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Comparison between
rasterstereographic scan and
orthopedic examination for
posture assessment. an
observational study
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Petra Jansen’

'Department of Sports Sciences, University of Regensburg, Regensburg, Germany, ?Regensburg
University Medical Centre, Asklepios Klinikum, Bad Abbach, Germany

Background: Although the relationship between posture and back pain is still
under debate, the potential role of body alignment highlights the importance
of postural assessment in the health sector. Despite growing concern about
musculoskeletal issues, there remains a lack of consensus on effective
methods for detecting postural anomalies.

Methods: This observational study compared postural assessments conducted
by orthopedic specialists with those obtained through rasterstereographical
spine scans using the DIERS formetric system. Fifty-four children from the
third grade (mean age 9.4 years) underwent both assessments, allowing for a
comprehensive examination of orthopedic abnormalities. Statistical analysis,
including McNemar tests, was employed to compare the results of the
assessments and evaluate potential discrepancies.

Results: The comparison between the orthopedic examination and the DIERS
scan revealed significant differences in assessing trunk imbalance (p <0.001),
thoracic kyphosis (p <0.001), and lumbar lordosis (p < 0.001). Additionally, the
study identified a high prevalence of orthopedic abnormalities, with 79.6% of
the examined children exhibiting at least one issue in the orthopedic visual
assessment.

Conclusions: The study highlights the divergence between orthopedic
evaluations and DIERS scans, emphasizing the challenges in achieving
consistent postural assessments. The static analysis provided by the DIERS
system, which quantifies posture in angles and distances, contrasts with the
dynamic, functionality-focused approach of orthopedic examinations. The
findings raise questions about the practicality and significance of integrating
rasterstereography into routine pediatric orthopedic practice. The results
underscore the complexity of postural evaluations and advocate for a
comprehensive approach to address the multifaceted nature of back health in
children.
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postural abnormalities, orthopedic examination, rasterstereography, postural
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1 Introduction

Upright posture is vital for physical health. Back problems,
such as musculoskeletal issues, are widespread, leading to
substantial healthcare costs (1). Among the younger population,
this is already a significant concern. According to a survey by the
German health insurance company DAK, 43% of students
reported suffering from back pain, and 20% experienced it
weekly (2). Additionally, the second wave of the German Health
Interview and Examination Survey for Children and Adolescents
(KiGGs), conducted from 2014 to 2017, showed a significant
increase in the 3-month prevalence of back pain compared to the
first wave of the survey from 2003 to 2006 (3). The prevalence of
back pain increases as children grow older, reaching rates similar
to those of adults (1, 4, 5). Postural abnormalities are also
frequent during childhood (6, 7). While it is widely assumed that
these abnormalities are connected to back pain, this has not been
conclusively established. Studies have yielded mixed results
regarding the relationship between body posture and back or
neck pain, with some literature stating no such connection (8, 9).
In children, poor posture was connected to headache and spinal
pain in an observation in the Czech Republic (10). In females,
pelvic position may contribute to the development of severe back
pain (11). In addition, poor postural patterns may lead to
reduced strength and endurance in the muscles that stabilize the
spine (12), which could be a predictor for low back pain, as
suggested by various studies (13, 14). Moreover, body posture
has been found to predict hand, neck, and shoulder pain in a
work setting (15, 16), while forward head posture also connects
to neck pain in adults (16). In elderly populations, changed
postural alignment has been associated with knee pain (17) and
increased risk of falling in elderly females (18). Despite the
unclear nature and mechanisms of the connection, postural
analysis remains crucial in the health sector. Early identification
of postural abnormalities is essential to prevent potential issues
arising from these defects (19, 20).

Various evaluation methods, including x-rays, 3D MRI, spine
scans, mobile applications, and orthopedic examinations, assess
posture and identify orthopedic abnormalities (21-26). These
technological assessment methods aim to reduce errors and
optimize efficiency (27). By minimizing errors and ensuring high
reproducibility, these assessment protocols should also be suitable
for clinical and scientific applications (24).

The rasterstereography method is used to conduct spine scans.
In this assessment, a light strip pattern is projected onto the back
surface and captured by a camera. The software analyzes the line
curvatures and employs photogrammetry to create a three-
dimensional image of the back surface. Additionally, the 3D
coordinates of the spine are calculated from specific landmarks
(28).
Rasterstereography presents a valid and reliable analysis method

using triangulation and are digitally displayed
for assessing the back surface and spinal parameters (29). This
static analysis of various postural parameters quantifies posture
regarding angles and distances (30). However, opinions are
mixed regarding its potential to replace x-rays and reduce the

need for repeated radiographs in high-precision posture analysis

Frontiers in Surgery

10.3389/fsurg.2024.1461569

required to verify or monitor the progression of spinal
deformities such as scoliosis (31-33). Some studies have shown
variability between scans, possibly due to different positioning,
breathing, or postural sway (29, 30, 34, 35). Additionally,
Schroeder et al. (35) suggest that differences in soft tissue
structure may influence the evaluation, particularly the
positioning of landmarks used to assess pelvic position (34).
Traditional assessments performed by physicians are also
widespread. In routine medical practice, initial assessments are
conducted through visual evaluation, relying on the examiner’s
(36).

specialists have shown high specificity for the early detection of

experience Musculoskeletal evaluations by orthopedic
abnormalities (37). These examinations assess many areas of the
spine and lower extremities for their function, including spinal
rotation, lateral inclination, and gait analysis. Such movements
are integral to everyday life and allow the examiner to assess
limitations in postural function. This is especially important as
many back issues cannot be attributed to one specific anatomical
abnormality in the spine (38). Some studies suggest a reduction
in measurement reliability in lengthy assessments directly
involving the subject, as in orthopedic examinations (39). This
suggests that factors influencing orthopedic assessments may
affect the subject and the examiner. While orthopedic knowledge
is crucial for evaluating postural functionality, rater bias
significantly influences posture assessments (40). Various studies
have examined factors influencing the assessments of medical
practitioners over time (41, 42). However, manual posture
assessments by the same evaluator have proved reliable (43).
Repeated exams by the same specialist allow the use of
knowledge gained in previous exams to identify causes or
propose treatments for detected issues (44). In children, this
could include knowledge about the patient’s growth, which can
influence posture due to changes in body proportions (45).

Factors influencing the posture assessment conducted by
orthopedic specialists may not necessarily affect more objective
measurements, such as those obtained from the DIERS scan based
on rasterstereography. Although the higher objectivity of
rasterstereography supports its use for posture analysis, its
application in everyday clinical practice is limited. According to
Ludwig et al. (36), this method is rarely employed in many areas
due to the high acquisition costs of the technological systems.
Other research teams also scrutinize the benefit-cost relationship of
rasterstereographical scans in everyday practice (46). Additionally,
in clinical practice, objectively measured data still need to be
interpreted by a specialist, thereby raising the dependence on the
examiner’s experience and the potential for rater bias.

There has been no direct comparison of postural assessment
between visual orthopedic examinations and more technical
diagnostic instruments, especially in young subjects. Therefore,
this study aims to compare the postural assessment conducted by
with  that
rasterstereographical spine scan in elementary school children.

an  orthopedic  specialist provided by a
Given the various factors that could influence the examiner’s
observations and the high objectivity of rasterstereographical
scans, we anticipate differences in results, with the DIERS scan

potentially identifying more orthopedic abnormalities.
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2 Methods
2.1 Participants

The study was designed as an observational study. The study
protocol was submitted in advance to the Ethics Committee of
the University of Regensburg and received a favorable vote (No.
18-981-101). One hundred twenty children (the entire 3rd grade
of the local primary school) were invited to participate in the
study. The school was chosen due to its proximity to the
examination site. Due to logistical and staffing constraints, the
number of cases was limited to 60 children. Therefore, only the
third grade was invited to participate to get a more homogenous
sample (120 children total). The study management contacted
parents who returned the invitation section with contact details,
and appointments were scheduled at the Orthopedic Outpatient
Clinic. There was no further selection from the potential
participants after the invitation.

In the end, 54 children were examined, comprising 28 girls and
26 boys. Demographic characteristics of the patients are presented
in Supplementary Table S1. Inclusion criteria were attendance in
the third grade of the local Primary School, absence of acute
illnesses or pain on the day of the examination, and a completed
and signed consent form. None of the 54 willing participants had
to be excluded.

2.2 Examination of the posture

The examination took place at the Orthopedic Outpatient Clinic.
Upon arrival, parents were greeted with the information sheet and
consent form. The medical examination and spinal measurements
were conducted following the initial administrative steps.

2.2.1 Orthopedic examination

The visual orthopedic examination, conducted by a specialist
physician in orthopedics and traumatology and a senior
physician in pediatric orthopedics, encompassed various
assessments. From behind, the specialist inspected the back for
abnormalities such as shoulder tilt, scapula winging, waist
triangles, rib protrusion, possible lumbar bulge assessed through
Adam’s test, leg position

measurement of the intercondylar and intermalleolar distances,

forward bend including the
foot position, and other irregularities. The sagittal view allowed
documentation of the curvatures of the cervical, thoracic, and
lumbar spine; frontal inspection involved assessing the shape of
the thorax and gait. In the standing position, the physical
examination covered single-leg stance, toe walk, heel walk, spinal
tapping pain, kidney tapping pain, sacroiliac joint pressure pain,
pelvic position, paravertebral muscle tone increase, muscle tone
increases in the musculus trapezius, functionality of spinal
rotation, lateral flexion of the spine and spinal extension, plumb
line deviation, shoulder mobility, and finger-to-floor distance.
The latter was measured as the distance between the floor, and
fingertips were measured during maximum forward bending,
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with the knees kept straight. Therefore, no negative score was
possible even with good flexibility, as the minimal score was
zero. In the supine position, assessments included hip mobility,
popliteal angle, which is a measure of the elasticity of the
ischiocrural muscle (47), difference in leg length, muscle
shortening of the musculus Quadrizeps femoris, its strength
capabilities, and the Lasegue test (48).

After the examination, the doctor inquired about the presence
of pain, its localization, if applicable, pain intensity (classified on a
Visual Analogue Scale, VAS), and its triggers.

2.2.2 Examination by video rasterstereography
The back scan was conducted using the DIERS formetric

which

rasterstereography for postural analysis. This system has been

system (Schlangenbad, Germany), employs video

scientifically validated and is often used for
analysis (30, 34, 49, 50).

Five retroreflective adhesive markers (diameter 6 mm) were
affixed to the children’s unclothed backs to perform the back

measurement, ensuring clear visibility of the course of the

postural

spinous processes. The posture was then measured in a relaxed,
familiar position. The software utilizes various back and pelvis
landmarks, along with these markers, to calculate parameters that
quantify the posture and course of the spine. Parameters such as
trunk inclination, trunk imbalance, pelvic tilt, pelvic torsion,
kyphotic and lordotic angles, surface rotation, and lateral
deviation are of particular interest. The postural parameters
assessed with the DIERS formetric scan are described in detail in
the Supplementary Table S2.

The postural measurements were then compared with reference
values (51) to distinguish between normal and abnormal postural
parameters. These values were derived from a study that
conducted spinal scans with the formetric system in 497 fifth-
grade school children in Germany. While alternative reference
values for postural parameters exist (52, 53), these were assessed
in adolescent and adult samples. Given that some posture
parameters change with age (54), these references were not
chosen for comparison in our young sample. Other existing
reference values do not distinguish between normal and
abnormal values; they provide only mean values for the
measured postural parameters (55). Furthermore, the chosen
values are cross-referenced within the software and manual of
the DIERS system employed in this study, highlighting their
suitability for comparison.

2.2.3 Comparison between both examinations
Various posture parameters were examined in orthopedic
evaluations and spine scan using the DIERS formetric system.
The examination results for trunk imbalance and pelvic tilt can
be directly compared in this process. Additionally, parameters
about the
curvature of the spine are examined in both assessments.

providing information kyphosis and lordosis
Figure 1 depicts which postural parameters were compared.
The shown figures are taken from the DIERS formetric 4D
website with permission (56). The orthopedic specialist also

assessed the same postural parameters.
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Trunk imbalance VP-DM (°):
The trunkimbalance is defined as the
lateral deviation of VP from DM.

A positive value means that VP is
shifted to the right, a negative value
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FIGURE 1

The four postural parameters compared between the two assessment methods. Reprinted from the DIERS formetric 4D website with permission (56).

Pelvic tilt DL-DR(°)

The pelvic tilt refers to a difference in height of
the lumbar dimples, based on a horizontal
plane (transverse section). DR is higher than
DL ifthe angle is positive.

.

‘(. inflectional point(ICT)
3 kyphotic angle ICT-ITL (max)

3

X 4 This is the maximum kyphotic
angle, measured between the
surface tangents of the upper
inflection point ICT in the
. vicinity of the VP and the
thoracic-lumbar inflection
pointITL.

2.3 Statistical analysis

The statistical analysis was conducted using IBM SPSS Statistics
29 (IBM Inc., Chicago, IL, USA). Descriptive analyses were
performed to determine incidences, mean values, standard
deviations (SD), and range. The level of significance was set at p
<0.05. McNemar tests were conducted for each of the compared
parameters to analyze the divergent evaluations made by the
orthopedist and the DIERS-scan. This test is widely used to
compare different diagnostic methods in paired samples with
dichotomous observations, such as normal vs. abnormal, as
assessed in the conducted posture evaluations and also if there is
a relationship between the variable of interest (57). The
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examining orthopedic directly recorded the results of the
assessments on an anonymized pen-and-paper examination form.
These data were then compiled into an SPSS spreadsheet, along
with the data exported from the formetric system.

3 Results

3.1 Abnormalities diagnosed by the
orthopedic

The prevalence of different orthopedic abnormalities observed
in the visual orthopedic examination is shown in Table 1.
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TABLE 1 Prevalence of orthopedic abnormalities in the visual orthopedic
assessment.

Yes (N=,%=) No (N=,%=)
Any orthopedic abnormality 43 (79.6%) 11 (20.4%)
Shoulder abnormalities 14 (25.9%) 40 (74.1%)
Upper body and spine abnormalities 20 (37.0%) 34 (63.0%)
Lower extremity abnormalities 27 (50.0%) 27 (50.0%)
Muscular abnormalities 15 (27.8%) 39 (72.2%)
Pain 5 (9.3%) 49 (90.7%)

Eleven (20.4%) of the 54 examined children showed no
postural abnormalities in the visual orthopedic exam. Among
the remaining 43 (79.6%) children, at least one of the
The orthopedic
abnormalities were retrospectively categorized into different

affected body
Abnormalities in the

examined characteristics was noticeable.

depending on the (see
Table S3).

extremities were the most frequently examined; half (50.0%) of

groups, region

Supplementary lower
the sample displayed abnormalities in this area, which
includes all issues related to the hips, legs, or feet. The
assessment of pelvic tilt is included in this section, with one
child (1.9%) having a noticeable pelvic position.

The second most prominent area of issues was the upper body,
with 20 children (37.0%) displaying abnormalities. Most observed
characteristics in this category were related to the shape and
functionality of the spine, as it is a crucial part of the upper
body concerning posture. Among other things, abnormalities in
the compared parameters included trunk imbalance (0 children,
0%), thoracic kyphosis (2 children, 3.7%), and lumbar lordosis
(1 child, 1.9%).

Fifteen children (27.8%) exhibited muscular abnormalities
related to tension and shortening during the assessment. Only
five children (9.3%) reported pain in response to various
percussion tests or acute back pain.

In the measured clinical-orthopedic parameters, the mean
popliteal angle was 11.8° on the right and 11.7° on the left. The
mean finger-to-floor distance was 3.8 cm. Abnormalities in the
leg axis were detected in only seven children (13%). The mean
intercondylar and intermalleolar distances were 0.1 cm and
0.4 cm, respectively.

3.2 Abnormalities diagnosed by
rasterstereography

The values assessed with the rasterstereography method are
presented in Table 2.

As the direction of a possible deviation is interesting for this
study, the magnitude of variances is reported for parameters with
negative and positive values. A zero value indicates a balanced
posture and is the goal. Some children showed perfect or near-
perfect values in trunk inclination, trunk imbalance, pelvic tilt,
and pelvic torsion. The lowest assessed magnitude for maximum
lateral deviation was 2.5 mm. There were also children with high
values for each parameter, resulting in a broad range.
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TABLE 2 Measured parameters of the DIERS scan.

Mean | SD | Range
Magnitude of trunk inclination [°] 2.4 1.9 0.2-8.8
Magnitude of trunk imbalance [mm] 7.5 8.1 0-23.4
Magnitude of pelvic tilt [mm] 35 3.0 0-15.0
Magnitude of pelvic torsion [°] 2.5 1.5 0-6.3
Kyphotic angle [°] 422 9.1 22.4-63.0
Lordotic Angle [°] 36.8 7.5 23.8-57.2
RMS Surface rotation [°] 43 3.0 1.0-15.6
Surface rotation amplitude [°] 9.0 3.8 2.9-22.8
RMS lateral deviation [mm)] 4.0 2.1 1.2-11.8
Magnitude of maximum lateral deviation [mm] 7.2 3.1 2.5-18.1
RMS, root mean square.
TABLE 3 Posture rating according to reference values (51).
Reference Abnormality

value assessed
Trunk inclination [°] 0-3 9 (16.7%)
Trunk imbalance [mm] —10-10 17 (31.5%)
Pelvic tilt [mm] —10-10 1 (1.9%)
Pelvic torsion [°] —-3-3 18 (33.3%)
Kyphotic angle [°] 45-55 43 (79.6%)
Lordotic angle [°] Boys: 32-37 42 (77.8%)

Girls: 40-45

RMS surface rotation [°] 0-5 15 (27.8%)
Surface rotation amplitude —8-8 30 (55.6%)
[°]
RMS lateral deviation [mm] 0-5 4 (7.4%)
Maximum lateral deviation —10-10 6 (11.1%)
[mm]

For surface rotation, the mean amplitude was 9.0°, and the mean
rms surface rotation was 4.3°. The mean values for the kyphotic and
lordotic angles, describing the spinal curvature, were 42.2° and 36.8°,
respectively. The mean rms lateral deviation was 4.0 mm.

Table 3 displays the count of identified abnormalities in the
postural measurements, assessed by the reference values. One
(1.9%) child postural abnormality in the
rasterstereographical scan.

showed no

3.3 Comparison between both
measurements

Table 4 depicts the different ratings of the compared postural
parameters. The percentage refers to the share of the whole sample
in which the ratings differed or only one assessment method found

an abnormality. The statistical power and the effect size are also
presented. The effect size w was calculated according to Steyn (58).

4 Discussion
4.1 Differences in postural assessment

Assessing the mentioned postural abnormalities with different
methods resulted in divergent results. We can only speculate about

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1461569
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Weigel et al.

10.3389/fsurg.2024.1461569

TABLE 4 Difference in postural assessments between orthopedic assessment and rasterstereographical scan.

Postural Diverging Abnormality found Abnormality found only in Significance Effect @ Statistical
parameter ratings only in orthopedic rasterstereographical scan level of size power

(N=,% =) assessment N =.,% =) difference

(N=,% =)

Trunk imbalance 17 (31.5%) 0 (0%) 17 (31.5%) p<0.001 0.94° 0.79
Pelvic tilt 2 (3.7%) 1 (1.9%) 1 (1.9%) p>0.05 0 0
Thoracic kyphosis | 41 (75.9%) 2 (3.7%) 39 (72.2%) p<0.001 0.88" >0.99
Lumbar lordosis 38 (70.4%) 1 (1.9%) 37 (68.5%) p<0.001 0.94° 0.99

“This indicates a large effect according to (58).

the reasons. One reason might be the influence of posture during
the test. The orthopedic examination was done by two senior
orthopedic practitioners, whose experience reduces a possible
variability in the examination. However, the raster stereography
was interpreted by a sports scientist with less experience than the
orthopedic examiners. In the study with adults, the reliability of
the DIERS System is good (22).

These diverse assessment criteria restrict the direct comparison to
only a few parameters. The assessment of spinal curvature revealed the
highest difference in ratings, with over 60% differences in the
evaluation of kyphosis and lordosis. This dissimilarity can be
attributed to the distinct nature of each assessment method. Studies
indicate that lumbar angles vary in different positions (59). This
phenomenon was also noted in various postural parameters when
transitioning from a habitual to an active posture in a sample of
(60).
participants were instructed to assume a relaxed, normal standing

male adolescents In both assessments in our study,
position. However, slight variations in posture could lead to
different measurements and ratings, potentially contributing to the
high rate of disagreement in these assessments.

Furthermore, the importance of precise placement and correct
positioning in examinations using the DIERS formetric system is
emphasized (30) to obtain accurately and correctly measured
postural parameters. Slightly differing placements could also
account for some differing measurements. For this, it is
important to implement quality control. The DIERS system’s
scientists must establish a learning curve while performing the
diagnostic, which has shown to reduce variances between
repeated raterstereographic scans (30). This learning curve must
be monitored. For this, a longer practice with rasterstereography
is necessary, especially in pediatric orthopedics, where the
children might show more variability. Only a few studies support
the validity of rasterstereography in detecting spinal disorders. A
small number of participants limits most and they focus only on
adolescent idiopathic scoliosis, neglecting other abnormalities
(33). Some research teams believe that, when executed with
precision, this method facilitates rapid and non-invasive data
collection, making it appropriate for the initial assessment of
postural abnormalities (27, 30). A meta-analysis demonstrated
high validity and reliability for the postural parameters of lumbar
lordosis and thoracic kyphosis—both assessed and compared in
our study—when comparing a DIERS scan to the gold x-ray
standard (61). The rasterstereographic scan using the Formetric
system demonstrated high sensitivity and good specificity in
assessing postural abnormalities when applying the reference

Frontiers in Surgery

values described in the study conducted by Harzmann (51),
which emphasized the importance of having an experienced
diagnostician conduct the scan. However, since no comparison
was made with the gold standard of x-rays, it was impossible to
calculate sensitivity and specificity in our study. In contrast,
other authors have described these reference intervals as too
narrow, suggesting a broader spectrum of values should be
considered normal, particularly regarding kyphotic and lordotic
angles (62, 63). This strict classification could potentially result
in healthy children being diagnosed with postural abnormalities,
leading to false positives in the rasterstereographic scan.

Given that most of the abnormalities identified by the DIERS
scan were close to the reference ranges, this could explain the
high number of abnormalities detected by the Formetric system.
Expanding the reference frame by 50% of the original width in
both directions reveals many elevated values within these
extended boundary areas. For trunk imbalance, 14 of the 17
assessed abnormalities are within 10 mm of the reference
borders. Similar trends are observed for the lordotic and
kyphotic angles, where 14 of 42 and 16 of 43 findings are
relatively close outside the used reference values, respectively.
When applying the widened reference interval for spinal angles,
13 children (24.1%) showed normal values, compared to only 2
children (3.7%) when classified using the narrower reference
range. Many of these cases, with values near the border of the
normal range, were simultaneously assessed as medically
unremarkable by the orthopedic examiner. For trunk imbalance,
this applies to all 14 children. For the lordotic angle in these
border areas, 12 cases were not seen as striking in the visual
observation, and for the kyphotic angle, 14 cases were not
considered abnormal.

In contrast to the spine scan, orthopedic practitioners can
integrate their knowledge about abnormal postural patterns
during the assessment (64). This integration becomes evident in
the form of rating abnormalities that might not be detected
during the brief assessment in the scanner. Simulated postures
can greatly impact the short observation duration in the
rasterstereographical scan, even if they occur subconsciously.
However, the child’s genuine standing posture during the
orthopedic visual assessment may be incorporated into the
specialist’s rating.

The whether  the
rasterstereography in daily pediatric orthopedic practice is both

question  arises application  of

practical and meaningful, or if the conventional approach of

functionality-focused ~ postural =~ assessments conducted by
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orthopedic specialists or pediatricians suffices. Another method to
analyze the posture more indirectly by load distribution on the feet
and gait dynamics is the use of baropodometry. For example, in a
pilot study with children suffering from scoliosis, it has been shown
that they have different loading patterns than children from a
healthy control group (65).

4.2 Found orthopedic abnormalities

The elevated prevalence of orthopedic abnormalities identified
through both assessment methods corresponds with findings
from other studies, highlighting many postural issues in children
(6, 10, 66). The mean popliteal angle was lower in the observed
sample compared to the results of other studies, which report
mean values around 25° in children this age group. The observed
children, therefore, showed a higher hamstring flexibility than the
reference groups (67, 68). The measured intercondylar and
intermalleolar distances are low, as the literature suggests a
classification as abnormal when distances are more than 5cm
and 7 cm, respectively (69).
identified
abnormalities as reliable indicators of future issues. Various

However, challenges arise when interpreting
studies on changes in posture throughout childhood and

adolescence  present divergent results, indicating either
preconditions for future postural problems or normal side effects

of different growth phases (6, 55, 70, 71).

4.3 Limitations

One limitation of this study is the small sample size of 54
participants, due to logistical and personnel constraints. The
non-mobile examination technique necessitated that the selected
school be close to the examination site. Additionally, the limited
number of postural parameters available for comparison is
another constraint, arising from the differing focus points of the
two evaluation methods. Specifically, the standard postural
examination conducted by the orthopedic examiner at the clinic
influenced the parameters available for comparison.

4.4 Conclusion

Orthopedic, postural assessments and rasterstereographical
spine scans presented divergent results, with spine scans
in the
parameters. This raises questions about the choice of general

identifying more postural abnormalities compared
practice and the cost-benefit ratio of different methods in
pediatric postural assessment. Influencing factors can occur in
both methods during observations or the interpretation of the
results. Visual orthopedic assessments offer a quick and cost-
efficient observation of posture. The reliance on the examiner
can be positive, as experience-based evaluation can enhance the
assessment. However, this also results in more subjective

interpretations and potential rater bias. Conversely, even the
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objective data from spine scans are interpreted by human
practitioners, introducing possible subjective influencing factors.
Regardless of the parameters compared, the prevalence of
orthopedic abnormalities in children was high in both methods,
consistent with existing literature. The interpretation of these
findings remains disputed, whether as normal byproducts of
growth phases or as indicators of future postural problems.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee of the University of Regensburg. The studies were
accordance with the local
Written

participation in this study was provided by the participants’ legal

conducted in legislation and

institutional requirements. informed consent for

guardians/next of kin.

Author contributions

SW: Writing — original draft, Writing - review & editing. SD:
Methodology,
original draft, Writing - review & editing. JG: Supervision,

Conceptualization, Data curation, Writing -
Writing - original draft, Writing - review & editing. PJ:
Methodology,

Supervision, Writing - original draft, Writing — review & editing.

Conceptualization, Project  administration,

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1461569
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Weigel et al.

their affiliated organizations, or those of the publisher,
the editors and the
be evaluated in this article, or claim that may be made

reviewers. Any product that may

by its manufacturer, is not guaranteed or endorsed by
the publisher.

References

1. WIdO. Gesundheitsatlas Deutschland: Riickenschmerzen Verbreitung in der
Bevilkerung Deutschlands Ursachen. Berlin: Folgen und Priventionsmaéglichkeiten
(2023).

2. Greiner W, Batram M, Damm O, Scholz S, Witte J. Gesundheitsversorgung von
kindern und jugendlichen in deutschland: schwerpunkt: familiengesundheit. In: Storm
A, editor. Beitrige zur Gesundheitsokonomie und Versorgunsforschung: Kinder- und
Jugendreport 2018. Heidelberg: Medhochzwei. (2018). 23.

3. Krause L, Saraganas G, Thamm R, Neuhauser H. Kopf-, Bauch- und
Riickenschmerzen bei Kindern und Jugendlichen in Deutschland : Ergebnisse aus
KiGGS Welle 2 und Trends. Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. (2019) 62(10):1184-94. doi: 10.1007/s00103-019-03007-8

4. Greiner W, Witte J, Batram M, Dankhoff M, Hasemann L. In: Storm A, editor.
DAK Kinder- und Jugendreport 2021: Gesundheitsversorgung von Kindern und
Jugendlichen in  Deutschland. ~ Schwerpunkt: ~ Suchterkrankungen. Heidelberg:
Medhochzwei Verlag, Beitrage zur Gesundheitsokonomie und
Versorgungsforschung, (2021). 36.

5. MacDonald J, Stuart E, Rodenberg R. Musculoskeletal low back pain in school-
aged children: a review. JAMA Pediatr. (2017) 171(3):280-7. doi: 10.1001/
jamapediatrics.2016.3334

6. Batistio MV, Moreira RDFC, Coury HJCG, Salasar LEB, Sato TDO. Prevalence of
postural deviations and associated factors in children and adolescents: a cross-sectional
study. Fisioter Mov. (2016) 29(4):777-86. doi: 10.1590/1980-5918.029.004.A014

7. Wilcezynski J, Lipinska-Staniczak M, Wilczynski I. Body posture defects and body
composition in school-age children. Children (Basel, Switzerland). (2020) 7(11):204.
doi: 10.3390/children7110204

8. Kripa S, Kaur H. Identifying relations between posture and pain in lower back
pain patients: a narrative review. Bull Fac Phys Ther. (2021) 26:1. doi: 10.1186/
543161-021-00052-w

9. Martinez-Merinero P, Nufiez-Nagy S, Achalandabaso-Ochoa A, Fernandez-
Matias R, Pecos-Martin D, Gallego-Izquierdo T. Relationship between forward head
posture and tissue mechanosensitivity: a cross-sectional study. J Clin Med. (2020) 9
(3):634. doi: 10.3390/jcm9030634

10. Kratenova J, Zejglicovd K, Maly M, Filipovd V. Prevalence and risk factors of
poor posture in school children in the Czech republic. J Sch Health. (2007) 77
(3):131-7. doi: 10.1111/j.1746-1561.2007.00182.x

11. Araujo F, Lucas R, Alegrete N, Azevedo A, Barros H. Sagittal standing posture,
back pain, and quality of life among adults from the general population: a sex-specific
association. Spine. (2014) 39(13):E782-94. doi: 10.1097/BRS.0000000000000347

12. Dima C, Mitoiu B, Nartea R, Dima V, Mirea A. Hyperkyphotic posture among
adolescents—still a public health problem. Rom J Pediatr. (2022) 71(2):51-60. doi: 10.
37897/RJP.2022.2.6

13. Hamberg-van Reenen HH, Ariéns GAM, Blatter BM, Twisk JWR, van Mechelen
W, Bongers PM. Physical capacity in relation to low back, neck, or shoulder pain in a
working population. Occup Environ Med. (2006) 63(6):371-7. doi: 10.1136/0em.2006.
026914

14. Heneweer H, Picavet HSJ, Staes F, Kiers H, Vanhees L. Physical fitness, rather
than self-reported physical activities, is more strongly associated with low back
pain: evidence from a working population. Eur Spine J. (2012) 21(7):1265-72.
doi: 10.1007/s00586-011-2097-7

15. Arefian M, Raeesi F, Hadianfard M. Prevalence of work-related musculoskeletal
pains and their association with body posture, work-related stress, mental prevalence
of work-related musculoskeletal pains and their association with body posture, work-
related stress, mental health, and psychological flexibility among the employees of an
industrial company. Iran ] Ergon. (2023) 11(3):168-78.

16. Mahmoud NF, Hassan KA, Abdelmajeed SF, Moustafa IM, Silva AG. The
relationship between forward head posture and neck pain: a systematic review and
meta-analysis. Curr Rev Musculoskelet Med. (2019) 12(4):562-77. doi: 10.1007/
s12178-019-09594-y

17. Tsuji T, Matsuyama Y, Goto M, Yimin Y, Sato K, Hasegawa Y, et al. Knee-spine
syndrome: correlation between sacral inclination and patellofemoral joint pain.
J Orthop Sci. (2002) 7(5):519-23. doi: 10.1007/s007760200092

Frontiers in Surgery

10.3389/fsurg.2024.1461569

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.2024.

1461569/full#supplementary-material

18. Balzini L, Vannucchi L, Benvenuti F, Benucci M, Monni M, Cappozzo A, et al.
Clinical characteristics of flexed posture in elderly women. ] Am Geriatr Soc. (2003) 51
(10):1419-26. doi: 10.1046/j.1532-5415.2003.51460.x

19. Liebenson C. Postural correction. ] Bodyw Mov Ther. (2008) 12(4):318-9.
doi: 10.1016/j.jbmt.2008.06.010

20. Wallden M. The neutral spine principle. ] Bodyw Mov Ther. (2009) 13
(4):350-61. doi: 10.1016/j.jbmt.2009.07.006

21. Brzgk A, Knapik A, Soltys ], Gallert-Kopyto W, Famuta-Waz A, Plinta R. Body
posture and physical activity in children diagnosed with asthma and allergies
symptoms: a report from randomized observational studies. Medicine (Baltimore).
(2019) 98(7):e14449. doi: 10.1097/MD.0000000000014449

22. Degenhardt BF, Starks Z, Bhatia S. Reliability of the DIERS formetric 4D spine
shape parameters in adults without postural deformities. BioMed Res Int. (2020)
2020:1796247. doi: 10.1155/2020/1796247

23. do Rosério JL. Biomechanical assessment of human posture: a literature review.
] Bodyw Mov Ther. (2014) 18(3):368-73. doi: 10.1016/j.jbmt.2013.11.018

24. do Rosirio JL. Photographic analysis of human posture: a literature review.
J Bodyw Mov Ther. (2014) 18(1):56-61. doi: 10.1016/j.jbmt.2013.05.008

25. Moreira R, Teles A, Fialho R, Baluz R, Santos TC, Goulart-Filho R, et al. Mobile
applications for assessing human posture: a systematic literature review. Electronics
(Basel). (2020) 9(8):1196. doi: 10.3390/electronics9081196

26. Sukadarin EH, Deros BM, Ghani JA, Mohd Nawi NS, Ismail AR. Postural
assessment in pen-and-paper-based observational methods and their associated
health effects: a review. Int J Occup Saf Ergon. (2016) 22(3):389-98. doi: 10.1080/
10803548.2016.1156924

27. Roggio F, Ravalli S, Maugeri G, Bianco A, Palma A, Di Rosa M, et al.
Technological advancements in the analysis of human motion and posture
management through digital devices. World ] Orthop. (2021) 12(7):467-84. doi: 10.
5312/wjo.v12.i7.467

28. Drerup B. Rasterstereographic measurement of scoliotic deformity. Scoliosis.
(2014) 9(1):22. doi: 10.1186/s13013-014-0022-7

29. Guidetti L, Bonavolonta V, Tito A, Reis VM, Gallotta MC, Baldari C. Intra- and
interday reliability of spine rasterstereography. BioMed Res Int. (2013) 2013:745480.
doi: 10.1155/2013/745480

30. Lason G, Peeters L, Vandenberghe K, Byttebier G, Comhaire F. Reassessing the
accuracy and reproducibility of DIERS formetric measurements in healthy volunteers.
Int ] Osteopath Med. (2015) 18(4):247-54. doi: 10.1016/j.ijosm.2015.04.002

31. Bassani T, Stucovitz E, Galbusera F, Brayda-Bruno M. Is rasterstereography a
valid noninvasive method for the screening of juvenile and adolescent idiopathic
scoliosis? Eur Spine J. (2019) 28(3):526-35. doi: 10.1007/s00586-018-05876-0

32. Mohokum M, Schiilein S, Skwara A. The validity of rasterstereography: a
systematic review. Orthop Rev. (2015) 7(3):5899. doi: 10.4081/0r.2015.5899

33. Wanke-Jellinek L, Heese O, Krenauer A, Wiirtinger C, Siepe CJ, Wiechert K,
et al. Is there any use? Validity of 4D rasterstereography compared to EOS 3D x-
ray imaging in patients with degenerative disk disease. Eur Spine J. (2019) 28
(9):2162-8. doi: 10.1007/500586-019-06082-2

34. Degenhardt B, Starks Z, Bhatia S, Franklin GA. Appraisal of the DIERS method
for calculating postural measurements: an observational study. Scoliosis Spinal Disord.
(2017) 12:28. doi: 10.1186/s13013-017-0134-y

35. Schroeder J, Reer R, Braumann KM. Video raster stereography back shape
reconstruction: a reliability study for sagittal, frontal, and transversal plane
parameters. Eur Spine J. (2015) 24(2):262-9. doi: 10.1007/s00586-014-3664-5

36. Ludwig O, Dindorf C, Kelm J, Simon S, Nimmrichter F, Frohlich M. Reference
values for sagittal clinical posture assessment in people aged 10 to 69 years. Int
J Environ Res Public Health. (2023) 20(5):4131. doi: 10.3390/ijerph20054131

37. Scaturro D, de Sire A, Terrana P, Costantino C, Lauricella L, Sannasardo CA,
et al. Adolescent idiopathic scoliosis screening: could a school-based assessment
protocol be useful for an early diagnosis? J Back Musculoskelet Rehabil. (2021) 34
(2):301-6. doi: 10.3233/BMR-200215

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fsurg.2024.1461569/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1461569/full#supplementary-material
https://doi.org/10.1007/s00103-019-03007-8
https://doi.org/10.1001/jamapediatrics.2016.3334
https://doi.org/10.1001/jamapediatrics.2016.3334
https://doi.org/10.1590/1980-5918.029.004.AO14
https://doi.org/10.3390/children7110204
https://doi.org/10.1186/s43161-021-00052-w
https://doi.org/10.1186/s43161-021-00052-w
https://doi.org/10.3390/jcm9030634
https://doi.org/10.1111/j.1746-1561.2007.00182.x
https://doi.org/10.1097/BRS.0000000000000347
https://doi.org/10.37897/RJP.2022.2.6
https://doi.org/10.37897/RJP.2022.2.6
https://doi.org/10.1136/oem.2006.026914
https://doi.org/10.1136/oem.2006.026914
https://doi.org/10.1007/s00586-011-2097-7
https://doi.org/10.1007/s12178-019-09594-y
https://doi.org/10.1007/s12178-019-09594-y
https://doi.org/10.1007/s007760200092
https://doi.org/10.1046/j.1532-5415.2003.51460.x
https://doi.org/10.1016/j.jbmt.2008.06.010
https://doi.org/10.1016/j.jbmt.2009.07.006
https://doi.org/10.1097/MD.0000000000014449
https://doi.org/10.1155/2020/1796247
https://doi.org/10.1016/j.jbmt.2013.11.018
https://doi.org/10.1016/j.jbmt.2013.05.008
https://doi.org/10.3390/electronics9081196
https://doi.org/10.1080/10803548.2016.1156924
https://doi.org/10.1080/10803548.2016.1156924
https://doi.org/10.5312/wjo.v12.i7.467
https://doi.org/10.5312/wjo.v12.i7.467
https://doi.org/10.1186/s13013-014-0022-7
https://doi.org/10.1155/2013/745480
https://doi.org/10.1016/j.ijosm.2015.04.002
https://doi.org/10.1007/s00586-018-05876-0
https://doi.org/10.4081/or.2015.5899
https://doi.org/10.1007/s00586-019-06082-2
https://doi.org/10.1186/s13013-017-0134-y
https://doi.org/10.1007/s00586-014-3664-5
https://doi.org/10.3390/ijerph20054131
https://doi.org/10.3233/BMR-200215
https://doi.org/10.3389/fsurg.2024.1461569
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Weigel et al.

38. Don R, Capodaglio P, Cimolin V, Benedetti MG, D'osualdo F, Frigo C, et al.
Instrumental measures of spinal function: is it worth? A state-of-the art from a
clinical perspective. Eur | Phys Rehabil Med. (2012) 48(2):255-73.

39. Fortin C, Ehrmann Feldman D, Cheriet F, Labelle H. Clinical methods for
quantifying body segment posture: a literature review. Disabil Rehabil. (2011) 33
(5):367-83. doi: 10.3109/09638288.2010.492066

40. Liu X, Yang XS, Wang L, Yu M, Liu XG, Liu ZJ. Usefulness of a combined
approach of DIERS formetric 4D® and QUINTIC gait analysis system to evaluate
the clinical effects of different spinal diseases on spinal-pelvic-lower limb motor
function. J Orthop Sci. (2020) 25(4):576-81. doi: 10.1016/j.j0s.2019.09.015

41. Eva KW. Cognitive influences on complex performance assessment: lessons
from the interplay between medicine and psychology. J Appl Res Mem Cog. (2018)
7(2):177-88. doi: 10.1016/j.jarmac.2018.03.008

42, Hamers JPH, Abu-Saad HH, Halfens RJG, Schumacher JNM. Factors
influencing nurses’ pain assessment and interventions in children. J Adv Nurs.
(1994) 20(5):853-60. doi: 10.1046/j.1365-2648.1994.20050853 x

43. Takatalo J, Ylinen J, Pieniméki T, Hikkinen A. Intra- and inter-rater reliability
of thoracic spine mobility and posture assessments in subjects with thoracic spine
pain. BMC Musculoskelet Disord. (2020) 21(1):529. doi: 10.1186/s12891-020-03551-4

44. Gross JM, Fetto ], Rosen E. Musculoskeletal Examination. 4th ed. Chichester:
Wiley-Blackwell (2016).

45. Latalski M, Bylina J, Fatyga M, Repko M, Filipovic M, Jarosz MJ, et al. Risk
factors of postural defects in children at school age. Ann Agric Environ Med. (2013)
20(3):583-7.

46. Vendeuvre T, Tabard-Fougere A, Armand S, Dayer R. Test characteristics of
rasterstereography for the early diagnosis of adolescent idiopathic scoliosis. Bone
Joint J. (2023) 105-B(4):431-8. doi: 10.1302/0301-620X.105B4.B]JJ-2021-1440.R3

47. Lee KM, Chung CY, Kwon DG, Han HS, Choi IH, Park MS. Reliability of
physical examination in the measurement of hip flexion contracture and correlation
with gait parameters in cerebral palsy. ] Bone Joint Surg Am. (2011) 93(2):150-8.
doi: 10.2106/JBJS.].00252

48. Van den Hoogen HJ, Koes BW, Deville W, Van Eijk JT, Bouter LM. The inter-
observer reproducibility of Laségue’s sign in patients with low back pain in general
practice. Br J Gen Pract. (1996) 46(413):727-30.

49. Schiilein S, Mendoza S, Malzkorn R, Harms J, Skwara A. Rasterstereographic
evaluation of interobserver and intraobserver reliability in postsurgical adolescent
idiopathic scoliosis patients. J Spinal Disord Tech. (2013) 26(4):E143-9. doi: 10.
1097/BSD.0b013e318281608¢

50. Terheyden JH, Wetterkamp M, Gosheger G, Lange T, Schulze Bovingloh A,
Schulte TL. Rasterstereography versus radiography for assessing shoulder balance in
idiopathic scoliosis: a validation study relative to patients’ self-image. J Back
Musculoskelet Rehabil. (2018) 31(6):1049-57. doi: 10.3233/BMR-170867

51. Harzmann H. Stellenwert der Videorasterstereografie als schuldrztliche
Screeningmethode von skoliotischen Fehlhaltungen und strukturellen Skoliosen.
Dissertation. Ludwig-Maximilians-Universitit Minchen (2000).

52. Heckmann T, Tschan H, Kinzlbauer M, Guschelbauer R, Bachl N, et al. Analyse
der Korperhaltung bei Jugendlichen mit Hilfe der Videorasterstereographie unter
Beriicksichtigung der Préavalenz des Riickenschmerzes und der korperlichen
Aktivitit. Osterr ] Sportmed. (2008) 38:25-36.

53. Schroeder J, Stiller T, Mattes K. Referenzdaten in der Wirbelsdulenformanalyse.
Manuelle Medizin. (2011) 49(3):161-6. doi: 10.1007/s00337-011-0831-1

54. Gong H, Sun L, Yang R, Pang J, Chen B, Qi R, et al. Changes of upright body
posture in the sagittal plane of men and women occurring with aging—a cross
sectional study. BMC Geriatr. (2019) 19(1):71. doi: 10.1186/s12877-019-1096-0

Frontiers in Surgery

09

10.3389/fsurg.2024.1461569

55. Furian TC, Rapp W, Eckert S, Wild M, Betsch M. Spinal posture and pelvic
position in three hundred forty-five elementary school children: a
rasterstereographic pilot study. Orthop Rev (Pavia). (2013) 5(1):e7. doi: 10.4081/or.
2013.e7

56. DIERS International GmbH. 4D Spine & Posture Analysis: DIERS Formetric 4D.
Schlangenbad: DIERS International GmbH (2024). Available online at: https://
diers.eu/de/produkte/wirbelsaculenvermessung/diers-formetric-4d/ (accessed: April
10, 2024).

57. Lachenbruch PA, Lynch CJ. Assessing screening tests: extensions of McNemar’s
test. Stat Med. (1998) 17(19):2207-17. doi: 10.1002/(sici)1097-0258(19981015)
17:19<2207::aid-sim920>3.0.co;2-y

58. Steyn HS. Non-Parametric Tests with Effect Sizes. Potchefstroom: North-West
University (2020). Available online at:  https://natural-sciences.nwu.ac.za/sites/
natural-sciences.nwu.ac.za/files/files/SDK/non-pts.pdf (Accessed August 14, 2024).

59. Misir A, Kizkapan TB, Tas SK, Yildiz KI, Ozcamdalli M, Yetis M. Lumbar spine
posture and spinopelvic parameters change in various standing and sitting postures.
Eur Spine J. (2019) 28(5):1072-81. doi: 10.1007/s00586-018-5846-z

60. Ludwig O, Mazet C, Mazet D, Hammes A, Schmitt E. Changes in habitual and
active sagittal posture in children and adolescents with and without visual input—
implications for diagnostic analysis of posture. J Clin Diagn Res. (2016) 10(2):
SC14-7. doi: 10.7860/JCDR/2016/16647.7283

61. Krott NL, Wild M, Betsch M. Meta-analysis of the validity and reliability of
rasterstereographic measurements of spinal posture. Eur Spine J. (2020) 29
(9):2392-401. doi: 10.1007/s00586-020-06402-x

62. Willner S, Johnson B. Thoracic kyphosis and lumbar lordosis during the growth
period in children. Acta Paediatr Scand. (1983) 72(6):873-8. doi: 10.1111/j.1651-2227.
1983.tb09833.x

63. Wohlfarth A. Lot- und Profilinderung der Wirbelsdule durch das Tragen eines
Schulranzens bei 11- bis 14-jihrigen Kindern. Tubingen: Eberhard Karls Universitat
Tiibingen (2018).

64. Sweeting K, Mock M. Gait and posture—assessment in general practice. Aust
Fam Physician. (2007) 36(6):398-401. 404-5.

65. Leblebici G, Kisa EP, Tarakei E, Kasapgopur O. Investigating gait behavior in
children with scoliosis diagnosed juvenile idiopathic arthritis: pilot study. Gait
Posture. (2023) 106:S111. doi: 10.1016/j.gaitpost.2023.07.139

66. Mahlknecht JF. Die Privalenz von Haltungsstorungen bei Kindern und
Jugendlichen: eine Querschnittsanalyse. Z Orthop Unfall. (2007) 145(3):338-42.
doi: 10.1055/s-2007-965256

67. Katz K, Rosenthal A, Yosipovitch Z. Normal ranges of popliteal angle in
children. J Pediatr Orthop. (1992) 12(2):229-31. doi: 10.1097/01241398-199203000-
00014

68. Mudge AJ, Bau KV, Purcell LN, Wu JC, Axt MW, Selber P, et al. Normative
reference values for lower limb joint range, bone torsion, and alignment in children
aged 4-16 vyears. ] Pediatr Orthop B. (2014) 23(1):15-25. doi: 10.1097/BPB.
0b013e328364220a

69. Gupta P, Gupta V, Patil B, Verma V. Angular deformities of lower limb in
children: correction for whom, when and how?’ J Clin Orthop Trauma. (2020) 11
(2):196-201. doi: 10.1016/j.jcot.2020.01.008

70. Hagner W, Bak D, Hagner-Derengowska M. Changes in body posture in
children between the 10th and 13th years of age. Pol Ann Med. (2011) 18(1):76-81.
doi: 10.1016/s1230-8013(11)70025-x

71. Zigtek M, Machniak M, Wéjtowicz D, Chwalczyniska A. The incidence of body
posture abnormalities in relation to the segmental body composition in early school-
aged children. Int J Environ Res Public Health. (2022) 19(17):10815. doi: 10.3390/
ijerph191710815

frontiersin.org


https://doi.org/10.3109/09638288.2010.492066
https://doi.org/10.1016/j.jos.2019.09.015
https://doi.org/10.1016/j.jarmac.2018.03.008
https://doi.org/10.1046/j.1365-2648.1994.20050853.x
https://doi.org/10.1186/s12891-020-03551-4
https://doi.org/10.1302/0301-620X.105B4.BJJ-2021-1440.R3
https://doi.org/10.2106/JBJS.J.00252
https://doi.org/10.1097/BSD.0b013e318281608c
https://doi.org/10.1097/BSD.0b013e318281608c
https://doi.org/10.3233/BMR-170867
https://doi.org/10.1007/s00337-011-0831-1
https://doi.org/10.1186/s12877-019-1096-0
https://doi.org/10.4081/or.2013.e7
https://doi.org/10.4081/or.2013.e7
https://doi.org/10.1002/(sici)1097-0258(19981015)17:19%3C2207::aid-sim920%3E3.0.co;2-y
https://doi.org/10.1002/(sici)1097-0258(19981015)17:19%3C2207::aid-sim920%3E3.0.co;2-y
https://natural-sciences.nwu.ac.za/sites/natural-sciences.nwu.ac.za/files/files/SDK/non-pts.pdf
https://natural-sciences.nwu.ac.za/sites/natural-sciences.nwu.ac.za/files/files/SDK/non-pts.pdf
https://doi.org/10.1007/s00586-018-5846-z
https://doi.org/10.7860/JCDR/2016/16647.7283
https://doi.org/10.1007/s00586-020-06402-x
https://doi.org/10.1111/j.1651-2227.1983.tb09833.x
https://doi.org/10.1111/j.1651-2227.1983.tb09833.x
https://doi.org/10.1016/j.gaitpost.2023.07.139
https://doi.org/10.1055/s-2007-965256
https://doi.org/10.1097/01241398-199203000-00014
https://doi.org/10.1097/01241398-199203000-00014
https://doi.org/10.1097/BPB.0b013e328364220a
https://doi.org/10.1097/BPB.0b013e328364220a
https://doi.org/10.1016/j.jcot.2020.01.008
https://doi.org/10.1016/s1230-8013(11)70025-x
https://doi.org/10.3390/ijerph191710815
https://doi.org/10.3390/ijerph191710815
https://doi.org/10.3389/fsurg.2024.1461569
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Comparison between rasterstereographic scan and orthopedic examination for posture assessment: an observational study
	Introduction
	Methods
	Participants
	Examination of the posture
	Orthopedic examination
	Examination by video rasterstereography
	Comparison between both examinations

	Statistical analysis

	Results
	Abnormalities diagnosed by the orthopedic
	Abnormalities diagnosed by rasterstereography
	Comparison between both measurements

	Discussion
	Differences in postural assessment
	Found orthopedic abnormalities
	Limitations
	Conclusion

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


