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New possibilities of ultrasound in predicting 
low back pain in adolescent males – pilot study

Nové možnosti ultrazvuku v predikci výskytu 

bolesti dolní části zad u dospívajících mužů – 

pilotní studie

Abstract
Aim: To determine the possible relationship between low back pain (LBP) and asymmetry of the 

cross-sectional area of the multifi dus spinal muscle as measured by US in physically active and 

inactive adolescent boys. Materials and methods: In total, 45 adolescent boys were examined – 

28 boys were physically active and 17 physically inactive. Height, weight, occurrence of back pain 

were recorded, and the spinal multifi dus cross-sectional area was measured by US. The results were 

listed as mean, standard deviation, and percentage change of results. The diff erence between 

two samples was deducted using a two-tailed Student t-test (the level of signifi cance was p < 0.05). 

Results: The results showed that the multifi dus muscle size was larger in the physically inactive 

group (4.86 ± 1.91 cm²) than the physically active group (4.06 ± 1.42 cm²). The non-signifi cant 

asymmetry expressed as a percentage of the cross-sectional area of the multifi dus spinal muscle 

was found between boys who were physically active and physically inactive with back pain: 

17.7 (14.1–21.0)% and 10.9 (3.3–18.5)%, resp.; and also without back pain: 6.9 (6.6–7.4)% and 7.5 (6.9–

8.0)%, resp.; but the signifi cant asymmetry expressed as a percentage of the cross-sectional area 

of the multifi dus spinal muscle was found between boys with back pain and boys without back 

pain in both the physically active (p < 0.05) and physically (p < 0.05) inactive groups. Conclusion: 

The pilot study showed that there might be a relationship between back pain and asymmetry of 

the cross-sectional area of the multifi dus spinal muscle. Further studies are needed to confi rm 

these results. 

Souhrn
Cíl: Zjištění možné souvislosti mezi bolestí dolní části zad a asymetrií plochy průřezu páteřního 

musculus multifi dus pomocí UZ měření u fyzicky aktivních a neaktivních dospívajících chlapců. 

Soubor a metody: Celkem bylo zkoumáno 45 dospívajících chlapců – 28 chlapců bylo fyzicky 

aktivních a 17 fyzicky neaktivních. Byly u nich zaznamenány výška, hmotnost, přítomnost bolesti 

zad a ultrazvukem byla změřena plocha průřezu páteřního musculus multifi dus. Výsledky byly 

uvedeny jako střední hodnota, směrodatná odchylka a procentuální změna výsledků. Rozdíl mezi 

dvěma vzorky byl vypočítán pomocí dvouvýběrového Studentova t-testu (hladina významnosti 

činila p < 0,05). Výsledky: Z výsledků vyplývá, že velikost musculus multifi dus byla větší ve skupině 

s fyzickou neaktivitou (4,86 ± 1,91 cm²) než ve skupině s fyzickou aktivitou (4,06 ± 1,42 cm²). Byla 

zjištěna nevýznamná asymetrie vyjádřená jako procento plochy průřezu páteřního musculus 

multifi dus u fyzicky aktivních i fyzicky neaktivních chlapců s bolestí zad: 17,7 (14,1–21,0) %, resp. 

10,9 (3,3–18,5) %, a také bez bolesti zad: 6,9 (6,6–7,4) %, resp. 7,5 (6,9–8,0) %, avšak významná 

asymetrie vyjádřená jako procento plochy průřezu páteřního musculus multifi dus byla zjištěna 

mezi chlapci s bolestí zad i a chlapci bez bolesti zad jak ve skupině fyzicky aktivních (p < 0,05), 

tak ve skupině fyzicky neaktivních (p < 0,05). Závěr: Tato pilotní studie ukázala, že může existovat 

souvislost mezi bolestí zad a asymetrií plochy průřezu musculus multifi dus. Pro potvrzení těchto 

výsledků jsou nutné další studie. 
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Introduction
Low back pain (LBP) is the leading cause 

of disability worldwide. It often begins in 

adolescence, setting a course for later in 

life. LBP is a relatively common complaint 

among children and adolescents [1,2]. It has 

been reported that the lifetime prevalence 

of LBP by age 20 is up to 80% [1]. Back pain 

is experienced at least once in a lifetime 

by 80−90% of adults. Back pain leads to 

lower working capacity, lower life quality, 

and costly pain medication. An increasing 

number of young adults and children turn 

to specialists for consultation on back pain. 

It has been established that from 15 to 25% 

of children suff er from recurrent or chronic 

back pain. Children complain about cranial, 

abdominal, and skeletal-muscular pain 

most frequently [1]. Various authors report 

different epidemiology of back pain in 

children. It varies from 17.6 to 26% among 

11−17-year-old adolescents [2]. Among 

school students, it varies from 20 to 51% [3,4]. 

Other researchers have determined that 

57.8% of school students experience back 

pain [5]. One-third (33.7%) of children and 

teenagers experience back pain at least 

once a week or more [1]. Quite a number 

(23%) of children turn to a physicist or 

a physiotherapist for consultation. A 25-year 

research project across schools in Denmark 

shows that back pain at the peak of growth 

is a risk factor for back pain at a later age [6]. 

Many studies have been conducted on 

children’s back pain and its causal factors. It 

has been proved that a link exists between 

back pain and physical activity. Mikkelsson 

et al. have studied the infl uence of fl exibility, 

strength, and physical activity on the 

appearance of back pain in adolescents. 

The authors found that good fl exibility in 

boys and good strength in girls had a link 

with cervical tension pain [6]. Other authors 

have linked back pain with low physical 

activity [7]. In other studies, authors have 

deducted that there is a link between back 

pain and a heavy school backpack, although 

other researchers say that a school backpack 

poses no infl uence on the appearance of 

back pain. Incorrect posture may be the 

cause of many complaints. Lithuanian and 

Polish studies on posture show that incorrect 

posture is abundant among children [8,9]. 

A signifi cant relationship between back pain 

and psychosocial factors as well as children’s 

behaviour has been observed [3,10,11].

One of the causes of back pain is 

insufficient stability of the spine, which 

is dependent on the good function of 

surrounding muscles. A relationship has 

been found between the function of 

multifi dus muscles, spinal stability and back 

pain [12]. Clinical testing has demonstrated 

that the cross-sectional area of the multifi dus 

in people who experience back pain is about 

10−30% smaller than in people who report 

no back pain [13]. All studies that have been 

conducted on deep back muscles were 

exclusively on adults. We failed to fi nd any 

data on the multifi dus muscles in children.

We hypothesise that the asymmetry in 

the multifi dus muscle cross-sectional area is 

associated with back pain.

The aim was to determine the possible 

relation ship between LBP and asym metry 

of the cross-sectional area of the multifi dus 

spinal muscle as measured by US in physically 

active and inactive adolescent boys.

Materials and methods
Study design

A cross-sectional design was used in a study 

conducted at one high school and one 

basketball school. The study was approved 

by the Bioethics Center (No. BEC-PT (M)-254). 

All of the participants provided their written 

informed consent prior to their inclusion in 

the study, in accordance with the ethical 

principles of the Declaration of Helsinki. 

The study subjects were adolescent 

boys in the 7th grade of a high school 

and a basketball school. Written consent 

from each student’s parents or guardians 

was obtained. The study was performed 

before midday, before the children had the 

opportunity to become tired. The study data 

were recorded in anonymous questionnaires. 

Participants

In a total of 45 boys, height, weight and the 

corss-sectional area of the multifi dus muscle 

were measured and LBP was evaluated. The 

height of the boys in the target group was 

measured using a height measuring scale, 

and the weight was measured using an 

electronic weight scale. Pain was assessed 

using the McGill questionnaire [14] and 

a pain localisation map, which required 

specification of the localisation and 

description of the type of pain experienced. 

All the subjects received instructions on 

how to fi ll in the questionnaire. 

Interventions

The cross-sectional area of the multifi dus was 

measured using a TITAN US system, operating 

at the B-scan mode, 38- mm broadband 

linear array probe. The TITAN system is 

a portable, software-controlled US system 

using all-digital architecture. The ultrasonic 

muscle test is painless. It is non-invasive and 

does not use the ionising radiation method. 

The frequency of the measuring element 

was 7.5 MHz. The cross-sectional area of 

the multifi dus was measured by a licensed 

US physician with 11 years of experience 

in measuring the multifi dus muscle by US. 

The measurements were performed at the 

beginning of the study. The subjects were 

laid in the prone position with a symmetrical 

head posture, the chin resting against the 

examination couch, arms next to the sides 

of the trunk, and palms supine. The pairs 

of the spinal multifi dus were measured at 

symmetrical locations. A tape measure and 

a marker were used to mark the points. The 

posterior superior iliac spines were chosen 

as starting points. The cross-sectional area 

of the multifidus was measured at both 

sides 3 cm above the posterior superior iliac 

spines, which is the equivalent of the level 

of the L4−L5 segments. Three images of 

multifi dus muscle were taken and measured. 

The average of these three images were 

calculated and used for data analysis.

Statistical analysis

Statistical data analysis was performed using 

software packages Microsoft Office Excel 

2007 (Microsoft Corporation, Redmond, WA, 

Tab. 1. Physical characteristics of the subjects.

Characteristic Physically active 
group (N = 28)

Physically inactive 
group (N = 17) P

age – mean ± SD (years) 13.25 ± 0.10 13.47 ± 0.12 > 0.05

height – mean ± SD (cm) 169.05 ± 1.46 168.59 ± 2.16 > 0.05

weight – mean ± SD (kg) 55.42 ± 2.08 62.77 ± 5.09 > 0.05

SD – standard deviation
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USA) and IBM SPSS Statistics Base 22.0 (IBM 

Corp., Chicago, IL, USA). The results of the 

study were processed using mathematical 

statistics methods for mean, standard 

deviation, and percentage change of results. 

The diff erence between two samples was 

deducted using a two-tailed Student t-test 

(the level of signifi cance was p < 0.05).

The normality of distribution of the data 

was checked using Kolmogorov-Smirnov 

test, and not all parameters had normal 

distribution. To determine the reliability of 

abnormal distribution, we used the non-

parametric Mann-Whitney U test.

Results
The adolescent boys were distributed into 

groups according to their physical activity: 

a group of physically active boys (N = 28) 

and a group of physically inactive boys 

(N = 17). The mean age of the subjects 

was 13.35 ± 0.06 years, the mean height 

was 168.9 ± 1.2 cm, and the mean weight 

was 58.2 ± 2.34 kg. Differences between 

groups were not statistically signifi cant. The 

characteristics of all subjects’ means and 

standard deviations are demonstrated in 

Tab. 1. 

The multifi dus muscle cross-sectional area 

was measured by US. The results comparing 

the multifi dus muscle size between healthy 

physically active and physically inactive 

boys and respectively those with LBP are 

demonstrated in Tab. 2. 

The non-signifi cant asymmetry expressed 

as a percentage of the cross-sectional 

area of the multifidus spinal muscle was 

found between physically active boys 

and physically inactive boys with LBP: 

17.7 (14.1–21.0)% and 10.9 (3.3–18.5)%, 

resp.; and also without LBP: 6.9 (6.6–7.4)% 

and 7.5 (6.9–8.0)%, resp. The significant 

asymmetry expressed as a percentage of 

the cross-sectional area of the multifidus 

spinal muscle was found between boys 

with LBP and boys without LBP in both 

physically active and physically inactive 

groups (Fig. 1).

 

Discussion
The cross-sectional area of a muscle is di-

rectly related to its ability to produce 

force [13]. The asymmetry in multifidus 

muscles seems to promote LBP. Richardson 

et al. have performed studies of the cross-

-sectional area of the multifi dus using US, 

where the cross-sectional area of the mul-

tifi dus at the L2−L5 level was determined in 

26 patients with acute LBP and in 51 healthy 

adults. The study showed that the aff ected 

segment muscle cross-sectional area was 

8−31% smaller than in healthy adults. The 

muscle cross-sectional area asymmetry in 

healthy adults was only < 3−4% smaller. The 

function of the spinal multifi di was hindered 

by their decreased cross-sectional area: the 

damaged muscle was 10−30% smaller than 

healthy muscles [15]. 

Hides et al. stated that the patients with LBP 

had between-side diff erences in multifi dus 

cross-sectional area of (mean ± standard 

deviation) 31 ± 8%; whereas the diff erence 

in the healthy controls was only 3 ± 4% [16]. 

The association between back pain and 

physical activity is proved. Mikkelsson 

et al. studied the influence of flexibility, 

endurance strength, and physical activity 

on the occurrence of back pain. Their study 

showed that good flexibility in boys and 

10.9 [3.3−18.5]**,+,++

7.5 [6.9−8.0]***,++

17.7 [14.4−21.0]*,***,+

6.9 [6.5−7.4]*,**

0 5 10 15 20 25

without low

back pain

with low

back pain

without low

back pain

with low

back pain

mean percentage difference of both sides multifidus, % M [95% CI]

Physically inactive

Physically active

Fig. 1. Percentage diff erence between means of spinal multifi dus cross-sectional area.
* p = 0.001; **p = 0.014; ***p = 0.001

+ p = 0.036; ++p = 0.043

Tab. 2. Multifi dus muscle size in healthy physically active and physically inactive boys and physically active and physically inactive 
boys with low back pain. Since the quantitative variables do not meet the normal distribution conditions, the table shows the me-
dian and 25–75 percentile.

Physically active Physically inactive
without LBP (N = 23/11a) with LBP (N = 5) without LBP (N = 14/9a) with LBP (N = 3)

median (25–75 percentile), cm2

LCSA 3.81 (2.71–4.72)/4.40 (3.57–5.82) 3.73 (2.91–4.23) 4.83 (3.54–6.43)/*3.94 (3.34–6.44)** 2.74 (2.69–3.54)*, **

RCSA 3.91 (2.56–4.98)/4.70 (3.33–6.28) 4.47 (3.39–5.18) 4.88 (3.50–7.03)/4.26 (3.32–6.97) 3.06 (2.91–4.06)

LBP – low back pain; LCSA – left cross-sectional area; RCSA – right cross-sectional area; Na – in order to increase the reliability of the study by ran-

domness, 11 subjects were selected from the group of physically active without LBP and 9 subjects from group of physically inactive boys

*p = 0.023 by nonparametric Mann-Whitney U test

**p = 0.033 by nonparametric Mann-Whitney U test
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good strength endurance in girls could 

influence cervical tension pain [6]. Other 

authors have suggested that back pain had 

an association with low levels of physical 

activity [7]. We failed to find any studies 

reporting on the relationship between back 

pain and the cross-sectional area of the 

multifi dus in adolescent males. We did not 

fi nd a signifi cant correlation between height 

and the cross-sectional area of the multifi dus 

muscle or weight and the cross-sectional 

area of the multifi dus muscle in adolescents. 

Little is known about the relationship 

between an adolescent’s weight and the 

cross-sectional area of the multifi dus muscle. 

We also did not fi nd any research on the 

cross-sectional area of the multifi dus muscle 

in adolescents. This could be the objective 

of future studies. The study results showed 

that height and weight might have infl uence 

on the cross-sectional area of the multifi dus 

muscle. We could assume that boys with 

asymmetry in the multifi dus muscle cross-

-sectional area have back pain, regardless of 

their physical activity. Our hypothesis that 

the asymmetry in the multifidus muscle 

cross-sectional area may be the reason for 

the back pain is proved. 

Limitations and 
recommendations
The main limitation of this study was the 

small sample groups. We have had diffi  culties 

interpreting the results, in particular 

confi dence intervals and p-values. However, 

future similar studies with a larger sample 

size, in a wide age range group and also in 

both gender populations are recommended. 

It is also suggested that further studies can 

be designed to investigate the effect of 

stabilisation exercises on muscle size in the 

adolescent population and to follow the 

eff ect of the treatment programme in this 

age group.

Clinical applications
With support from further large-scale studies, 

the results of the present study seem to be 

helpful for clinicians and coaches to identify 

adolescents with LBP and then design the 

special treatment and training programme 

with special exercises for spine muscles.

Conclusion
The pilot study showed that there might 

be a relationship between back pain and 

asymmetry of the cross-sectional area of the 

multifi dus spinal muscle. Further studies are 

needed to confi rm these results.
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