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Background
Compared to a low prevalence of back pain in children (1-6%), 

the prevalence of adolescents back pain rises to 18-51% [1]. Numerous 
risk factors for back pain, such as genetic or constitutional factors, 
overweight, sex or physical inactivity have been reported to date [2-4]. 
Reduced spinal flexibility and postural insufficiency have often been 
associated with low back pain [5,6]. In the Swiss back pain survey from 
2011, 80% of the adults reported to suffer at least once a year from back 
pain. 85% of the reported back pain is not caused by illness or genetic 
factors but insufficient physical fitness or stress [7]. In 6-9 year old 
Swiss children 38.4% reported back pain once a week [8]. A previous 
history of low back pain is often predictive of future back problems [9]. 
Consequently, there is a need for the early detection of risk factors for 
back pain. 

Studies examining back pain and physical activity in children 
and adolescents showed particularly conflicting results. While one 
study showed that physical activity leads to less back pain [10], other 
studies could not find any association between physical activity nor 
physical fitness and back pain [3, 11]. Also, different dimensions of 
physical activity may have different relationships with low back pain 
[12]. These relationships are dependent on individual factors such as 
physical fitness or health perceptions [13]. Several studies reported 
reduced balance performance in adults with low back pain [14]. 
Several randomized control trials showed that a supervised exercise 
program improved the average low back pain intensity compared to 
no treatment [1]. Still studies addressing the relationship between 
physical fitness, risk factors for back pain and back pain in children are, 
however, rare, but needed [1]. Therefore, the purpose of our study was 
to examine the association between physical fitness, spinal flexibility 

and spinal posture, as risk factors for back pain, and back pain in young 
children entering primary school.

Methods
Design and study population

The present study was designed as a large scale, cross-sectional trial. 
Participants for the main study were recruited from the Sportcheck 
study. Beginning in 2014, this monitoring includes obligatory 
assessment of physical fitness performed during physical education 
lessons. From the 1402 children participating in the Sportcheck study, 
540 (38.6%) were allowed by their parents to join additional tests on 
spinal flexibility and posture. 145 children dropped out due to illness at 
one of the two test dates, relocation, refused to participate in one of the 
tests or the measurement was rated as invalid. The final analyses sample 
consisted of 395 children. The study was approved by the local ethics 
committee of the University of Basel (EKBB, Basel, approval number 
258/12). Teachers and parents were a priori informed about the study 
context. After detailed information about the study content parents 
signed an informed written consent to the study.
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times were assessed by electronic timing gates (HL2-31, Tag Heuer, La 
Chaux-de-Fonds, Switzerland). The test has been shown to be reliable 
(r=0.9) [24]. Start follows after an acoustic signal, with a precision of 
1/100 second. This test had to be performed twice as fast as possible. 
The faster trial was included in further analysis. This coordination test 
includes balancing backwards on 3 m long bars with a width of 3, 4.5 
and 6 cm. Starting with the 6 cm and ending with the 3.5 cm bar. The 
number of steps until the child’s foot touches the floor was counted. 3 
trials were performed for each bar width. The sum of these 9 trials was 
used for statistical analysis. All tests were found to be reliable [23, 25, 
26]. 

Back pain was assessed with a pain questionnaire [27], distributed 
at school in coded envelopes and completed by the parents interviewing 
their child. When back pain was reported, the frequency was asked. 

Statistics
The a priori conducted power analysis provided a 95% power (1-β 

error) to detect medium effect sizes in a two-way analysis of variance 
with an alpha significance level of 5% when including a total sample size 
of 252 subjects. Data was tested for normal distribution and variance 
homogeneity. In addition to descriptive statistics, Students t-test to 
compare means of two groups was applied to analyze sex differences 
in baseline characteristics. To compare differences of the segmental 
flexibility of the spine and the existence of postural insufficiency, 
two-way analysis of covariance (sex x spine parameter) was used 
(confidence interval (CI): 95%), with age as a covariate. Physical fitness 
tests were additionally adjusted for BMI (as a covariate). The spinal 
flexibility was divided in three groups: low, normal and high spinal 
flexibility (according to the mean ± standard deviation (sd) for a low 
flexibility and mean + sd for a high flexibility in both sexes). The data 
of the Matthiass-arm-raising test were classified in two categories: 
postural insufficiency and normal posture (according to the mean - 
standard deviation in both sexes). Effect size was calculated by Cohen’s 
d (small effect: 0.2; medium effect: 0.5; large effect: 0.8) [28]. A multiple 
linear regression analysis was conducted to estimate the absolute 
changes in spinal flexibility for one unit change of anthropometrics 
or physical fitness parameters. The model was adjusted for age, sex 
in anthropometrics and additionally for BMI in physical fitness tests. 
Bonferroni post hoc testing was conducted to reveal the direction of 
the results. We used Stata version 12.1 (StataCorp LP, College Station, 
TX, USA) for our analyses. 

Anthropometrics

Body height was measured without shoes to the nearest 0.2 cm 
using a wall-mounted stadiometer (Seca 206, Seca, Basel, Switzerland). 
Body weight was determined to the nearest 50 g in light clothing 
and without shoes using an electronic scale (Seca 899, Seca, Basel, 
Switzerland). BMI was calculated by dividing body weight by height in 
meters squared. Children were classified as either non-overweight or 
overweight/obese based on the International Obesity Taskforce (IOTF) 
reference for children [15]. Waist circumference was measured using a 
flexible tape at the natural waist (half way between the ribcage and the 
iliac crest). Skinfold thickness was measured in triplicate to the nearest 
0.5 mm with Harpenden calipers (HSK-BI, British Indicators, Burgess 
Hill, United Kingdom). Calibrated to exert a pressure of 10 g/cm2 at 
two sites (triceps and subscapular) based on standard procedures. The 
two skinfolds were taken to calculate percent body fat [16]. 

Spinal flexibility and spinal posture

Spinal flexibility and spinal posture were measured with the Spinal 
Mouse MediMouse® (Idiag, Fehraltorf, Switzerland), a hand-held 
and computer-assisted electromechanical device that can be used to 
measure spinal curvature in various positions [17]. This Spinal Mouse 
was found to be reliable in children (SEM 1.21-13.18°) [18]. The device 
was guided slightly paravertebral of the spine or along the midline in 
overweight and obese children, respectively. Starting at the spinous 
process of the vertebrae prominens (C7) and finishing at the top of 
the anal crease (approximately S3) [17]. We tested in three positions: 
standing upright, maximal flexion and maximal extension, as described 
elsewhere [17]. The range of motion between flexion and extension was 
calculated as a measure of the spinal flexibility. Flexibility was measured 
for the angle of inclination of the pelvic tilt, the thoracic spine, the 
lumbar spine and the spinal inclination (angle subtended between the 
vertical axis between legs and pelvis and a line joining C7 to the pelvic 
tilt, Figure 1). In every position three sets of measurements were taken. 
The mean of the two measurements with the smallest variation was 
used for further analysis.

The Matthiass-arm-raising test was conducted [19] to assess the 
capability of the children to control and maintain an upright-standing 
position for at least 30 seconds with straight arms holding in 90° 
shoulder flexion. The difference between the spinal curvature before 
the 30 seconds and after was calculated for the pelvic tilt, the lumbar 
spine and the spinal inclination. Postural insufficiency was defined as 
follows: A) extensive shift of the pelvic tilt in the ventral direction, B) 
increase of the lumbar lordosis or C) an extensively decreased spinal 
inclination [20] (Figure 1).

Physical fitness testing 

Physical fitness testings were conducted in school. All children 
performed a standardized short 5-minute warm-up. The 20 m shuttle 
run serves as a validated test [21] to measure aerobic fitness by running 
forth and back for 20 m, with an initial running speed of 8.0 km/h and 
an increase of 0.5 km/h every minute, paced by beeps on a stereo. The 
maximal performance was reached when the child did not cross the 
20 m line at the moment of the beep for two consecutive 20 m distances. 
Numbers of “stages” (1 stage≅1 minute) performed were counted with 
a precision of 0.5 stages [22]. With the jumping sidewards test speed 
and coordination was measured [23]. Children repetitively jumped, 
within 15 seconds, on alternating sides of a wooden strip, as many 
times as possible. This task had to be performed two times as fast as 
possible. The sum of the two trials was further analyzed. 20 m sprint 

Figure 1: Matthiass-arm-raising-test. (A) The vertical axis between legs and 
pelvis (dotted line) and the spinal inclination (solid line) standing upright, (B) 
after 30 seconds with straight arms holding in 90° shoulder flexion graded as 
normal posture, and (C) graded as postural insufficiency. In C the exemplary 
postural insufficient child shows an extensive shift of the pelvis in ventral 
direction and an extensive decreased angle of the inclination (arrows).
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Results
In our study population of 395 children, 11% of the children were 

overweight, 3.4% obese, respectively. Baseline characteristics are shown 
in Table 1.

Table 2 shows the comparison of sex differences of all spinal 
parameters. 

Anthropometrics, physical fitness and spinal flexibility

Pelvic tilt: Flexibility of the pelvic tilt differed according to waist 
circumference in both sexes (low: 59.2 cm [95% CI 57.7; 60.7], normal: 
58.3 cm [57.6; 59.0], high: 56.5 cm [54.9; 58.0], p=0.04, d>0.3). Post-hoc 
testing showed no differences (p>0.2). In BMI, height, weight and body 
fat no difference could be found (p>0.3). Physical fitness differed for 
the 20 m shuttle run performance in boys, favoring the group with the 
highest flexibility compared to the one with the lowest (low: 4.3 stages 
[3.9, 5.0] vs high: 5.3 stages [4.9, 5.9], p=0.04, d=0.6). In jumping 
sidewards (d=0.7), 20 m sprint (d=0.4) and balancing backwards 
(d=0.5) both sexes showed a better performance in the group with a 
high flexibility compared to the group with a low flexibility of the pelvic 
tilt (Figure 2) (for detailed results see Table A1 Additional File 1). 
The regression analysis shows that the wider the waist circumference 
the smaller the flexibility of the pelvic tilt. The better the jumping 
performance, the faster the children are in the 20 m sprint or the better 
the balancing performance, the higher is the flexibility of pelvic tilt 
(Table 4).

Thoracic spine: There were no differences in flexibility of the 
thoracic spine comparing groups according to anthropometrics and 
physical fitness (p>0.1) (Table A2 in Additional File 1). The same 
results were found in the regression analysis (Table 4).

Lumbar spine:  Differences were found between BMI and 
flexibility of the lumbar spine in girls (low: 17.3 kg/m2 [16.5; 18.0] vs 
high: 16.2 kg/m2 [15.3; 16.7], p=0.02, d=0.6 and low: 17.3 kg/m2 [16.5; 
18.0] vs normal: 16.0 kg/m2 [15.9; 16.5], p=0.03, d=0.6). In the group 
with low lumbar flexibility, girls were heavier than in the group with 
the normal flexibility (low: 27.9 kg [26.2; 29.5] vs normal: 25.6 kg [24.8; 
26.2] p=0.03, d=0.6).

In jumping sidewards, large differences could be found in boys 
between low and high flexibility, favoring the low group (low: 
52.3 jumps [48.1; 56.6] vs high: 44.8 jumps [40.6; 49.1], p=0.05, d=0.6). 

Parameter N Mean SD

Age (y) 395 7.3 0.4
Sex

Female 192
Male 203

Height (cm) 395 126.3 5.4
Weight (kg) 395 26.2 4.6
BMI (kg/m2) 395 16.3 2.1

Overweight 43
Obese 14

Percentage body fat (%) 395 16.7 5.1
Waist circumference (cm) 395 58.2 6.1
20 m Shuttle Run (stage) 395 4.4 1.7
Jumping sidewards (sum of jump counts) 395 47.1 11.7
20 m Sprint (s) 395 4.9 0.4
Balancing backwards (sum of steps) 395 39.2 13.2
Migrants* 106

*Both parents from Eastern or Southern European countries, Africa, Asia, Central 
or South America, or less developed countries

Table 1: Baseline characteristics of the study population.

Female Male p-value Cohen’s 
d

Parameter* Mean (95% CI) Mean (95% CI)
Pelvic tilt

Upright position 
(U) 21.1 (19.9, 22.3) 18.1 (16.7, 19.5) <0.01 0.3

Flexion (F) 53.6 (51.8, 55.5) 52.0 (49.9, 54.2) 0.3 0.1
Extension (E) -4.8 (-7.6, -1.9) -8.3 (-10.5, -6.1) 0.05 0.2
Range of motion 
(F-U) 32.5 (30.4, 34.6) 34.0 (31.7, 36.2) 0.4 0.09

Range of motion 
(E-U) -25.9 (-28.5, -23.3) -26.4 (-28.4, -24.3) 0.8 0.03

Range of motion 
(F-E) 58.4 (54.9, 62.0) 60.3 (57.1, 63.5) 0.4 0.08

Thoracic Spine
Upright position 
(U) 33.4 (32.1, 34.7) 35.8 (34.6, 37.0) <0.01 0.3

Flexion (F) 56.6 (55.6, 57.6) 56.8 (55.8, 57.7) 0.8 0.02
Extension (E) 38.5 (36.4, 40.6) 39.2 (37.3, 41.1) 0.6 0.05
Range of motion 
(F-U) 23.2 (21.8, 24.6) 21 (19.7, 22.6) 0.02 0.2

Range of motion 
(E-U) 5.1 (3.0, 7.2) 3.5 (1.6, 5.4) 0.3 0.1

Range of motion 
(F-E) 18.1 (16.0, 20.3) 17.5 (15.6, 19.5) 0.7 0.04

Lumbar Spine
Upright position 
(U) -33.6 (-35.0, -32.2) -29.6 (-31.1, -28.1) <0.001 0.4

Flexion (F) 32.4 (31.2, 33.7) 32.2 (31.0, 33.4) 0.8 0.03
Extension (E) -41.5 (-43.7, -39.3) -36.0 (-38.0, -33.9) <0.001 0.4
Range of motion 
(F-U) 66.0 (64.7, 67.4) 61.8 (60.4, 63.2) <0.001 0.4

Range of motion 
(E-U) -7.9 (-9.9, -5.9) -6.4 (-8.1, -4.7) 0.2 0.1

Range of motion 
(F-E) 74.0 (71.7, 76.2) 68.2 (66.1, 70.3) <0.001 0.4

Spinal inclination
Upright position 
(U) -1.4 (-1.9, -0.9) -0.07 (-0.6, 0.4) <0.001 0.4

Flexion (F) 92.6 (90.8, 94.3) 90.8 (89.0, 92.6) 0.2 0.1
Extension (E) -32.9 (-34.5, -31.3) -30.7 (-32.0, -29.3) 0.03 0.2
Range of motion 
(F-U) 94 (92.2, 95.8) 90.9 (89.0, 92.7) 0.02 0.2

Range of motion 
(E-U) -31.5 (-33.1, -29.9) -30.6 (-32.0, -29.2) 0.4 0.08

Range of motion 
(F-E) 125.5 (122.9, 128.1) 121.5 (119.1, 

123.8) 0.03 0.2

Matthiass-Arm-
raising test

Difference in 
spinal curvature 
of the pelvic tilt

-2.3 (-3.3, -1.4) -1.5 (-2.4, -0.5) 0.2 0.1

Difference in 
spinal curvature 
of the lumbar 
spine 

-3.1 (-4.0, -2.1) -3.7 (-4.5, -2.8) 0.4 0.09

Difference in 
spinal curvature 
of the spinal 
inclination 

-5.2 (-6.0, -4.4) -5.7 (-6.5, -5.0) 0.3 0.1

*All values in angular degree°

Table 2: Comparison of sex differences of the spinal parameters measured with a 
Spinal Mouse in 6 to 8 year old children.
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In height, weight, body fat, waist circumference, 20 m shuttle run, 20 m 
sprint and balancing backwards there were no differences in relation 
to the flexibility of the lumbar spine (p>0.1) (Table A3 in Additional 
File 1). The regression analysis showed only differences in changes 
by unit of jumping sidewards, with children with a better jumping 
performance do have a less flexible lumbar spine (Table 4).

Spinal inclination: Between spinal inclination and anthropometric 
parameters differences were found in height (low: 128.2 cm [126.8; 
129.6], normal: 126.0 cm [125.4; 126.5], high: 126.4 cm [125.0; 127.7], 
p=0.02, d=0.4), weight (low: 27.8 kg [26.5; 29.0], normal: 26.0 kg 
[25.4; 26.5], high: 25.9 kg [24.7; 27.1], p=0.03, d=0.4) and in waist 
circumference (low: 60.6 cm [59.0; 62.3], normal: 57.9 cm [57.2; 58.6], 

high: 57.0 cm [55.4; 58.7], p<0.01, 0.5=0.6). Physical fitness differed 
between the groups in 20 m shuttle run in boys (low: 4.2 stages [3.6, 
4.7] vs high: 5.6 stages [5.0; 6.1], p<0.01, d=0.9). As shown in Figure 
3 jumping sidewards (d=0.8), 20 m sprint (d=0.5) and balancing 
backwards (d=0.8) differed between the group with the lowest and the 
group with the highest flexibility of the spinal inclination (Table A4 in 
Additional File 1).

As shown in the regression analysis (Table 4) children with a higher 
BMI, a higher weight and a wider waist circumference are less flexible 
in the inclination of the spine. As well it was found that children that 
perform better in all of the four physical fitness tests are more flexible 
in spinal inclination than their peers (Table 4).

Parameter Difference in spinal curvature of the lumbar spine
Postural insufficient

(N=51)
Normal 
(N=344) pGroup pSex pGxS Cohen’s d

BMI (kg/m2)
Mean (95% CI)* 16.9 (16.3, 17.5) 16.2 (16.0, 16.5) 0.04 0.7 0.6 0.3

Percentage body fat (%)
Mean (95% CI)* 18.3 (16.9, 19.7) 16.5 (16.0, 17.0) 0.02 0.01 0.8 0.4

Height (cm)
Mean (95% CI)* 127.7 (126.3, 129.1) 126.1 (125.6, 126.6) 0.04 0.2 0.4 0.3

Weight (kg)
Mean (95% CI)* 27.6 (26.4, 28.9) 26.0 (25.5, 26.4) 0.04 0.3 0.6 0.4

Waist circumference (cm)
Mean (95% CI)* 59.8 (58.1, 61.4) 57.9 (57.3, 58.6) 0.03 0.3 0.5 0.3

20 m Shuttle Run (stage)
Mean (95% CI)** 4.1 (3.7, 4.5) 4.5 (4.3, 4.6) 0.1 <0.001 0.5 0.3

Jumping sidewards (sum of jump counts)
Mean (95% CI)** 48.1 (44.9, 51.2) 47.0 (45.7, 48.1) 0.5 0.04 0.3 0.1

20 m Sprint (s)**
Mean (95% CI) 4.9 (4.8, 5.0) 4.9 (4.9, 5.0) 0.8 <0.01 0.3 0.03

Balancing backwards (sum of steps)
Mean (95% CI)** 41.0 (37.5; 44.5) 39.0 (37.6; 40.2) 0.3 0.03 0.2 0.2

* adjusted for age; **additionally adjusted for BMI

Table 3: Differences in spinal curvature of the lumbar spine in relation to anthropometrics and physical fitness parameters.

Figure 2: Mean and 95% confidence interval in jumping sidewards, 20 m sprint and balancing backwards according to pelvic tilt flexibility groups (low, normal, high).
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Anthropometrics, physical fitness and spinal posture 

Pelvic tilt: BMI (postural insufficiency: 17.3 kg/m2 [16.3; 18.4] vs 
normal posture: 16.2 kg/m2 [15.9; 16.6], p=0.04, d=0.6), weight (postural 
insufficiency: 28.7 kg [26.5; 30.8] vs normal posture: 26.3 kg [25.6; 27.0], 
p=0.04, d=0.5) and 20 m shuttle run performance (postural insufficiency: 
4.0 stages [3.2; 4.7] vs normal posture: 4.9 stages [4.7; 5.1], p=0.01, d=0.6) 
were better in boys with a normal posture in the pelvic tilt compared 
to boys with a postural insufficiency. As well smaller girls showed more 
frequently postural insufficiency than their peers (postural insufficiency: 
123.2 cm [120.8; 125.6] vs normal posture: 125.7 cm [125.0; 126.5], 
p=0.05, d=0.5). No differences were shown in the other anthropometric 
or physical fitness parameters (p>0.3) (Table A5 in Additional File 1).

Lumbar spine: As shown in Table 3 differences between the group 
with postural insufficiency and the group with a normal posture in 
the lumbar spine were found in BMI, body fat, height, weight, waist 
circumference. In 20 m shuttle run a tendency in differences was seen 
(p=0.1; d=0.3). There were no differences in jumping sidewards, 20 m 
sprint and balancing backwards (p>0.3) (Table A6 in Additional File 1).

Spinal Inclination: The group comparison between postural 
insufficiency in the spinal inclination and normal posture revealed 

differences in boys in 20 m shuttle run favoring the normal group 
(postural insufficiency: 4.2 stages [3.7; 4.8] vs normal posture: 
4.9 stages [4.7; 5.1], p=0.04, d=0.5). The other parameters did not show 
differences between the two groups (p>0.1) (Table A7 in Additional 
File 1). 

Back pain: One percent of the children reported back pain. No 
differences in anthropometrics, physical fitness, spinal flexibility, spinal 
posture concerning back pain could be found (p>0.1).

Discussion
The purpose of this study was to examine the association between 

physical fitness, spinal flexibility, spinal posture and reported back 
pain in 6 to 8 year old Swiss children. We found that a high flexibility 
of the pelvic tilt and the spinal inclination, as well as a low flexibility 
of the lumbar spine, were associated with better physical fitness in 
children. The strongest determinant for postural insufficiency was a 
low performance in 20 m shuttle run test.

Spinal flexibility

Children with a high flexibility in the pelvic tilt and the spinal 
inclination have a better physical fitness than the children with a low 

Parameter Pelvic tilt Thoracic spine Lumbar spine Spinal inclination

Β-coefficent (95%CI) p Β-coefficent (95%CI) p Β-coefficent (95%CI) p Β-coefficent
(95%CI) p

BMI* -0.6 (-1.8; 0.5) 0.3 0.2 (-0.5; 0.9) 0.6 -0.7 (-1.4; 0.06) 0.07 -0.9 (-1.7; -0.03) 0.04
Percentage body fat* -0.3 (-0.7; 0.2) 0.3 0.2 (-0.1; 0.5) 0.2 -0.2 (-0.5; 0.07) 0.1 -0.3 (-0.6; 0.06) 0.1

Height* -0.4 (0.8; 0.1) 0.1 0.1 (-0.2; 0.4) 0.4 -0.02 (-0.3; 0.3) 0.9 -0.3 (-0.6; 0.07) 0.1
Weight* -0.4 (-0.9; 0.1) 0.1 0.1 (-0.2; 0.4) 0.5 -0.2 (-0.6; 0.09) 0.2 -0.4 (-0.8; -0.06) 0.02

Waist circumference* -0.6 (-1.0; -0.2) <0.01 0.2 (-0.1; 0.4) 0.2 -0.01 (-0.3; 0.2) 0.9 -0.4 (-0.7; -0.1) <0.01
20 m Shuttle Run** 1.0 (-0.6; 2.5) 0.2 0.6 (-0.4; 1.5) 0.2 0.1 (-0.9; 1.2) 0.8 1.2 (0.06; 2.3) 0.04

Jumping sidewards** 0.5 (0.3; 0.7) <0.01 -0.08 (-0.2; 0.04) 0.2 -0.1 (-0.3; -0.01) 0.03 0.3 (0.2; 0.5) <0.01
20 m sprint** -8.7 (-15.8; -1.7) 0.02 -0.7 (-5.1; 3.6) 0.7 3.0 (-1.6; 7.6) 0.2 -6.0 (-11.1; -0.8) 0.02

Balancing backwards** 0.3 (0.1; 0.5) <0.01 -0.06 (-0.2; 0.06) 0.3 -0.003 (-0.1; 0.1) 0.9 0.3 (0.1; 0.4) <0.01

* Adjusted for age and sex; **Adjusted for age, sex and BMI

Table 4: Regression analysis of spinal parameters in relation to anthropometrics and physical fitness.

Figure 3: Mean and 95% confidence interval in jumping sidewards, 20 m sprint and balancing backwards according to flexibility groups of spinal inclination (low, 
normal, high).
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flexibility. Children with a low flexibility in the lumbar spine are better 
in jumping sidewards than the children with a higher flexibility. As 
seen in athletes a stiffening of the lumbar spine leads to an improved 
stabilization of the upper body for functional movements [29]. Studies 
with back pain patients show, that hypermobility of the lumbar spine 
leads to more severe back pain [30]. The thoracic spine is anatomically 
built for stability [31]. Therefore, a lower flexibility in children with 
higher physical fitness would have been expected. The fact that we 
could not find any differences between the groups in thoracic flexibility 
may be because the standardized measurement position (head/neck in 
a neutral position, hands on the waist) makes it difficult to achieve a full 
thoracic extension. Similar results have been shown in a previous study 
with adults [17]. As well we found that children with a higher waist 
circumference are less flexible in pelvic tilt and spinal inclination. The 
heavier and the higher the BMI the flexibility of the spinal inclination 
seem to be limited as well. Since we hypothesize that a less flexible 
spinal inclination in young age is associated with back pain later in life, 
these results go in line with a recently published study showing that 
BMI is associated with low back pain in 9 to 14 year olds [4]. In contrast 
to boys the flexibility of the spine is higher in girls. This finding has 
been underlined in other studies in children [10]. Compared with a 
study that measured the spinal curvature with a Spinal Mouse in 10 
year old boys the results of this study are similar [18]. Compared to 
adults the studies with children show a lower spinal flexibility [17]. This 
may be because of the considerable restriction of spinal mobility during 
growth [11]. 

Spinal posture

In pelvic tilt smaller girls and heavier boys tend to have more 
often a postural insufficiency, but there were no differences in spinal 
curvature of the pelvic tilt concerning the BMI. We found that heavier, 
taller children with a higher BMI, a higher percentage of body fat and 
a wider waist circumference showed more often postural insufficiency 
in the lumbar spine during the Matthiass-arm-raising test. As shown 
in another study to maintain a flat lumbar spine is a margin of safety 
and important during activities or sports [32]. Hence, it was expected 
that children with a postural insufficiency are less fit than children with 
a normal posture. This could only been shown in the 20 m shuttle run 
test in boys, where children with a postural insufficiency in pelvic tilt 
and spinal inclination were worse in 20 m shuttle run than their peers 
with a normal posture. In girls no differences were shown. This could 
be because the girls in this study were overall worse in the physical 
fitness parameters than the boys and probably less physically active. It 
has been shown that children, that are more physically active do have a 
better physical fitness [33] and less postural insufficiencies [34].

Back pain

Compared to the Swiss spine day data of 2012 (38.4%) only 1 % 
of the children reported back pain [8]. However, the authors pointed 
out that the back pain prevalence does not represent the overall 
prevalence in Switzerland due to selection bias. Our results are in 
line with a recently published review where 1-6% of the children in a 
corresponding age group reported low back pain [1]. It has also been 
shown that the back pain prevalence rises with every year of age [35]. 
Our data support this hypothesis. The low prevalence likely explains 
that no correlation between back pain, physical fitness, spinal flexibility 
or spinal posture could be found. 

Strengths and limitations

Compared to Swiss population data [36-38] our sample represents 
the urban population of Switzerland. However, voluntary study 

participation may cause selection bias. Compared to the whole 
population of first-graders of Basel-Stadt a selection bias in the physical 
fitness level occurred. The participants of this study were significantly 
better in the 20 m shuttle run in both sexes, in jumping sidewards in 
boys and in balancing backwards in girls (each p≤0.01).” The reliability 
of the Spinal Mouse is high [17] and in this study one trained examiner 
made all measurements. Therefore, no interexaminer effect has to be 
considered. Compared to the “gold standard” radiographs studies 
show, that the Spinal Mouse is valid, except for values recorded at 
the lumbar segments L4-5 and L5-S1 [17,39]. Those specific segments 
were not analyzed in the present study. Even if the current literature 
discusses the radiographs as the “gold standard”, no study has ever 
shown an acceptable reliability for radiographs of the spinal flexibility 
[17]. Numerous studies showed that a considerable amount of errors 
occurred in measurements of vertebral angles and their interpretation 
in radiographs [17,24,40]. Under these circumstances the mean values 
measured with the Spinal Mouse have been compared to the values 
measured with various other devices, including radiographs, showed 
good agreement. Therefore, it has been suggested that the Spinal Mouse 
is an adequate tool to assess the spinal curvature [17]. Besides the “gold 
standard” radiographs comes with high costs and considerable patient 
risk. Up to date only the reliability of the Spinal Mouse measurement 
has been examined in boys [18]. There is clearly a need for further 
validity and reliability studies of the Spinal Mouse in children, since 
most of the research has been conducted in adults so far.

The proxy-reported back pain questionnaire may cause recall 
bias. But the children were too young to fill out the questionnaire 
themselves. Further, since the back pain questionnaire was imbedded 
in the school setting, the accuracy of responding by the parents might 
have been improved.

Conclusions
Physical fitness is associated with a higher flexibility of the 

pelvic tilt as well as with a more flexible spinal inclination. There is a 
tendency towards lower flexibility of the lumbar spine in children with 
a high physical fitness level. Thus, we conclude that physical fitness 
has a positive influence on the spinal flexibility. Boys with postural 
insufficiency tend to have a lower aerobic fitness than their peers. 
As well postural insufficiency of the lumbar spine is associated with 
heavy weight, a higher BMI, a wider waist circumference and a higher 
percentage of body fat. Nevertheless, no association between physical 
fitness, spinal flexibility, spinal posture and back pain has been found 
in 6 to 8 year old children.
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