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Abstract

Background: In order to classify and analyze the parameters of upper body posture, a baseline in the form of stand-
ard values is demanded. To this date, standard values have only been published for healthy men aged 18-35 and
41-50 years. Data for male adults aged between 31 and 40 years are lacking.

Methods: The postural parameters of 101 symptom-free male volunteers aged 31-40 (35.58 4 2.88) years were stud-
ied. The mean height of the men was 179.89 &£ 7.38 cm, with a mean body weight of 86.36 & 11.58 kg and an average
BMI of 26.70 4 3.35 kg/m?. By means of video rasterstereography, a 3-dimensional scan of the upper back surface was
measured in a habitual standing position. The means or medians, confidence interval, tolerance range, and group
comparisons and correlations of BMI and physical activity were calculated for all parameters.

Results: The habitual standing position was found to be almost symmetrical and the axis aligned in the spine, pelvis,
and shoulder region, while the spine position was marginally inclined ventrally. The kyphosis angle of the thoracic
spine was greater than the lordosis angle of the lumbar spine. All deviations fell under the measurement error margin
of 1 mm/1°. The greater the BMI, the greater was the pelvic and scapular distance. The lower the BMI, the further
caudally positioned was the right shoulder. The pelvic and scapular distances were also lower with the increasing
athleticism of the participants.

Conclusion: The upper body posture of men between the ages of 31 and 40 years was found to be almost symmet-
rical and axis-conforming, with the kyphosis angle, pelvic distance, and shoulder distance enlarging with increasing
BMI. Consequently, postural parameters presented in this survey allow for comparisons with other studies, as well as
the evaluation of clinical diagnostics and applications.
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Background
Most health diseases in modern industrialized nations
include back pain [1]. (p10)
This is also coded in the current version 10 of the Inter-
national Statistical Classification of Diseases and Related
Health Problems (ICD 10) under Chapter XIII “Diseases
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Back pain summarizes various complaints of the entire
back (cervical, thoracic and lumbar spine), which are,
however, differentiated according to their cause or trig-
ger, type, and severity. Back pain can result from, among
other things, asymmetrical muscular strain (muscular
imbalances) or tension that becomes visible through poor
posture. It can also be caused by occupational activities,
such as lifting and carrying heavy loads in unsuitable
postures, forced postures, or monotonous postures to
a much greater extent than is the case in the rest of the
population [3].

In Germany, 22.5% of people between 20 and 75 years
of age suffer from persistent back pain [4] and it is, thus,
one of the main causes of incapacity to work [1]. In 2017,
the Federal Ministry of Health registered 2025 cases of
incapacity to work, with 196.711 working days lost due
to incapacity and an average incapacity to work of 97.14
days per case due to back pain [5].

With regard to existing back pain, a prevalence of
29.1% [6] has been determined for men in Europe. Con-
cerning men in the age group of 31-40 years, the follow-
ing figures have been recorded for Germany: those aged
30-34 years were unable to work for an average of 13.07
days per case due to musculoskeletal disorders, while for
men aged 35-39 years, this was 14.79 days per case [7]. Of
these, 23.9 days for men aged 30-35 years and 23.8 days
for men aged 35-40 years were spent in inpatient reha-
bilitation facilities due to musculoskeletal disorders [8].
Therefore, this results in a high loss of working days for
men aged 30-40 years [1]. Considering these data, young
employees between 31 and 40 years of age are relatively
often affected by back pain. Therefore, there is a need
for action to ensure that young, employed men remain
employable for at least 35 years due to their young age
and their low level of physical and mental decline.

In addition, these men represent a group of people
whose physical integrity should be protected by their low
level of mental and physical decline and, thus, should be
able to remain in the labor market in the longer term.

In order to understand better the correlation between
upper body posture and back pain, it is essential to be
in the possession of standard values of symptom-free
people, grouped by age and sex. With the help of these
data, deviations from the physiological normal state can
be easier to distinguish and recognize and can be used to
help deciding on a therapy.

Studies that differentiate sex- and age-specific stand-
ard reference values of the upper body to realize uniform
assessment standards have already been published for
healthy male test persons between 18—35 years [9] and
41-50 years [10] of age, as well as for healthy female test
participants between 20-30 years [11] and 51-60 years
[12] of age. The aims of these individual publications
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are to measure the upper body posture in dependence
of age and sex of the working population in Germany
via video raster stereography which are part of a project
and is described in the methodology paper by Ohlendorf
et al. [13] In addition to X-rays, there are other methods
for documenting the spine which, in contrast to X-rays,
are radiation-free and, therefore, suitable for frequent
documentation. These include the video raster stereogra-
phy method, in which the back surface can be displayed
three-dimensionally using light projections. This method
[14] has high (intra- and inter-day) reliability and repro-
ducibility while its accuracy is increased with the use of
given anatomical landmarks [15].

Therefore, the aim of the present study is (i) to generate
standard values of upper body posture for the male age
group of 31-40 years and to classify them in previously
published data and (ii) to analyze whether BMI or physi-
cal activity has an effect on upper body posture. The fol-
lowing hypotheses are to be tested:

1. Present standard values are in agreement with pre-
vious analyses (men aged 18-35 years and 41-50
years) regarding sagittal and frontal parameters.

2. The higher the BMI, the more pronounced sagittal
parameters are.

3. Men who engage in sports have a more upright pos-
ture, in terms of frontal trunk inclination and axis
deviation closer to the 0° axis.

Methods

Subjects

This study is part of the standard reference value project
that focuses among others on the upper body posture of
healthy adults and has already been published in parts
earlier [9-13].

In the present study, 101 male subjects within the age
decade of 31 to 40 years (35.58 + 2.88 years) voluntarily
participated. Further constitutional parameters are listed
in Table 1.

Body mass index (BMI, kg/m? was differentiated
according to the WHO classification [8, 16, 17] as fol-
lows: 12 subjects (11.88%) were in the normal BMI range
(18.5-24.9 kg/m?), 72 subjects (71.29%) were pre-adipose
(25-29.9 kg/m?), and 17 subjects (16.83%) were obese
(>30 kg/m?).

All participants reported their health subjectively;
those with musculoskeletal, spine, shoulder, and pel-
vic conditions, limitations, pain, and interventions were
excluded from participation. “Healthy” means that
the subjects have no acute symptoms and subjectively
described themselves as healthy at the time of meas-
urement. Furthermore, subjects who were undergoing
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Table 1 Presentation of medians/averages, tolerance ranges, and confidence intervals with associated lower and upper, left and right

limits in relation to height, body weight, and BMI

Parameter Mean value/median Tolerance range Confidence interval

Lower limit Upper limit Left limit Right limit
Body height (cm) 179.89 165.17 194.61 17843 181.35
Body weight (kg) 85.00 64.55 110.90 82.00 90.00
BMI (kg/m?) 26.20 21.00 34.78 2542 27.00

physiotherapy or orthopedic treatment at the time of the
study, or who were taking muscle relaxants, or had evi-
dence of poor posture, as determined by a doctor, were
prohibited from participating. Another reason for exclu-
sion was surgery that had taken place within the last 2
years.

Before the start of the study, all subjects were fully
informed about the modalities of the study and a written
informed consent was obtained.

At the beginning, anamnestic parameters, such as age,
height, and weight, as well as questions about general ill-
nesses and general sporting activity were recorded [18].

The evaluation revealed that 30.70% of the participants
were employed in an office, 51.48% of the participants
had a non-office job. Among the participants without
an office-job, there were cooks, dentists, hair stylists,
firemen, bakers, and handymen for example. Moreover,
17.82% of the participants did not give any information
about their occupation. While 46,53% of the test persons
were physically inactive around 53.47% of the selected
participants regularly engaged in sports in their leisure
time.

An approved ethics application was submitted for the
conduct of the study (ethics no.: 103/16). Its specifica-
tions refer to the ethical principles for medical research

on humans. These are set out in the current version of
the Declaration of Helsinki from 2013.

Measurement system: back scan

The mobile three-dimensional back scanner “Bodymap-
per” (ABW GmbH, Frickenhausen, Germany; Gebiom,
Miinster, Germany) was used to illuminate the back
(Fig. 1a). The three-dimensional back scanner projects
a striped pattern onto the unclothed upper body of the
test person via a light projection for light-optical meas-
urement; this measurement was registered via a camera
from a fixed angle (video raster stereography). The maxi-
mum frame rate was 50 frames/s with a depth resolution
of 1/100 mm, with 15 video frames recorded per second.
Using a dynamically moving strip light (triangulation
technology), the light-irradiated fixed points were deter-
mined and graphically mapped in 3D coordinates [11,
19]. For this purpose, a height image (Fig. 1b) and a gray-
scale image (Fig. 1c) were generated.

According to the manufacturer, the measurement error
is less than 1 mm. A reproducible measurement accuracy
of 0.5 mm has been achieved with recurring measure-
ments [20].

For the examination, the test persons were asked
to undress their upper body up to and including the

Fig. 1 alllustration of the 3D-back scan. b Representation of the gray-scale image; color coding of the lines: green = spine, orange = shoulder,
purple = pelvis. ¢ Display of the contour line image; (1) VP, (2) SP, (3) AISL, (4) AISR, (5) DL, (6) DR
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beginning of the buttock fold and to stand on the floor
at a distance of 90 cm from the scanner with their backs
facing the scanner on a defined line. In order to achieve
the greatest possible accuracy and to minimize interfer-
ing factors, barefoot measurement was insisted on. Fur-
thermore, the test persons were asked to fix their gaze at
eye level and to adopt a habitual posture for the duration
of the measurement.

Beforehand, six defined fixed points on the back were
marked with adhesive markers [11]:

1. (VP) Vertebra prominens (7th cervical vertebra)

2. (SP) Point at Os sacrum (beginning of the gluteal fold
"Rima ani")

(AISL) Shoulder blade angle left

(AISR) Shoulder blade angle right

(DL) Spina iliaca posterior superior left

(DR) Spina iliaca posterior superior right

SN

Subsequently, 3 measurements with a recording dura-
tion of 0.6 s each were carried out, whereby each eval-
uation parameter was averaged for further statistical
analysis as follows.

Evaluation parameter

Points 1-2 represent the spine region (green), points 3—4
the shoulder region (orange), and points 5-6 the pelvic
zone (purple), as illustrated in Fig. 1b, c.

Thus, a total of 25 parameters of the upper body were
determined in the spine, shoulder and pelvis areas and
calculated using the manufacturer’s software (BackMap-
per, ABW GmbH, Frickenhausen, Germany). A detailed
explanation of the parameters can be found in the
method paper [13] and in Table 2.

Statistical evaluation

All calculations were carried out using BIAS (Version
11.0) (Epsilon Verlag, Darmstadt, Germany). The param-
eter distribution was tested by the Kolmogorov-Smirnov
test which indicated only partial normal distribution;
parametrical or non-parametrical tolerance regions (TR)
were calculated as defined by the upper and lower limits
for 95% of all values (£2 SD values) being found in > 95%
of the examined subjects. Values within this range were
considered “normal”

Furthermore, the two-sided 95% confidence interval
(left limit/right limit CI) was calculated and indicated
the range of the mean or median value (depending on the
distribution quality) and showed the “accuracy” of these
values. For group differences, a Kruskal-Wallis test was
used followed by a pairwise comparison (Conover-Iman
test). All p values were corrected by Bonferroni-Holm.
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The calculation of the correlations was conducted by
using Spearman-Kendall correlations. The effect strength
served to evaluate the correlation coefficient rho accord-
ing to Evans and was defined as follows: 1 = < 0.2, poor;
2 = 0.2-0.4, weak; 3 = 0.4-0.6, moderate; 4 = 0.6-0.8,
strong; 5 = > 0.8, optimal.

Results

Table 2 contains the mean and median values, the toler-
ance range (TR) with its upper and lower limits, and the
confidence interval with its left and right limits of all
measured parameters.

On average, the male subjects aged between 31 and 40
years stood slightly inclined in the anterior line by 2.63°
(tolerance range 8.46° ventrally to 3.19° dorsally; confi-
dence range 3.21° to 2.06° ventrally).

In the frontal plane, there was a minimal deviation of
the trunk of 0.34° to the left, the CI the CI ranged from —
0.56° (left limit) to — 0.07° (right limit) and the TR ranged
from — 3.57° to the left to 2.04° to the right. The axial
deviation (inclination between the upper body and pel-
vis) was also slightly tilted to the left (0.98°), with a toler-
ance range of — 5.16° (lower limit) and 3.19° (upper limit)
and a confidence interval of between — 1.40° and — 0.57°
to the left.

The thoracic bending angle (calculated from the dis-
tance between VP and the kyphosis apex) also indicated
this deviation from the perpendicular line and confirmed
a thoracic kyphosis with an angle of 15.66°. Here, varia-
tions of the TR ranged from 7.99° (upper limit) to 23.32°
(lower limit) and the CI varied between 14.90° (left limit)
and 16.41° (right limit). Compared to the thoracic bend-
ing angle, similar variations of the TR and the CI were
seen for the lumbar bending angle (deviation of the dis-
tance between the lordosis and kyphosis apex), having a
bending angle of 10.99° (TR lower limit 5.49°, upper limit
16.50° CI left limit 10.45° right limit 11.54°). Same rela-
tionship (kyphosis angle > lordosis angle) count for the
kyphosis and lordosis angles, having a mean or a median
of 52.56° and 32.16°, with a substantial TR of approxi-
mately + 21° and &+ 17° and a CI of about + 2°.

The median lateral deviation showed a slightly right-
sided inclination by 4.70° when combining VP and the
center of the pelvic markers. Both TR (1.49° and 11.20°,
respectively) and CI (3.72°/5.11°) also indicated a right-
sided deviation. The rotation of the spinal column indi-
cates the spinal column torsion, measured from the
spinal processes: here, a negative value indicates a rota-
tion to the left and a positive value a rotation to the right.
The median spinal rotation in the study was right-sided
with a value of 3.41°, with a TR of between 1.20° and
11.65° and a CI of between 2.95° and 4.16°.
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Table 2 Spine, shoulder, and pelvis parameters: mean values, medians, tolerance ranges (upper and lower limits), and confidence
intervals (left and right limits). Lines with gray background are non-parametrical data

Mean value/median Tolerance range Tolerancerange Confidence Confidence

Lower limit Upper limit interval interval
Left limit Right limit

Spine parameter
Trunk length D (mm) 473.95 41418 533.72 468.03 479.87
Spatial distance between the markers C7 and middle of
the PSIS-marker
Trunk length S (mm) 526.03 470.21 582 520.57 531.64
Spatial distance between the markers at C7 and Rima Ani
Sagittal trunk decline (°) — 263 — 846 3.19 —3.21 —2.06
Inclination of the trunk length D marked line from the
perpendicular to the sagittal plane
Frontal trunk decline (°) —034 — 357 204 —0.56 —0.07
Inclination of the trunk length D marked line from the
perpendicular to the frontal plane
Axis decline (°) —0.98 —5.16 3.19 — 140 — 057
Deviation of the line of the area marked by the trunk
length D line of the 90 ° rotated distance between PSIS left
and PSIS right
Thoracic bending angle (°) 15.66 7.99 23.32 14.90 16.41
Deviation of the distance C7 — Kyphosis Apex from the
perpendicular
Lumbar bending angle (°) 10.99 5.49 16.50 1045 11.54
Deviation of the distance Kyphosis Apex — Lordosis Apex
from the perpendicular
Standard deviation lateral deviation (°) 4.70 149 11.20 3.72 511
Root mean squared deviation of the median line of the
distance C7 - center of the PSIS marker
Standard deviation rotation (°) 341 1.20 11.65 2.95 416
Root mean square deviation of surface rotation of the
median line (torsion of the spinous processes of the spine)
Kyphosis angle (°) 52.56 3431 70.82 50.76 5437
Angle between the upper turning point at C7 and the
thoracolumbar inflection point
Lordosis angle (°) 32.16 17.25 47.08 30.69 3364
Angle between the lower inflection point at the center of
the PSIS marker and the thoracolumbar turning point
Shoulder parameter
Scapular distance (mm) 18545 138.28 23263 180.78 190.12
Distance between the left (AISL) and the lower right scapu-
lar angle (AISR)
Scapular height (°) — 435 —17.76 10.25 — 514 — 237
Height difference between the AISL and AISR points
scapular rotation (°) 0.77 — 542 6.96 0.16 1.38
Rotation of the distance AISL - AISR in the transversal plane
Left scapular angle (°) 26.60 16.92 4510 2547 27.86
Angle of the compensation line applied from the shoul-
ders to the horizontal. The center of the compensation line
is specified vertically above AISL
Right scapular angle (°) 2793 15.37 4512 26.60 2943
Angle of the compensation line applied from the shoul-
ders to the horizontal. The center of the compensation line
is specified vertically above AISR
Pelvis parameter
Pelvic distance (mm) 12742 92.85 162.00 124.00 130.85

Spatial distance between the left (PSISL) and right (PSISR)
of the pelvis
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Table 2 (continued)

Mean value/median Tolerancerange Tolerancerange Confidence Confidence

Lower limit Upper limit interval interval
Left limit Right limit

Pelvic height (°) — 046 —4.25 333 —0.84 —0.09
Decline of the connecting line between PSIS left and PSIS
right to the horizontal in the frontal plane in degrees
Pelvic height (mm) ——1.25 — 8.67 776 — 234 —0.56
Decline of the connecting line between PSIS left and PSIS
right to the horizontal in the frontal plane in millimeter
Pelvic torsion (°) 1.16 —11.60 13.92 —0.10 242
PSIS left — PSIS right, twist around the transverse axis
calculated from the mutual twisting of the surface normal
on the two PSIS
Pelvic rotation (°) 0.32 —7.11 7.75 — 042 1.06

Rotation of the distance PSIS left — PSIS right in the trans-
versal plane

The lower scapular spinae were measured by two fixed
markers. The distance between the two scapular markers
indicated the variable shoulder width which was 185.45
mm (mean), with a TR of 138.28-232.63 mm and a CI
limit of 180.78—-190.12 mm. The scapular height indicates
the left shoulder deviation from the horizontal line being
more caudally by 4.35° (TR: lower limit — 17.76°, upper
limit 10.25°; CI left limit — 5.14°, right limit — 2.37°). The
same was true for the shoulder blade angle left and right,
whereas the left shoulder was located more caudally
than the right. The shoulder markers illustrated the right
shoulder to be slightly further dorsal by 0.77°, with a tol-
erance range of — 5.42° to 6.96° and a CI of 0.16° to 1.38".

In terms of the pelvic parameters, the pelvis width was
referred to as the distance between the spina iliaca poste-
rior superior markers, which, on average, was 127.42 mm
(TR of 92.85 to 162.00 mm; CI of 124.00 and 130.85 mm).
The pelvic height (horizontal plane) was almost balanced.
Both differences in millimeters and degrees indicate a
slightly higher position of the left pelvis by a median of
0.46° or 1.25 mm. In contrast, the pelvic torsion and rota-
tion show that the right iliac marker was rotated poste-
riorly and simultaneously tilted further ventrally (mean
pelvis torsion: 1.16° mean pelvic rotation: 0.32°).

Body mass index
Calculation of the correlations between the upper body
static parameters and BMI revealed significant correla-
tions for the pelvic distance DD (p< 0.001, rho-value =
0.39, effect size weak), scapula distance (p< 0.001, rho =
0.33, effect size weak), and shoulder stance angle right
(p< 0.01, rho-value = — 0.26, effect size poor) (Fig. 2).
All other comparisons were not significant (p> 0.05).

The division of the BMI into groups (group 1: normal,
group 2: pre-adipose, and group 3: obese) according to

the WHO definition gave more detailed results. Only sig-
nificant group differences are listed below (Table 3).

There was significance (p< 0.02) in the torso length D
(p< 0.01) between groups 1 and 2. The median of group
1 was 457.85 mm and that of group 2 was 482.71 mm. In
addition, there was significance (p< 0.01) in the sagittal
trunk tilt (°) with respect to groups 1 and 3 (p< 0.01).
The median of group 1 was — 1.29° and that of group 3
was — 5.55°. The pelvic distance DD (p< 0.01) recorded
a significant difference (p< 0.01) between groups 2 and 3,
with the median of group 2 being 124.97 mm and that of
group 3 being 137.84 mm.

There was also significance (p< 0.01) in the scapula dis-
tance between groups 1 and 3 (p< 0.01) and groups 2 and
3 (p< 0.02) (group 1: 174.93 mm, group 2: 184.57 mm,
group 3: 205.72 mm). In addition, there was a significant
discrepancy (p< 0.02) in the left shoulder angle. In the
group comparison, significances (p< 0.02) were calcu-
lated between groups 1 and 2 and groups 1 and 3 (group
1: 29.94°, group 2: 26.31°, group 3: 25.83°). Furthermore, a
significance (p< 0.01) was calculated for the right shoul-
der angle between groups 1 and 3 (p< 0.01; group 1:
31.70°, group 3: 25.04°).

Physical activity

The comparison of groups with different levels of sport-
ing activity (group 1: rarely/never, group 2: 1x/week,
group 3: 2x/week, group 4: > 2x/week) with regard to the
upper body posture parameters gave the following signif-
icant group differences (p< 0.01).

The pelvic distance DD was significantly different
between groups 1 and 4 (p< 0.03), with a median of
130.44 mm for group 1 and 120.09 mm for group 4.

There was also significance (p< 0.01) in the left shoul-
der angle between groups 1 and 2, 2 and 3, and 2 and 4
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Fig. 2 a-c Significant correlations between the BMI and the scapular distance (a), the scapluar angle right (b), and the pelvic distance (c)

(p=< 0.02 and 0.01, respectively). The median of group 1
was 26.60°, for group 2 it was 32.25°, for group 3 26.23°
and that of group 4 was 24.50°. Figure 3 illustrates the
group differences in the two parameters.

Discussion

In the present study, an average height of 179.89 & 7.38
cm with a body weight of 86.36 £ 11.58 kg and a mean
BMI of 26.70 £ 3.35 kg/m* were determined for the
male subject collective of 101 participants aged 31 to 40
years. Using the WHO classification [8, 16, 17], the BMI
results revealed a preadipose majority of 71.29% (72 par-
ticipants) within the subjects. In contrast, 12 (11.88%)
subjects were in the normal range and 17 (16.83%) were
obese. Considering the known constitutional data of the
German population [21, 22] for men aged 30-40 years,
there were no major differences of more than 1 cm, 2 kg,
or 1 kg/m?. According to Schienkiewitz et al. [23], 61.6%
of men in Germany have a BMI of over 25 kg/m?* while
43.3% of men have a BMI in the range of 25 to 30 kg/
m?, Consequently, the constitutional data of the present
male subjects can be classified according to these val-
ues and can be used as a baseline for the determination

of standard values. With regard to the upper body pos-
ture, a relatively balanced posture in the spine, shoulder
and pelvic area could be determined within the test per-
son collective, whereby the torso was inclined 2.63° ven-
trally. While the pelvic region was virtually balanced, in
the shoulder region, the right shoulder was very slightly
more caudal.

The thoracic bending angle was 15.66° and the lumbar
bending angle was 10.99°. Equally, the thoracic kyphosis
had an average angle of 52.56° and the lumbar lordosis
32.16°. On the basis of the above-mentioned measured
values, it can, thus, be concluded that the subjects of the
present study have a symmetrical and axis-appropriate
posture which can possibly be attributed to the move-
ment system of healthy and symptom-free participants.
Therefore, hypothesis 1 can be verified.

Considering the classification of the Scoliosis Research
Society [24, 25], normal kyphosis in the thoracic region is
between 30 and 50° and a lumbar lordosis between 31 and
79°, whereby it is clear from these degree numbers that
the reference range for the lumbar lordosis varies greatly
in the literature [24—26]. From this, it can be assumed
that the present subject collective generally tended to
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Table 3 Comparison of parameters of upper body posture and “BMI," coding of effect size of eta® 1 = 0.01 small effect, 2 = 0.06
medium effect, 3 = 0.14 large effect. Significant p values in bold, shaded gray, and marked with an asterisk

BMI
(kg/m?)
Parameter 1. Group normal 2. Group pre-adipose 3. Group obese
n=12 n=72 n=17
pvalue eta’ Med. Min./Max. Med. Min./Max. Med. Min./Max.
Spine parameter
Trunk length D (mm) 0.01* 0.10%2 45785 421.22/510.19 48271 416.43/555.56 467.66 405.02/539.99
Trunk length S (mm) 0.07 005" 50363 47040/554.39 529.55 479.19/597.88 519.96 467.23/606.26
Sagittal trunk decline (°) 0.01* 0107 —129 — 4.96/6.40 — 284 —870/375 —555 —7.67/1.78
Frontal trunk decline (°) 0.26 003" —081 —4.22/273 — 025 — 2.80/2.65 — 049 —3.82/1.22
Axis decline (°) 044 002" —204 —442/263 =097 —542/410 —084 —4.07/2.22
Thoracic bending angle (°) 0.56 001" 1616 6.18/20.22 1549 5.84/27.92 17.15 9.14/21.32
Lumar bending angle (°) 0.71 001" 1171 6.31/18.40 11.14 548/19.21 10.77 7.86/14.47
Standard deviation Lateral devia- 0.60 001" 477 2.12/11.89 471 1.21/10.66 4.55 1.44/11.60
tion (°)
Standard deviation Rotation (°) 0.07 005" 369 1.09/847 3.79 1.40/15.94 222 0.73/849
Kyphosis angle (°) 0.28 003" 5286 35.97/71.59 51.14 32.30/78.58 55.56 37.52/66.87
Lordosis angle (°) 0.31 002" 2796 18.07/39.52 3208 19.29/56.34 3176 19.06/47.54
Pelvis parameter
Pelvic distance (mm) 0.01* 0112 12725 102.83/156.56 124.97 8248/169.19  137.84 113.16/174.12
Pelvic height (°) 0.79 001" —045 —386/1.63  —065 —4.90/4.21 — 040 —2.72/2.51
Pelvic height (mm) 0.79 001" —09 —9.19/4.44 —1.55 —946/1051 —0.84 — 6.70/5.72
Pelvic torsion (°) 0.99 0001" 247 —10.53/593  1.69 —15.99/2061 1.60 —15.90/16.70
Pelvic rotation (°) 0.14 004" —055 —7.03/6.16 091 —852/1402 —0.19 — 6.55/2.56
Shoulder parameter
Scapular distance (mm) 0.01* 0.10% 17493 128.67/205.27 184.57 118.17/233.93 205.72 158.31/248.18
Scapular height (°) 0.69 001" —603 —15.27/1036 —4.05 —19.79/1202 —5.05 —11.32/14.39
Scapular rotation (°) 0.20 003" 040 —3.37/6.71 1.07 —543/8.16 —0.13 — 6.41/6.60
Left scapular angle (°) 0.02* 0087 2994 26.12/35.94 26.31 16.92/51.09 25.83 11.18/71.23
Right scapular angle (°) 0.01* 0092 3170 26.09/57.99  28.08 15.64/50.10  25.04 12.85/34.33
a b
Sport dependent pelvic distance Sport dependent left scapular angle
2N~ -
m] -
= 1601 c 601
£ 1504 =]
8 1401 § 507
3 1304 . 3 0]
g 1201 3 ]
® 1104 z 301
* 100 - 20 ?
90 ]
80- 10-
Gl nosport  G2: 1x/week G3; 2x/week  G4: more often Gl:inosport  G2: 1x/week G3: 2fweek  G4: more often
Sport Sport
Fig. 3 a Significant pair comparison of the pelvis distance indicated physical activity. b Significant group comparison of the left scapular angle
indicated physical activity
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have a hyperkyphosis with a normally pronounced lordo-
sis. At this point, it must be taken into account that the
above-mentioned standard values refer to results taken
from radiological measurement procedures. In contrast,
both in the present study and in further studies by Ohlen-
dorfet al. [9, 10], the body surface of the participants was
recorded via a three-dimensional back scanner (video
raster stereography) [11, 19]. Consequently, the smaller
the body measurements of the participants, the smaller
is the light-irradiated surface. Despite these differences
in procedures, the results of both measurement methods
differ only slightly and are, thus, comparable with each
other under critical evaluation [27, 28].

Compared with the measurement results of the sex-
specific studies of other age groups by Ohlendorf et al.
[9-12], in which healthy men between 18-35 (1 = 102)
years [9] and 41-50 (n = 100) years [10] of age were
examined under the same measurement and evalua-
tion conditions, there is, mostly, congruence. The devia-
tions of all parameters from each other are only slight;
only the kyphosis angle in the younger men is about 7°
lower at 45.85° with an equivalent lordosis angle (30.67°).
Accordingly, the kyphosis for the subjects between 18
and 35 years of age is within the normal range [24-26].
As a possible cause for an increased thoracic kyphosis
in the present subject collective, Roghani et al. [29] state
in their review that age-related factors [30, 31] can not
only lead to hyperkyphosis, but also to degenerative dis-
eases, a genetic disposition and a weakly developed deep
back musculature. The latter factor, as well as constitu-
tional differences in the sense of a higher BMI and, asso-
ciated with it, a wider shoulder (+ 6.22 mm) and pelvic
distance (4 33.74 mm) of the markers are most likely the
cause. The present participants were, on average, 2.11 cm
shorter, 10.36 kg heavier, and had a BMI 3.6 kg/m? higher
than the younger age cohort [9]. Similarly, in a study of
41-50-year-old men [10], the distance between the pel-
vic markers was 34.58 mm less in these participants; this
was also due to the constitutional differences of 0.78 cm
height, 1.36 kg weight, and 0.70 kg/m? BML

BM]I, per se, also has an effect on upper body posture.
From the significant correlations, it can be concluded
that with increasing BMI there is a wider pelvis and also
wider scapula distance. In addition, the right shoulder
angle increases (meaning more caudally located) with
decreasing BMI. As a result, the right shoulder angle
becomes more similar to that of the left shoulder angle as
the BMI decreases. In the group comparison of the three
BMI groups (1) normal, (2) preadipose, and (3) obese, the
same findings emerged. The pelvic distance was larger
in the obese than in the preadipose, just as the shoul-
der blade distance was smaller in the normal weight and
preadipose than in the obese. Considering the results, it
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can be speculated that with increasing BMI, the shoul-
ders of the subjects become wider due to the larger body
surface area. There are also slight differences between the
three BMI groups for the right shoulder position. These
differences can also be seen in the group comparison for
the right shoulder, but only between normal weight and
obese people, with a difference of about 7°. A new finding
is that the pre-adipose men were taller than those of nor-
mal weight, which is randomly due to the sample size of
101 participants of which 12 men were of normal weight.
Furthermore, the obese participants held a stance 4.26°
more anteriorly inclined than the normal weight partici-
pants. Since males with a higher BMI are inclined further
anteriorly (= sagittal trunk inclination; sagittal param-
eter), hypothesis 2 can also be accepted.

Since the present sample is comparatively heavier, but
not necessarily much shorter than other male popula-
tions [21-23], weight rather than height is the decisive
factor in the observed correlations. Consequently, it can
be assumed that as the body weight of the test persons
increases, the body surface increases due to the increased
fat and muscle content and that this, consequently, also
has an effect on the width of the shoulder blades and the
pelvis. In this context, it must be taken into account that
the present measurement procedure is a representation
of the dorsal surface, i.e. the dorsal surface structure.
By means of previously glued landmarks, triangulatory
calculations are then performed. For example, the “pel-
vis distance” and “scapula distance” are based on dis-
tance measurements between the left and right marker.
A stronger stature will result in an increase of these dis-
tances in view of the regular geometric relations between
the dorsal surface and the body shape.

In men, increased body weight often results in an asso-
ciated forward curvature of the abdomen, an anteriorly
shifted center of gravity, an increasing thoracic kyphosis
and also an increasing lumbar lordosis.*? Since the effect
sizes of the correlations with regard to the anamnestic
parameters for body weight and BMI are in the weak
range, this result should be regarded rather as a tendency.
However, why the increased weight in the present sub-
jects is only visible in the thoracic kyphosis area and not
additionally in the lumbar area of the lordosis must be
investigated in future studies and cannot be explained on
the basis of the available data.

Considering the pair comparisons with regard to the
physical activity of the test persons (group 1: rarely/never,
group 2: 1x/week, group 3: 2x/week, group 4: > 2x/week),
it was discovered that subjects without physical activity
had a pelvis that was approximately 10 mm wider than
those participants who undertook physical activity more
than twice a week. Furthermore, the sportier the group,
the more caudally the left shoulder was positioned. A
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more detailed examination revealed that the subjects
who do not exercise were statistically thicker in relation
to their weight (median: 89 kg) than those who exercise
more than twice a week (median: 84 kg). Similarly, the
median BMI was found to decrease with increasing phys-
ical activity. These data confirm the assumption made
above that the distances between the pelvis and shoulder
blades decrease with less body mass. This clearly shows
that there is a correlation between body weight and BMI
in relation to upper body posture, based on the available
results of the study. Consequently, hypothesis 3 has to be
falsified.

When carrying out the three-dimensional measure-
ments of the upper body posture, however, it should
be borne in mind that limitations should be taken into
account. For example, highlighted spots due to singular
light rays or reflective hair accessories (which should be
removed before the scan) can falsify the measurement.
In addition, extensive dark areas, such as large tattoos or
shadows caused by excessive skin folds, can also affect
the measurement process. Apart from that, the measure-
ment of upper body posture was performed in habitual
standing position. It would also be interesting to conduct
an analysis during movement, as incorrect postures could
possibly come to light here. Handedness has also been
left out of this analysis. Since approx. 95% of the partici-
pants were right-handed, handedness was not considered
as an analysis factor. Furthermore, external influences
(occupational environment) were not assessed which
might influence the body posture. Besides, the placing of
the reflective markers must be taken into consideration,
as these can also affect the outcome. However, in this
study, the placing was performed according to a stand-
ardized procedure [13] by trained examiners. A compari-
son of the available data with X-ray images with regard
to possible agreement of selected parameters, such as the
lordosis or kyphosis angle, would allow an intermediate
therapeutic diagnosis without radiological radiation. This
investigation would be desirable, among other things,
with regard to a comparison of measurement systems,
since videorasterstereography only records the super-
ficial structures of the back via light projection [14] and
radiological measurements, as an imaging method, can
depict structures internal to the body. Thus, two com-
pletely divergent methods would have to be compared.
Additionally, the deviation in height and body weight in
our group from other reference values warrants a confir-
mation of our data in further studies.

In summary, we succeeded in generating quantitative
standard reference values of upper body dorsal posture of
a large number of subjectively declared healthy males of
the age group 30-41 years (n= 101) using a non-invasive
measurement method (videorasterstereography) with a
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high (intra- and inter-day) reliability and reproducibility
[14]. Thus, the present results complete the previously
existing data gap in reference values for this age. The
incorporation of the present data into already published
standard reference values of other male age groups [9, 10]
shows congruence. This topic is in line with an important
public health issue of increasing problems in musculo-
skeletal systems due to modern life style.

Conclusion

Within the scope of this observational study on the upper
body posture of men between 31 and 40 years of age in
Germany, it can be concluded that they have a symmetri-
cal body posture which is in line with the axis. Only the
thoracic kyphosis is more pronounced than in younger
or older men, which, in comparison, can be attributed
to a larger BMI or more body weight and, thus, more
upper body fat. This can be confirmed by the fact that the
shoulder and pelvic distance correlates with athleticism,
according to which these distances are smaller in more
athletically active men of this age group.
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