0) 15 (100.0) 5 (100.0)
Tertiary education (n (%)) g, o 19 (63.3) 9.(90.0) 8 (53.3) 2 (40.0)

Data are expressed as mean =+ standard deviation. n: number of individuals; BMI: body mass index; (%) percentage of individuals from a
certain category men/women; Primary education: graduated from elementary school; Secondary education: graduated from secondary
school with state exam; Tertiary education: graduated from university.

3.2. Maximal Isometric Lower Back Extensor Strength

Table 2 shows the values obtained for maximal isometric lower back extensor strength
(from the 2nd to the 5th attempt) in all three postural positions measured in the first session
for all subjects and for individual categories. The highest values of maximal isometric lower
back extensor strength were measured in a sitting position, followed by values measured
standing. The lowest values were measured in the prone position.

A significant difference in the values measured appeared between the 1st and 2nd
attempts made by men >50 years (data not shown). To avoid any potential distortion aris-
ing out of the learning effect or fatigue (even though neither of these were demonstrated),
values measured at the first and the last attempts in all measurements were excluded.
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Subsequently, the means of values measured from the 2nd to 5th attempts were used for
calculation.

Table 2. Maximal isometric lower back extensor strength: results.

Variable Sex Total 18-29 Years 30-49 Years >50 Years p-Value Age  p-Value Sex
Male 25750 285+ 4.1 256+39 20560
Prone position T~ Female ~ 24.4 4 5.6 26.1+5.8 248455 202435 0.002 0.319
Post-hoc test (age) b b a
Male  80.0+£180  789+231  834+158  721+125
. . oy -[-
Sitting position * ponale  559+£178 6224183 5704162 399 + 140 0.066 <0.001
Male 620+139  619+134 6464152 546490
. o e +
Standingposiion ™ popale 4314126 4794122 4314116 333 +130 0.074 <0.001

Data are expressed as mean =+ standard deviation. Post-hoc tests: a, b—same letters marking values of categories within given row denote
mutually statistically not different groups. ¥ Maximal isometric lower back extensor strength (calculated from the mean value of the 2nd to
5th attempts), results expressed in kilograms.

The consistency of the data, expressed as the repeatability of measurements in one
session, was excellent (ICC 0.975-0.996) for all six successive attempts and the 2nd to 5th
attempts in all three postural positions (Table 3).

Table 3. Maximal isometric lower back extensor strength: repeatability.

Characteristics All Attempts * 2nd-5th Attempt
Number of participants " 60 60
evaluated

Prone position 1CC (95% CI) 0.978 (0.968-0.986) 0.975 (0.963-0.984)
P p-value <0.001 <0.001

Sittine bosition ICC (95% CI) 0.995 (0.992-0.997) 0.995 (0.992-0.997)
&P p-value <0.001 <0.001

Standine oosition ICC (95% CT) 0.996 (0.994-0.997) 0.996 (0.994-0.997)
&P p-value <0.001 <0.001

n: number of individuals; ICC: intraclass correlation coefficient; CI: confidence interval. t repeatability of measurements at the first visit for
all 6 attempts. ™ repeatability of measurements at the first visit for the 2nd to 5th attempts.

Both short-term and long-term test-retest reliability emerged as excellent in all three
techniques measuring maximal isometric lower back extensor strength: ICC varied from
0.937 t0 0.992 (Table 4). The difference between values measured at the first and the second
visit was not clinically significant.

The strength of lower back extensors was significantly lower in the age category
>50 years in the prone position. The same tendency was evident in the standing and
sitting positions. However, the difference was not statistically significant. The lower back
extensor strength in sitting and standing positions was significantly higher in men than in
women (Table 2).

3.3. Maximum Inspiratory and Expiratory Pressure

Results appear in Table 5. In certain groups, significant differences in values measured
between the 1st and the 2nd attempts and between the 4th and the 5th attempts emerged
(data not shown). The mean of the values measured at the 2nd to 4th attempt was, therefore,
calculated. In the course of measurements of maximum inspiratory pressure, men were
able to attain on average 91.0% and women 95.8% of the predicted value. For the maximum
expiratory pressure, men reached an average at 70.9% and women 81.3% of the expected
value. There was a statistically significant difference in absolute values measured in men
and women, where men reached higher maximum inspiratory and expiratory pressure
than women. There was no significant difference seen between age subgroups in either
MIP or MEP.
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Table 4. Maximal isometric lower back extensor strength: short-term and long-term test-retest reliability.
Characteristics Short-Term * Long-Term **
Number of participants evaluated n 24 25
ICC (95% CI) 0.992 (0.982-0.997) 0.937 (0.717-0.979)
Prone position p-value (ICC) <0.001 <0.001
P Mean =+ SD 1t 0.0 +0.7 -11+£13
p-value (t-test) TF 0.855 <0.001
ICC (95% CI) 0.990 (0.977-0.996) 0.990 (0.978-0.996)
Sittine position p-value (ICC) <0.001 <0.001
8P Mean + SD 't 0.5+ 3.0 —07£29
p-value (t-test) TF 0.388 0.232
ICC (95% CI) 0.991 (0.981-0.996) 0.984 (0.962-0.993)
Standing position p-value (ICC) <0.001 <0.001
8P Mean + SD —04+23 ~1.0+24
p-value (t-test) T 0.369 0.047

n: number of individuals; ICC: intraclass correlation coefficient; CI: confidence interval; SD: standard deviation. T short-term repeatability
of measurements assessed at the first visit and after an hour. ' long-term repeatability of measurements assessed at the first visit and after
two weeks. "' difference between values of isometric lower back extensor strength measured at the first and the second visit, expressed in

kilograms.
Table 5. Respiratory muscle strength: results.
Variable Total 18-29 Years 30-49 Years >50 Years p-Value Age  p-Value Sex
112.4 £ 19.7 115.8 £ 10.9 112.7 £19.2 104.9 £+ 34.0
+
MIP (cmH,0) 8214222 7504234 8494202  87.8+267 0.849 <0.001
MIP (percentage of 91.0 £15.1 93.4 + 8.8 90.9 £+ 15.5 86.8 +24.7 0.573 0393
predicted value) * 95.8 £ 25.8 86.2 £ 269 97.6 £ 23.2 109.5 &+ 28.4 ’ ’
164.3 + 30.3 157.0 £ 31.7 166.9 + 27.8 170.9 £+ 38.1
+
MEP (emH,0) 12284306 11574195 12664283 1257 + 544 0.439 <0.001
MEP (percentage of 709 £12.5 67.4 £13.6 71.6 £11.9 76.0 £ 12.5 0314 0.020
predicted value) 81.3 £20.3 76.1 £12.8 83.3 £18.6 86.0 £ 36.1 : ’

Data are expressed as mean =+ standard deviation. MIP: maximum inspiratory pressure; MEP: maximum expiratory pressure. + respiratory
muscle strength calculated from the mean value of the 2nd to 4th attempts.

3.4. Muscular Endurance of Trunk Muscles

Outcomes of trunk muscular endurance tests appear in Table 6. The median holding
time in the Biering-Serensen test was greater in women than in men. Subjects under
30 years of age expended significantly less effort than older subjects. The mean time of
effort in the prone-plank test was greater in men than in women, although it did not
reach statistical significance. No significant difference in time of effort in the prone-plank
test appeared among age categories. No significant difference between sexes and age
sub-groups could be observed in the mean time effort in the side-bridge test on the left side.
However, a distinction was evident between age groups in outcomes for the side-bridge
test on the right side, where the age group > 50 years returned the lowest time of effort.

3.5. Physical Activity

The values of physical activity performed per week by the study group appear in
Table 7. Most of the volunteers (75%) undertook a moderate level of physical activity, with
only a few individuals scoring high (17%) or low (8%) levels. The median time spent sitting
was six hours a day.
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Table 6. Trunk muscular endurance tests: results.

Variable Sex Total 18-29 Years 30-49 Years >50 Years p-Value Age  p-Value Sex
Biering-Serensen test Male 149.7 £41.3 118.6 + 18.5 166.7 £42.7 160.8 £+ 39.5
E(;time (s)) Female 179.8 +61.5 152.7 +£30.4 190.3 £ 67.7 202.4 =799 <0.001 0.025
Post-hoc test (age) a b
Prone-plank test (time ~ Male 165.0 = 59.3 163.6 + 56.6 1655 £ 64.4 166.2 + 61.2 0.971 0.101
(s)) Female 141.0 £+ 50.0 1374+ 194 142.8 £ 61.2 142.6 + 64.0 ) ’
Side-bridee test—right Male 77.7 + 254 79.3 +£28.4 795+ 222 69.2 +32.4
R %’te.mes ( ))“g Female 7494283  80.1+£246  81.8+273  44.0+206 0.037 0.676
siqe {ume (S Post-hoc test (age) ab a
Side-bridge test—left Male 75.3 £26.5 792 +279 75.3 +22.7 67.4 +37.9 0.120 0.822
side (time (s)) Female 73.6 £32.5 79.7 £24.6 78.5 + 37.0 46.6 +£20.9 ’ :

Data are expressed as mean =+ standard deviation. Post-hoc tests: a, b—same letters marking values of categories within given row denote

mutually statistically not different groups.

Table 7. International Physical Activity Questionnaire, short form: results.

Variable Sex Total 18-29 Years 30-49 Years >50 Years
. Male 1(3.3) 0(0) 0(0) 1 (20.0)
1. Low (n (%)) Female 4(13.3) 1 (10.0) 2(13.3) 1 (20.0)
Level of physical 2 Moderate [n (% Male 23 (76.7) 9 (90.0) 12 (80.0) 2 (40.0)
activity [ )] Female 22 (73.3) 8 (80.0) 12 (80.0) 2 (40.0)
. . Male 6 (20.0) 1 (10.0) 3(20.0) 2 (40.0)
3. High [ (%)] Female 4(13.3) 1(10.0) 1(6.7) 2 (40.0)
MET (minutes per week) Male  2446.6 + 13963 2108.3 +1080.4 2461.0 + 11562  3080.2 & 2457.8
P Female 21531415221 1610.1 =1020.8 2183.8 = 1073.9  3147.0 & 2905.2
Hours spent sitting (per day) Male 76+32 83427 8.0+ 3.2 49434
P & per day Female 57426 74426 47422 51421

Data are expressed as mean =+ standard deviation. #: number of individuals, (%) percentage of individuals from certain category

men/women; MET: multiple of resting metabolic rate.

3.6. Correlations between Tests

A statistically significant correlation between lower back extensor strength measured
in prone, sitting, and standing positions was disclosed (Figure 2). However, the correla-
tion was strongest between values measured in sitting and standing positions (rs = 0.83,
p <0.001). A strong correlation between maximum inspiratory pressure and maximum
expiratory pressure (rs = 0.78, p < 0.001) was also evident. Spearman’s correlation coef-
ficients evaluating the relation between inspiratory and expiratory muscle strength and
lower back extensor strength measured in sitting and standing positions reached 0.49-0.51
(p < 0.001). A robust and significant correlation was found between outcomes obtained in
side-bridge tests performed on the left and right sides (rs = 0.86, p < 0.001). The results of the
Biering-Serensen test revealed a moderate correlation with the results of the prone-plank
test (rs = 0.41, p = 0.01). Correlations between outcomes of strength testing procedures and
muscular endurance tests were weak or absent. No element of strength and endurance
performance correlated significantly with either the level of physical activity or with hours
spent per day in a sitting position.
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-0.05 0.12 -0.12

Biering-Sarensen test -0.16 -0.04 006. 0.41 020 0.27 -0.22 0.02

'
..-004 0.26 046 035 050 051

Prone position -040 0.41 -0.16 -0.05 0.31 0.29 0.18 0.19

0.06 027 034 031 0.51 049

o

032 0.25 0.15
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0214 0.13 [0:22

Sitting positionT

0.12 0.03 0.09

Figure 2. Correlation between strength testing procedures, muscular endurance tests, and IPAQ. Significance of correlations
is expressed through asterisks at levels as follows: * p < 0.05, ** p < 0.01, and *** p < 0.001. * Maximal isometric lower back

extensor strength in different positions.

4. Discussion

This study has defined a battery of simple tests that are easy to perform in everyday
practice and provide a comprehensive overview of essential components of trunk function
(strength and muscular endurance). Strength-testing procedures included measurement of
isometric lower back extensor strength using HHD and measurement of respiratory muscle
strength. Muscular endurance of the trunk muscles was evaluated by the Biering-Serensen,
prone-plank, and side-bridge tests.

Isokinetic dynamometry is often referred to as the “gold standard” for the measure-
ment of trunk muscle strength [12,15,16,18]. A certain number of studies have already been
devoted to finding an alternative, practical, cheaper, and more user-friendly clinical tool
that might provide reliable information about back extensor strength using HHD. Similar
to the current study, the above studies established excellent validity and reliability for the
new method [17-19]. The present study confirmed the repeatability and the short-term
and long-term test-retest reliability of techniques measuring maximal isometric lower back
extensor strength by HHD as excellent in all three positions. Unifying the methodology
of the three existing protocols [17-19] and proving the repeatability of measurements
using one dynamometer device allows us to compare obtained data measured in different
postural positions and to discuss which of the positions is the most reasonable to use in
terms of the biomechanics of the motion and in terms of usefulness in everyday practice.

The highest values of isometric lower back extensor strength were measured in the
sitting position, followed by those measured standing, while the lowest values were
measured in the prone position. No other studies have compared lower back extensor
strength in different postural positions. Some studies have suggested that it is reasonable
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to use pelvic fixation [12] and, at the same time, a semi-sitting position with a hip flexion
angle of 40-60°, since this position appears to increase the specificity of back extensor
action (contraction) and reduce hip extensor activity [12,23]. In sitting and standing
positions, this study employed pelvic fixation to specify the movement of the back extensor
muscles, as suggested above [17,18,23]. However, the current study did not reach the semi-
sitting position (40-60°); it prioritized simplicity, requiring less time- and space-consuming
procedures; creating a chair that could achieve the necessary angles for every subject would
have added to study difficulty.

On the other hand, the chair deployed herein provided similar circumstances for
all patients and measurements. The contraction of lumbar extensors in this position still
appeared to be the strongest out of all three positions. The anchor rails required for
measurements in the standing position are even cheaper than the specially designed chair
and less space-consuming. However, they are not easy to move, so the measures always
need to be taken in the same room. The technique for the prone position requires no special
equipment (except the HHD itself).

While using an HHD, it may be difficult for the assessor to provide a counter-pressure
that corresponds to the effort exerted by the patient, especially when measuring larger
muscle groups [24]. This raises a question regarding the assessment of isometric lower back
extensor strength using an HHD in the prone position, as the maximal strength of the exam-
iner may limit it, and a ceiling effect may occur when testing strong individuals [15,19,20].
Valentine et al. suggest an alternative technique for prone position measurement, using a
tripod fixed by a non-elastic belt to the table and the patient. The portable dynamometer
is held between these [19]. External fixation can reduce measurement errors compared
to assessments in which the assessor fixes the HHD manually. The Valentine et al. study
results showed that, when using an HHD to assess lower back extensor strength, an HHD
fixed with a tripod was superior to one that was manually set [19].

On the other hand, an ICC of >0.90 is required for clinical application to ensure valid
interpretation of any findings [25]; this study achieved this figure from the prone position
without using tripod fixation. However, it must be borne in mind that movement in the
prone position alone does not comply with the biomechanics of everyday life for most
people. It may be anticipated that this movement could lead to discomfort in patients with
low back pain and older people. Some of the studies even point out that several of their
patients, those with hyperkyphosis due to osteoporotic fractures, were unable to perform
the task [19].

The outcomes herein indicated that isometric lower back extensor strength in the prone
position was mainly dependent on age (decreasing with advancing age). However, the
isometric back extensor strength in sitting and standing positions seemed to be dependent
not only on age, but predominantly on sex and weight; in the study population, weight was
related to sex (data are not displayed); however, it can be assumed that the same pattern
may also be seen in other populations of volunteers/patients. This finding accords with
observations made by other authors [16], in which males exhibited higher extensor strength
than females. Some authors explain this finding in terms of more excellent anthropometric
dimensions and more elevated experience of maximum effort in men, which may allow
them to achieve higher forces [16,26]. Mannion et al. posit that absolute muscle strength is
determined by the quantity of force-generating elements and their geometry, so the strength
of a muscle is mainly determined by its overall cross-sectional area [4]. The difference
in maximum strength between the sexes may thus be simply associated with the gross
muscle-size differences between men and women, a factor present in almost all skeletal
muscles.

The current study disclosed a robust and significant correlation between strength-
testing results using HHD from the sitting and standing positions. Respiratory muscle
strength proved a significant moderate correlation with isometric back extensor strength in
sitting and standing positions, which could confirm validity for the technique measuring
the lower back extensor muscle strength in sitting and standing positions using HHD.
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However, outcomes obtained from the prone position did not correlate strongly with those
obtained from the other two positions. This did not hold for the technique performed in
the prone position since the results did not correlate with respiratory muscle strength at all.
These findings suggest to other working groups, who aim to assess lower back extensor
strength using HHD in their practice, that one of the positions may be chosen to assess
lower back extensor strength, preferably in a sitting or standing position, depending on the
availability of equipment. In further works, the authors aim to use all these tests to observe
the performance of patients with LBP and NMD; how do these results correlate and how
do they differ from healthy volunteers. Only then will it be possible to exclude tests that
seem to be redundant for clinical practice.

Respiratory muscles are an essential component of the core system. The strong
correlation between maximal inspiratory pressure and maximal expiratory pressure that
appeared in the results herein may support the validity of the techniques chosen for
measuring respiratory muscle strength. In this study group, even though the volunteers
tested were healthy, the overall strength of respiratory muscles in different subgroups did
not exceed 100% of the predicted value. This may arise from the strict norms chosen, as they
respect sex and age and find widespread application in this specialty [27]. In light of the
fact that even asymptomatic people fail to reach predicted values, Caruso et al. presented
a study that employed lower limits for the norms of respiratory muscle-strength tests:
MIP 60 cmH,0O in women and 80 cmH,O in men and MEP 120 cmH,0O and 150 cmH,O
in women and men, respectively [28]. All the study subgroups herein achieved their
mean value for the lower limit of normal strength, except the subgroup of the youngest
women, who achieved MEP values closely under this limit. It appears necessary to evaluate
respiratory muscle strength since few studies point out possible discrepancies between the
strength of the respiratory muscles and lumbar extensor muscles in patients with chronic
LBP and patients with neuromuscular diseases [6,29-31].

The muscular endurance of the back extensor muscles was assessed herein by includ-
ing the Biering-Serensen test into the battery. This examination is widely accepted as a
good assessment tool and predictor of non-specific low back pain [32,33]. The validity
and repeatability of the test have been demonstrated in many studies [33-35]. The test
examines the muscular endurance of all muscles involved in trunk extension, thus the
paraspinal muscles (most notably the multifidus muscles) but also the hip extensors [33].
However, in the study baseline examination, the neurologist performed a manual muscle
test of the lower extremities in all participants to ensure that no weakness was present and
that the testing results would not be affected by potential weakness of the hip extensors.

In the group observed herein, a significant difference between the time of effort in
men and women appeared in the Biering-Serensen test. Women were able to hold the
position for a longer time than men, which confirms the findings of other authors [32,33].
Mannion et al. explain the difference between the performances of the sexes in terms of
the pronounced differences in the size ratios of the fiber types in the thoracic and lumbar
regions of the erector spinae between them [4]. A significantly more extensive area of the
muscle occupied by type 1 fibers (slow twitch) is found in the erector spinae of women. It
seems that the greater the relative area of the muscles occupied by type 1 fibers, the longer
the contraction can be sustained. In the groups observed herein, time of effort was lowest
in volunteers under 30 years of age. The potential influence of age is not evident [33]. Some
studies have taken the role of age into account, suggesting that back muscular endurance
capacity may increase slightly with age [36,37]; others have contradicted this [32]. However,
the study group herein was too small to conclude the matter.

Other trunk muscular endurance tests, the prone-plank test and side-bridge tests on
both sides, were included in the study herein because the endurance imbalances between
trunk muscle groups may also be related to low back disorders [38]. The prone-plank test
has frequently been used in clinical settings to evaluate core stability, specifically abdominal
core muscular endurance [14,39—-41]. It is often regarded as the trunk flexor endurance test
since the internal oblique, external oblique, and transverse abdominis muscles are largely
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activated during the procedure [13,42]. The side-bridge test is also an assessment that
challenges core muscles, especially the lateral stabilizers [14,43]. These positions are also
widely used as core stabilization exercise tools [38,42,44,45]. All the muscular endurance
tests above have confirmed their validity and reliability in populations of athletes and
healthy volunteers in previous studies [41,43,46]. They have been used in patients with
LBP to assess trunk function [40,42,47].

In contrast to the results of the Biering-Serensen test, the prone-plank test in this
study revealed no significant differences in time of effort among either age groups or the
sexes. However, more effort was observed in men than in women, although they did not
achieve statistical significance. Comparing the results herein with those of a study targeted
on norms for the prone plank-test [48]. The study data were more similar to the athletic
part of the previously studied population. This fact might well be explained by the high
familiarity of the exercise position (prone-plank position) in socioeconomic relationships.
In contrast to the Biering-Serensen test, where none of the volunteers had ever seen or tried
the position, the prone-plank exercise was widely known, and only two of the volunteers
had never seen or tried it before.

Outcomes obtained in the side-bridge test showed a robust correlation between right
and left sides, so it might be suggested that the test be performed on only one side.
No difference in outcomes of this test appeared between the sexes in the current study.
However, significant differences between age groups were observed for the right side only,
a trend that may arise out of the cohort being relatively small. Evans et al., who tested a
group of young athletes using the side-bridge test, found performances differed between
the sexes on both sides [46]. However, a significant difference in muscular endurance
performance between sex and age groups in some muscle groups but not others implies
that trunk muscular endurance should be tested comprehensively. The side-bridge test
should be performed on both sides [46].

The outcomes of the two trunk muscular endurance tests, the Biering-Serensen and
prone-plank tests, correlated, albeit only moderately. Most importantly, this study revealed
a different distribution model of outcomes between age groups and the sexes in these two
tests. The correlation between the side-bridge test and the prone-plank test was again
moderate. It appears that all of these tests are predictive of core muscular endurance,
but it is apparent that each test examines different muscle co-activations, determined by
the postural situation. It therefore appears reasonable to include all three trunk muscular
endurance examinations in the final test battery.

The correlation between strength-testing procedures and trunk muscular endurance
tests was weak or absent. This finding suggests that there might be discrepancies between
absolute strength and muscular endurance of trunk muscles even in asymptomatic people;
both of these aspects should therefore be observed. Both isometric lower back extensor
strength and trunk muscular endurance tests should be included in the final test battery.

In the study group herein, outcomes for strength and muscular endurance tests were
not dependent on participants’ general physical activity levels. The findings of specific
authors suggest that the level of general physical activity does not predict or initiate
LBP; however, well-chosen measures may reveal deconditioning of certain muscle groups
associated with LBP [12]. It remains crucial to monitor the activeness of patients, as
specialists in the field constantly address this issue.

In further studies, the authors of the current contribution intend to deploy this battery
of tests as a whole in patients with low back pain and neuromuscular diseases to verify
whether any of these outcome measures are able to recognize altered trunk muscle function
and trunk muscle imbalance in such disorders. However, while using these tests in different
groups of patients, the possibility of pain elicited throughout the testing procedures must
be recorded and taken into account while interpreting the results. We anticipate that these
tests will be helpful in clinical practice. They have the potential to capture changes in
outcomes concerning disease progression or interventions, such as rehabilitation programs
aiming for improvement in the strength and muscular endurance of the lumbar extensor
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muscles and/or core muscles. However, as mentioned above, further studies need to be
conducted to prove these assumptions.

Limitations of the Study

The current study has its limitations. Firstly, only 60 volunteers were enrolled, so
individual age sub-groups could not consist of more than 15 people. Normative data for
each test were therefore impossible to achieve. However, the study provides an overview of
the trunk muscle strengths and muscular endurance performances that might be expected
in the healthy population’s various age and sex groups in the socioeconomic background.
Secondly, all participants were hospital employees, so this was not a heterogeneous group
of people according to education, as 80% of volunteers had graduated from university.

On the other hand, heterogeneity existed in terms of the nature of their work (seden-
tary/manual). Thirdly, only intra-rater reliability of strength testing procedures using
HHD was established, as there was only one experienced examiner available for this study.
Therefore, one should be aware of the possibility of a “ceiling effect” that may occur in
powerful individuals when isometric lower back extensor strength is measured using an
HHD in the prone position. Another limitation of the study is that we did not record
pain throughout the assessment. This might be because exclusion criteria were defined as
existing acute and chronic low back pain. It needs to be pointed out that all volunteers were
highly motivated to participate in the study and did not complain concerning any pain
throughout the assessments. While there is a possibility that pain elicited during the test
may interfere with measurements, especially in patients with low back pain, this needs to
be recorded, taken into account, and considered in the interpretation of the results. Further
studies could include pain-detecting protocols and questionnaires at the enrollment and
during the procedures to record whether any tests trigger pain.

5. Conclusions

This study has defined and unified the methodology of a simple test battery that
provides a comprehensive picture of trunk-muscle function (strength and endurance),
including the lumbar extensors. All the tests herein are easy to perform in everyday clinical
practice, are reasonable in terms of time and cost, and, at the same time, are reliable and
valid. The results of this study may contribute to a better understanding of the lumbar
extensor muscles because an essential first step in diagnosis is understanding the natural
patterns of performance in the healthy population.
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