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Summary

Introduction. Body posture is the position in which a person holds the body upright in a spontaneous standing position.
It is externally manifested by the mutual spatial alignment of body parts and by the person’s figure. The posture may be spon-
taneous, so-called habitual, or actively corrected by the child, referred to in the literature as “actively corrected”. The aim of the
study was to evaluate the manner of posture correction by school children instructed with the “stand straight” command.

Material and methods. 126 primary school pupils, 60 girls and 66 boys, aged 7.0 to 13.0 years (9.1 = 1.6), were examined
in standing position twice: in a relaxed posture and in actively corrected posture (after the “straight the back” command). Chil-
dren were not instructed what corrected posture means. Sagittal clinical angles: C7-T12 (total thoracic kyphosis, TTK), C7-T6
(proximal thoracic kyphosis, PTK), T6-T12 (distal thoracic kyphosis, DTK), T12-S1 (lumbar lordosis, LL) and sacral inclination
(Sl) were measured with Rippstein plurimeter. The study included also a photographic documentation of the body to show
visual changes of the movement. Significance of difference of the means was checked with paired t-test.

Results. The TTK, PTK, DTK, LL and Sl angles in relaxed versus corrected posture were as follows: 38.7° = 9.0° versus
27.6° = 10.5° (difference significant), 32.4° = 5.3° versus 29.3° * 6.8° (difference significant), 6.6° = 7.8° versus -2.3° = 8.2°
(difference significant), 34.8° = 8.0° versus 33.6° + 8.3° (not significant) and 23.5° + 5.9° versus 25.8° = 5.5° (difference sig-
nificant), respectively.

Conclusions. Plurimeter measurement and digital photography documentation allowed for a qualitative and quantita-
tive assessment of children’s posture and its changes following a verbal stimulus. Children reacted to the “stand straight”
command by changing their posture, which meant creating a pathological lordosis in the lower thoracic spine. The “stand
straight” command given to children in order to correct their posture should be preceded by appropriate instructions in order
to avoid improper correction patterns.
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Streszczenie

Wstep. Postawa ciata jest pozycja, w ktérej dana osoba przebywa w wyprostowanej spontanicznej pozycji stojacej. Obja-
wia sie poprzez przestrzenne usytuowanie wzajemnych czeéci ciata w jego budowie. Postawa ciata moze by¢ spontaniczna,
tzw. swobodna lub czynnie skorygowana przez dziecko, o ktérym mowa w literaturze jako ,aktywnie skorygowana”. Celem
pracy byfa ocena sposobu wykonania ruchu czynnej korekcji postawy przez uczniéw po komendzie ,wyprostuj sig”.

Materiat i metody. 126 uczniéw szkét podstawowych, 60 dziewczat i 66 chtopcoéw w wieku od 7,0 do 13,0 lat
(9,1 = 1,6), badano w pozycji stojacej dwa razy: w postawie swobodnej i aktywnie skorygowanej (po komen-
dzie ,wyprostuj sie”). Dzieci nie byly instruowane, co oznacza prawidtowa postawa skorygowana. Katy klinicz-
ne w ptaszczyznie strzatkowej: C7-T12 (globalnej kifozy piersiowej, TTK), C7-T6 (gérnej kifozy piersiowej, PTK),
T6-T12 (dolnej kifozy piersiowej, DTK), T12-S1 (lordozy ledzwiowej, LL) i nachylenia kos$ci krzyzowej (Sl) zmierzono
Plurimetrem Rippsteina. Badania sktadaty sie réwniez z dokumentacji fotograficznej postawy ciata, aby w sposéb
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wizualny pokazaé¢ wptyw ruchu na postawe. Zmienno$¢ statystyczng réznic sprawdzono za pomocg sparowanego testu
t-Studenta.

Wyniki. Katy TTK, PTK, DTK, LL i SI odpowiednio w postawie swobodnej w poréwnaniu z czynnie skorygowana byty na-
stepujgce: 38,7° + 9,0° w poréwnaniu do 27,6° + 10,5° (réznica istotna), 32,4° + 5,3° w poréwnaniu do 29,3° + 6,8° (r6znica
istotna), 6,6° = 7,8° w poréwnaniu do -2,3° + 8,2° (réznica istotna), 34,8° + 8,0° w poréwnaniu do 33,6° + 8,3° (r6znica nie
istotna) i 23,5° = 5,9° w poréwnaniu do 25,8° + 5,5° (rdznica istotna).

Whnioski. Pomiar plurimetrem i dokumentacja za pomocg fotografii cyfrowej pozwolita na jako$ciowa i iloéciowg ocene
postawy ciata i jej zmiane po bodzcu stownym. Dzieci zareagowaty na komende ,wyprostuj sie” poprzez zmiane ich postawy,
wytwarzajac patologiczng lordoze w dolnym odcinku kregostupa piersiowego. Polecenie ,wyprostuj sie” wydawane dzieciom
w celu skorygowania ich postawy powinno by¢ poprzedzone odpowiednim instruktarzem wykonania prawidtowej czynnej

korekgji, aby unikng¢ nieprawidtowych wzorcéw ruchowych.

Stowa kluczowe: czynna korekcja postawy, postawa ciata dziecka, plurimetr Rippsteina, fotografia cyfrowa

INTRODUCTION

Body posture is the position in which a person holds
the body upright in a spontaneous standing position.
It is externally manifested by the mutual spatial align-
ment of body parts and by the person’s figure (1). The
posture may be spontaneous, so-called habitual, or ac-
tively corrected by the child, referred to in the literature
as “actively corrected” (2). Even though body posture
has been evaluated for a long time, there is no stan-
dardised definition of what the correct posture is and
what is not (3), which may be due to the considerable
variability of posture in time (1, 4). It seems justified to
introduce normative values for the examined posture
parameters for the given age groups.

One of the elements which are key for increasing the
effectiveness of corrective actions is developing the abil-
ity to assume and then maintain a properly corrected
posture throughout daily activities (5). Posture correction
may be enforced by giving a relevant command. Most
frequently used commands, both in the therapeutic con-
text (corrective gymnastics, physical therapy, medical
instructions) and in everyday situations, include “stand

straight”, “straighten your back”, “keep it straight”.

AIM OF THE STUDY

The aim of the study was to evaluate the manner
of posture correction by schoolchildren instructed with
the “stand straight” command.

MATERIAL AND METHODS

The study covered a group of 126 primary school
pupils (66 girls and 60 boys) aged 7.0 to 13.0 years
(9.1 = 1.6), grade 1 to 6. Children were not previ-
ously instructed on how to properly perform the pos-
ture correction movement. The examination included
the measurement of upper and lower spine curvatures
(thoracic kyphosis and lumbar lordosis) using Ripp-
stein plurimeter (6) and a photographic record of the
figure (7). A digital camera, CANON Power Shot A590
IS 8.0 Mega pixels, was used for the study. The chil-
dren’s parents signed their consent for study participa-
tion and for the figure of their child to be documented
by means of photography. The Bioethical Committee
of the Poznan University of Medical Sciences granted
its permission for the study.

A non-toxic skin marker was used to mark orienta-
tion points identifying spinous processes of the seventh
cervical vertebra (C7), sixth thoracic vertebra (Th6),
twelfth thoracic vertebra (Th12) and first sacral verte-
bra (S1). The angular parameters of spine curvatures
in the saggital plane were assessed using the Ripp-
stein plurimeter, following the methodology suggested
by Gerhardt et al. (6). The assessment also included
an evaluation of the upper thoracic kyphosis (including
thoracic spine between the 1st and 6th thoracic verte-
bra — Th1-6) and lower thoracic kyphosis (between the
6th and 12th thoracic vertebra — Th6-12).

The plurimeter was set so that the pointer indicated
zero degrees (zero position) while the device was posi-
tioned parallel to the ground (fig. 1A). Next, the plurim-
eter was placed at the first sacral vertebra, and the lum-
bosacral angle (L/S angle) was measured (fig. 1B). The
plurimeter was reset at this height and it was placed
in the thoracolumbar junction at Th12/L1 (fig. 2A), the
angle of lumbar lordosis was taken (LL angle) (fig. 2B).
The next measurement focused on the distal thoracic
spine: the plurimeter was set in “zero” position at the
thoracolumbar junction (fig. 3A) and then placed at Th6/
Th7 to take the angle of the lower thoracic kyphosis
(fig. 3B). In the next step the value of the proximal tho-
racic kyphosis was measured: the plurimeter was set
in “zero” position at Th6/Th7 (fig. 4A) and then it was
placed at C7/Th1 to take the angle of the proximal
thoracic kyphosis (fig. 4B). The final measurement
included the measurement of the angle of the total
thoracic kyphosis: the plurimeter was set in “zero”
position at Th12/L1 (fig. 5A), and then it was placed
at C7/Th1 (fig. 5B) and the angle of the total thoracic
kyphosis was taken. All the measurements in were
taken twice in every child: in the spontaneous and
in the actively corrected posture. The results were
noted on the individual chart of the subject, where
a plus sign (+) signified a kyphotic posture, and a
minus sign (-) — a lordotic posture of the analysed
part of the spine.

Statistical analysis was performed using the Graph-
Pad software, the Kolmogorov-Smirnov test was applied
for normal distribution, and paired t test for comparison
of the means. The level of significant differences was
adopted by p = 0,05.
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Fig. 1B. Measurement of the lumbosacral angle at L5/S1.

Fig. 2A. Measurement of lumbar lordosis angle — initial posi-  Fig. 2B. Measurement of lumbar lordosis angle — final posi-
tion with plurimeter in “zero” position at L5/S1. tion with lumbar lordosis angle at Th12/L1.

Fig. 3A. Measurement of distal thoracic kyphosis angle — ini-  Fig. 3B. Measurement of distal thoracic kyphosis angle —final
tial position with plurimeter set at “zero” at Th12/L1. position at thoracolumbar junction .
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Fig. 4A. Measurement of proximal thoracic kyphosis — initial
position with plurimeter set at “zero” at Th6/Th7.

Fig. 5A. Measurement of the total thoracic kyphosis — initial
position with plurimeter set at “zero” at Th12/L1.

Directly after the measurements with Rippstein plu-
rimeter, two photographic evaluations were performed,
with the subjects in a standing position: in a spontaneous
standing position (fig. 6A) and in an actively corrected po-
sition assumed after “stand straight” command (fig. 6B).
Children were not previously instructed what corrected
posture meant. Profile shots were taken of the children
against a grid backdrop, while the children were looking
forward. In order to demonstrate lumber lordosis more
clearly, upper limbs were slightly flexed in the shoulder
joint at an angle of approx. 20°. The movement of shoul-
der joint flexion was performed slowly to avoid a simul-
taneous movement of the trunk. The subjects stood in
a hip-width stance, with their feet placed on longitudinal
and crosswise lines marked on the ground, so that their
lateral malleous were over the crosswise line, and feet
were parallel to the longitudinal line (fig. 6A).

RESULTS
The results are given in tables 1, 2 and 3.

Fig. 4B. Measurement of proximal thoracic kyphosis - final
position with the value of proximal thoracic kyphosis at
C7/Th1.

Fig. 5B. Measurement of the total thoracic kyphosis
— final position with the value of total thoracic kyphosis at
C7/Th1.

DISCUSSION

Rippstein plurimeter was chosen as the simplest and
most reliable measurement device, commonly used in
clinical research. Szczygiet et al. (8) evaluated the mo-
bility and shapes of spine curvatures in children with
faulty postures using Rippstein plurimeter. Green et al.
(9) used the Rippstein plurimeter to assess rotation,
abduction and flexion in the glenohumeral joint; the
team obtained satisfactory intra- and intergroup con-
cordance in screening for shoulder pathology. Watson
et al. (10), who analysed the position of the scapula in
all ranges of shoulder abduction in the frontal plane,
concluded that the plurimeter may be effectively used
for measuring shoulder joint movements.

In this study, the results of plurimeter measurements
revealed a problem of improper posture correction
movement in children who were previously not demon-
strated how to perform the corrective movement. The
movement performed by the children consisted of an
improper trunk hyperextension. Pathological thoracic
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Fig. 6A. Photograph taken in the saggital plane againsta grid  Fig. 6B. Photograph taken in the saggital plane against a grid

background — spontaneous posture. background - actively corrected posture assumed after

Table 1. Angle of kyphosis/lordosis measured with Rippstein plurimeter in 126 children. The difference between spontaneous

“stand straight” command.

and actively corrected posture assessed with paired t-test.

Parameter Spontaneous posture Actively corrected posture p value
thoracic kyphosis 38.7 £ 9.0 27.6 £ 10.5
/Th1-Th12 angle/ (15.0 + 60.0) (0.0 + 51.0) p < 0.0001
proximal thoracic kyphosis 324 +53 29.3 + 6.8 < 0.0001
/Th1-Thé angle/ (11.0 + 48.0) (9.0 + 48.0) p=0
distal thoracic kyphosis 6.6 i 7.8 -2.6 i 8.2 b < 0.0001
/Th6-Th12 angle/ (-12.0 + 27.0) (-22.0 + 18.0)
lumbar lordosis 34.8 £ 8.0 33.6 £8.3 _
/L1-L5 angle/ (18.0 = 55.0) (14.0 +52.0) p = 0.0806
sacral slope 235 =59 25855
/S1-horizontal angle/ (7.0 = 38.0) (13.0 = 40.0) p < 0.0001

The mean = standard deviation are given, the minimum and maximum indicated in brackets.

All values expressed in degrees.

Table 2. Angle of kyphosis/lordosis measured with Rippstein plurimeter in 60 girls. The difference between spontaneous and

actively corrected posture assessed with paired t-test.

Parameter Spontaneous posture Actively corrected posture p value

thoracic kyphosis 38.8 +8.9 28.6 £ 9.9

/Th1-Th12 angle/ (19.0 = 60.0) (9.0 + 49.0) P < 0.0001
proximal thoracic kyphosis 325 +5.0 29.9 = 6.8 — 0.001
/Th1-Thé angle/ (11.0 + 44.0) (13.0 + 48.0) p=0
distal thoracic kyphosis 6.4+74 25+75

/Th6-Th12 angle/ (-10.0 + 22.0) (-22.0 + 18.0) P < 0.0001
lumbar lordosis 36.0 79 32.6 £ 84 — 0.001
/L1-L5 angle/ (18.0 + 55.0) (14.0 +52.0) p=70
sacral slope 278 £5.6 25.8 £ 5.3 — 0.0943
/S1-horizontal angle/ (13.0 + 38.0) (13.0 + 37.0) p=0

The mean = standard deviation are given, the minimum and maximum indicated in brackets.

All values expressed in degrees.
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Table 3. Angle of kyphosis/lordosis measured with Rippstein plurimeter in 66 boys. The difference between spontaneous and

actively corrected posture assessed with paired t-test.

Parameter Spontaneous posture Actively corrected posture p value
thoracic kyphosis 38.6 +9.3 26.7 = 11.0
/Th1-Th12 angle/ (15.0 = 58.0) (0.0 = 51.0) p < 0.0001
proximal thoracic kyphosis 322 +57 28.8 = 6.8 < 0.0001
/Th1-Th6 angle/ (20.0 + 48.0) (9.0 = 46.0) p =9
distal thoracic kyphosis 6.6 = 8.0 27 =838
/Th6-Th12 angle/ (-12.0 + 27.0) (-22.0 + 16.0) p < 0.0001
lumbar lordosis 33.7x79 344 + 82 _
/L1-L5 angle/ (18.0 = 50.0) (17.0 +52.0) p = 04672
sacral slope 224 +6.0 25.8 +5.7
/S1-horizontal angle/ (7.0 + 36.0) (15.0 + 40.0) p < 0.0001

The mean =+ standard deviation are given, the minimum and maximum indicated in brackets.

All values expressed in degrees.

lordosis (11) occurred in the lower part of the spine
(negative angle value), figure 6B. Clinical impor-
tance of such improper correction pattern lies in the
fact that thoracic spine deprived of the physiologi-
cal kyphosis is rotationally unstable and it becomes
susceptible to forces which lead to vertebral rotation.
Characteristically, analogous image of distal lordosis
in the thoracic spine is found in progressive idiopath-
ic scoliosis (12).

In the literature there are no explicit norms of the
thoracic kyphosis angle, and in particular of its dis-
tal part (Th6-Th12); however it is generally accepted
that this part of the spine should assume a kyphotic
shape (positive value of the Th6-Th12 angle). Zuk et
al. (4) demonstrated that increased forward pelvis tilt
increases, and decreased — decreases lumbar lordo-
sis, thoracic kyphosis and cervical lordosis. Barczyk et
al. (13), analysing body posture in 130 children aged
7-10 after a verbal stimulation given to correct posture,
demonstrated statistically significant decrease of the
angle of thoracic kyphosis. The authors did not as-
sess kyphosis divided into upper and lower part. They
found that verbal commands do not constitute a suf-
ficient stimulus to achieve posture correction and it is
necessary to make children aware of the correct body
posture beforehand.

For the purposes of this study kyphosis was divided
into the upper and lower part with the intention to sepa-
rately measure the changes of the angle of kyphosis
in the two parts of the spine. We should underscore
that incorrect average values of the angle of kyphosis
in the distal thoracic part occurred in children not only
in the corrected posture, but also in the spontaneous
posture. According to Kluszczynski (14), normative val-
ues in plurimeter measurement in spontaneous stand-
ing position of children aged 4-16 should fall between
24 and 36 degrees for thoracic kyphosis and lumbar
lordosis. A similar norm range for thoracic kyphosis and
lumbar lordosis, i.e. 30 = 5 degrees, was proposed by
Zwierzchowska et al. (15) who analysed the saggital
plane in students aged 19-21 by using the Rippstein
plurimeter to examine curvatures in the saggital plane.

However, in the literature there are no normative values
for the corrected posture, which may be the area of
further analysis.

Owczarek and Bondarowicz (16) suggest that ha-
bitual good posture should be perpetuated not only
during corrective gymnastics, buy also at home and
at school. They believe that children should be con-
stantly reminded about the necessity to maintain cor-
rect posture. Gorecki et al. (1) believe that a crucial role
in shaping posture is played by habits: being used to
performing various activities in a specific manner, in
this case — assuming a particular position, especially
in daily activities.

Canales et al. (17) conducted an analysis of pos-
ture based on photographs of persons with depres-
sive disorder, and demonstrated that it was possible
to use digital photography to document the effects of
the therapy. Canhadas Belli et al. (18) assessed body
posture comparing the postures of children suffering
from asthma. Neiva P et al. (19) used photographs to
analyse the posture of mouth-breathing children. The
photos presented children in a spontaneous posture.
It seems justified to use digital photography to exam-
ine the actively corrected posture. Early results of an
analysis of spontaneous and corrected posture based
on photographs was presented by Stolinski et al. (20),
who examined 1000 children aged 7-10 under the proj-
ect “Poznan Chooses Health — Bad Posture Prophy-
laxis”. Having noted the possibility to use digital pho-
tography as an objective measurement method, it is
reasonable to use quantitative parameters assessing
body posture. The introduction of reliable and repeti-
tive methods of posture assessment by means of digi-
tal photography may help reduce the cost of posture
examination, thus increasing the availability of such
examinations.

CONCLUSIONS

1. Plurimeter measurement and digital photogra-
phy documentation allowed for a qualitative and
quantitative assessment of children’s posture and
its changes following a verbal stimulus.
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2. Children reacted to the “stand straight” com-
mand by changing their posture, which meant
creating a pathological lordosis in the lower
thoracic spine.
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