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Ergenlik dönemindeki çocuklarda statik ve dinamik ayak bas›nç de¤erleri
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Objectives: This study was designed to determine normal
values of pedobarography during standing and walking in
adolescents in our country and to investigate correlations
between demographic data and pedobarographic values.

Methods: Fifty volunteers (25 girls, 25 boys; mean age 14
years; range 13 to 15 years) who were found to have healthy
foot according to the AOFAS (American Orthopaedic Foot and
Ankle Society) clinical rating system for the ankle and foot
were enrolled into the study. Plantar pressures were measured
during standing and walking tasks with the use of the Mini-
Emed pedobarographic device.

Results: Static measurements showed significantly higher
pedobarographic values for right medial forefoot and toes in
girls, and for left midfoot in boys (p<0.05). Overall, no signif-
icant differences existed between static pressure values for the
right and left feet. The mean right medial foot pressure was
higher than that of the contralateral foot in girls. There were no
significant differences between the right and left feet in boys.
Dynamic measurements showed a significantly larger contact
area of the right foot in boys, and a significantly higher maxi-
mum plantar pressure of the left medial forefoot in girls
(p<0.05). The strength of the correlation of body weight and
body mass index was high with maximum plantar pressures
(r=0.87 and r=0.83), and moderate with contact area of the foot
(r=0.63 and r=0.59) in static measurements. Body weight
(r=0.64) and body mass index (r=0.54) were moderately cor-
related with contact area of the foot in dynamic measurements.

Conclusion: Appreciation of normal plantar pressure val-
ues in adolescents is important in monitoring the develop-
ment stages of foot, in the assessment of foot disorders, and
in making proper footwear modifications in compliance
with age.

Key words: Adolescent; body weight; foot/anatomy & histology/
physiology; gait; heel/physiology; podiatry/instrumentation/ meth-
ods; pedobarography; pressure; sex factors.

Amaç: Türk toplumunda ergenlik dönemi yafl grubunun
statik ve dinamik pedobarografik normal verilerinin belir-
lenmesi ve bu de¤erler ile demografik veriler aras›ndaki
iliflkilerin araflt›r›lmas› amaçland›.

Çal›flma plan›: Çal›flmaya, AOFAS’nin (American Ort-
hopaedic Foot and Ankle Society) ayak bile¤i ve ayak kli-
nik de¤erlendirme sistemiyle sa¤l›kl› aya¤a sahip oldukla-
r› belirlenen 50 gönüllü (25 k›z, 25 erkek, ort. yafl 14; da-
¤›l›m 13-15) al›nd›. Tüm olgular›n statik ve dinamik ayak
bas›nçlar› Mini-Emed pedobarografi cihaz› kullan›larak
ölçüldü.

Sonuçlar: Statik ölçümlerde k›zlarda sa¤ aya¤›n ön-orta ve
parmak k›s›mlar›n›n, erkeklerde ise sol aya¤›n orta k›sm›n›n
pedobarografik de¤erleri belirgin olarak di¤er cinsten yüksek-
ti (p<0.05). Tüm olgular birlikte de¤erlendirildi¤inde sa¤ ve
sol ayak statik bas›nç ölçümleri aras›nda anlaml› farkl›l›k bu-
lunmad›. K›zlarda sa¤ aya¤›n orta bas›nç de¤erleri sol aya¤a
göre yüksek bulundu. Erkeklerde ise sa¤ ve sol ayaklar aras›n-
da bas›nç de¤erleri aç›s›ndan anlaml› fark gözlenmedi. Dina-
mik ölçümlerde erkeklerde sa¤ ayakta ayak temas alan›, k›zlar-
da ise sol aya¤›n ön iç k›sm›nda maksimum bas›nç de¤erleri
di¤er bölgelerden anlaml› derecede yüksek bulundu (p<0.05).
Statik ölçümlerde kilo ve vücut kütle indeksi ile ayak maksi-
mum bas›nçlar› aras›nda kuvvetli (r=0.87 ve r=0.83), temas
alan› ile orta düzeyde (r=0.63 ve r=0.59) iliflki saptand›. Dina-
mik ölçümlerde kilo ve vücut kütle indeksi ile ayak temas ala-
n› aras›nda orta düzeyde (r=0.64 ve r=0.54) iliflki bulundu.

Ç›kar›mlar: Ergenlik dönemindeki çocuklar›n normal
ayak bas›nç de¤erlerinin bilinmesi, aya¤›n geliflim evreleri-
nin izlenmesinde, ayak hastal›klar›n›n de¤erlendirilmesinde
ve yafl ile uyumlu ayakkab› de¤iflikliklerinin yap›lmas›nda
önemlidir.

Anahtar sözcükler: Ergenlik dönemi; vücut a¤›rl›¤›; ayak/anato-
mi ve histoloji/fizyoloji; yürüyüfl; topuk/fizyoloji; podiatri/enstrü-
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The clinical usage of of foot pressure assessment

systems have been the issue of many studies
[1,2]

.
Measurement of foot pressure by pedobarography
have started in the early 1980’s. The interest grow-
ing day by day inclined towards the studies about
biomechanic, diabetics foot, ortopedic surgery and
orthesis-shoe modification. 

The distribution of the studies about the foot
pressure of children is limited[3-5]. Exact information
is obtained about the functions of foot by the pres-
sure analysis[6]. When the foot of a child is compared
with the foot of an adult, typical differences can be
seen, particularly the shape and the walking manner
of a baby change instantly. Moreover, the appear-
ance of the foot associated with age and  the phases
of growing up[7]. Hence, some parents may feel anx-
ious about whether their child have a normal walk-
ing manner or foot morphology. 

Walking defect and foot deformities are the
major reasons for the frequent application of the par-
ents to the orthopaedic clinics[8,9]. The physicians
come up against some difficulties while assessing
these patients. These difficulties stem from being
unable to understand the mechanisms and growing
phases completely[10]. We believe that it is suitable
and practical to make use of pedobarography in the
prosecution of treatment and in the understanding of
the changes in the shape of foot during the growing
process. In order to achieve this goal, normal foot
pressure values of the relevant age groups should be
identified. We were unable to find a study aiming to
examine this fact. The purpose of our study and the
reason why we had planned to deal with this issue
was to fix the normal pedographic measurement val-
ues of the adolescent individuals and put forth the
relation between these values and the demographic
data.

Methods

62 adolescents were called to the study from the
age groups 13 to 15 to Trace University Hospital,
Department of Physical Medicine and
Rehabilitation. Initially/At first, demographic data
was cross-examined. The body mass index
(BMI)(kg/m2) was calculated in all cases.
Radiographic examination was not used/taken into
account. For the purpose of forming healthy foot
group, the clinic assessment system was developed

by AOFAS was used for ankle and foot (11). The
clinical situation of the cases was assessed under 3
titles (total score:100). As a consequence of these
assessments, 50 children whose AOFAS score had
been 100, were admitted to the study (25 girls,25
boys, 14 middle-aged;distribution 13-15).

The measurement of the pressure of sole of foot
was carried out by Mini Emed Pedobarographic
device. This system carries out the measurement of
the static and dynamic sole pressure.

These systems handle the task of measuring the
foot sole of static (standing upright position) and
dynamic (walking) pressures. The system includes
Canon colour printer, screen, pressure perceptive
platform, remote control, power unit, links between
screen and platform. The pressure measurement
(=assessment) platform of the device have a general
frame having the dimensions of 650*290*25 mm
and a perceptive area having the dimensions of
360*180 mm and there are three perceptive gauges
on each cm2. The exemplification speed of the
device is 14 squares in one second, deposit interval
is 20 squares, pressure interval is 2-127 N/cm2, sol-
ubility is 1 N/cm2, accuracy rate depending on foot
is %5,heat gap is 15C to 40 C, connection power
was 220/110 volt.[12]. During the static measure-
ments, in order not to direct the body weight on a
particular side, the participants were asked some
questions to attract their attention to other issues. In
order to provide a balanced assessment, they were
asked to look at a stable point on the wall which is 3
meters away from them. While standing up on the
platform, step width interval was fixed as 8 cm.[13].
When the pressure on one foot becomes the %50 of
the total pressure, the measurements were fixed and
the data was recorded. The assessment was carried
out for both feet separately. In the static assessment
of the various parts, the following measurements
were carried out: maximum pressure measurements
of six regions using the N/cm2( heel, middle and
forefoot medial, middle and lateral and phalanx),
maximum pressure measurements, maximum pres-
sure values of forefoot and rearfoot, total pressure
applied to foot, the percentages of pressure applied
on the fore and rear part of foot and the total contact
area and the apportion of the pressure on front and
back part of foot were assessed 



For the dynamic assessment, the participant was
requested to walk around an area of 30 m and then
through a board having 5 length and carrying out
walking while stepping on the board and passing by
it. Depending on the fact that the impact of the walk-
ing speed over pressure values was not over %7,the
normal walking speed of the participant was accept-
ed as standard [5].The participants were requested to
walk again provided that they stand motionless on
the platform or have a faulty step on the platform.
The measurements were carried out for /over both
feet. In the dynamic measurement, maximum pres-
sure data was collected from six regions of which
were identified in the statistic measurement. Sole
contact area was evaluated during walking. In addi-
tion to this, maximum pressure values were calculat-
ed by dividing the heel of a foot in to two separated
parts as lateral and medial. The comparison of the
demographic data between girls and boys was car-
ried out via t-test. The relationship between pedo-
barographic values and demographic values was
studying on carefully using correlation test. p<0.05
interval was accepted as statistically significant.

Acta Orthop Traumatol Turc202

Results

No statistically significant difference detected
among sex, age, height, weight and VKI averages
(Table 1). Remarkable differences were observed in
the average values of some parts during the right and
left foot statistic pressure measurements as regards
to the sex of the participants. No statistically signif-
icant difference between right foot and left food sta-
tic pedobarographic measurements was found(Table
2)The pressure on the middle part of the right foot of
the girls was found out to be higher in comparison to
the left foot. As for boys, no statistically significant
difference was observed in terms of pressure values.
When the maximum area obtained from the right
and left foot static pedobarographic values and the

Table 1. The characteristics of study population                

Girls (n=25) Boys (n=25)       P
Age  (year) 14.2±0.8 13.9±0.6 >0.05
Height  (m) 1.6±0.16 1.6±0.09 >0.05
Weight (kg) 50.4±8.9 52.9±13.5 >0.05
BMI (kg/m2) 19.6±3.2 20.2±4.1        >0.05

Table 2. Comprasion of static pedobarographic values between two groups(N/cm2, mean ± SD

Right feet Left feet All cases
Girls Boys p Girls  Boys p Right Left p

Heel 8.6±4.4 8.3±2.8 >0.05 9.3±7.4 8.9±3.4 >0.05 8.5±5.67 9.1±5.7 >0.05
Middle foot 2.0±1.1 2.4±1.2 >0.05 1.5±7 2.4±1.5 <0.05 2.2 ±1.20 1.9±1.2 >0.05
Medial forefoot 4.0±2.5 4.7±1.7 >0.05 4.5±2.3 4.4±2.5 >0.05 4.1±2.37 4.4±2.4 >0.05
Middle forefoot 6.4±3.6 4.4±1.8 <0.05 5.6±2.1 4.6±1.9 >0.05 5.4±2.03 5.1±2.0 >0.05
Lateral forefoot 4.9±3.7 4.6±2.9 >0.05 4.1±1.7 4.6±3.2 >0.05 4.7±2.55 4.3±2.6 >0.05
Phalanx 4.5±2.7 3.2±2.5 <0.05 5.7±4.8 4.3±4.1 >0.05 3.9±4.49 5.0±4.5 >0.05

Table 3. Comprasion of static pedobarographic values (total contact area, the percentages of pressure applied on the 
front and back part of foot and the total contact area) between two groups 

Right  Mean ± SD Left Mean ± SD Totaly  Mean ± SD

Girls Boys p Girls  Boys p Right Left p

MFP 7.9±3.7 6.9±2.5 >0.05 8.6±4.1 7.6±4.3 >0.05 7.4±3.2 8.1±4.2 >0.05
MRP 9.2±5.0 9.1±2.9 >0.05 9.5±7.2 9.2±3.4 >0.05 9.2±4.0 9.3±5.6 >0.05
FPFP 51.4±16.1 43.2±10.8 >0.05 53.0±19.9 43.6±12.8 <0.05 47.3±14.2 48.3±17.3 >0.05
RPFP 48.6±16.1 56.8±10.8 >0.05 44.9±17.5 56.4±12.8 <0.05 52.7±14.2 50.7±16.3 >0.05
MF 466.5±91.8 481.6±152.2 >0.05 447.8±109.1 484.4±113.2 >0.05 473.9±124.7 466.1±111.6 >0.05
CA 77.6±16.7 83.0±18.6 >0.05 76.0±13.4 84.5±18.4 >0.05 80.3±17.7 80.3±16.6 >0.05
FPCAP 57.8±10.0 51.4±8.3 <0.05 58.2±13.6 51.7±9.2 <0.05 54.6±9.7 54.9±11.9 >0.05
RPCAP 42.3±10.0 48.6±8.3 <0.05 40.1 ± 9.7 48.3 ± 9.2 <0.05 45.6 ± 9.6 44.2±10.2 >0.05
MFP: Maximal forefoot pressure,  MRP: Maximal rarefoot pressure, FPFP: Forefoot plantar force percentage (%) , RPFP: Rearfoot plantar force percentage (%), MF:
Maximal forcet, CA: Contact area, FPCAP: Forefoot plantar contact area percentage (%),  RPCAP: Rearfoot plantar contact area percentage (%)
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pressure on this area are and the distribution of per-
centages were examined, the percentage of the back
area of both feet of the boys were higher than the
girls’ percentage significantly and percentage of the
front area of both feet of girls were higher than the
boy’s percentage.(Table 3). No significant difference
was detected when a comparison carried out in both
sexes in terms of right and left pressure values. In
the dynamic pedobarography measurements of foot,
when the values of pressure on the six regions which
had been determined anatomically and the foot con-
tact area averages of both feet were examined, con-
tact area of right foot among boys and the pressure
values of front lateral part of foot were found out to
be statistically significant (Table 4). It was seen that
right foot contact area of the boys was seen statisti-
cally high. In the statistic measurements, it was
detected that there had been a strong(r=0.87 and
r=0.83) relationship between weight and BMI with
foot maximum pressures and there had been a mod-
erate(r=0.63 and r=0.59) relationship between
weight and BMI with the contact area.

In the dynamic measurements, a moderate rela-
tion(r=0.654 and r=0.54) was found between weight,

BMI and foot contact area. The static and dynamic
value averages on six parts of foot which were men-
tioned formerly in this study, were shown in Figure-
1. When all cases were assessed, it was seen that the
highest pressure possessing areas were heel (%62 in
right foot,%56 in left food) in the statistic measure-
ment; toes (%62 on the right foot,%66 on the left
foot) in the dynamic assessment. When the toes con-
tact areas were examined, right and left foot average
area values were 83.04±18.64cm2 and
84.48±18.53cm2;125.36±19.34cm2 and
120.56±17.75cm2 respectively. The highest statistic
and dynamic value averages obtained from the later-
al and medial regions were illustrated in Table-5.

Discussion

Plantar pressure measurements display a change
with the growing up depending on age. Foot growth
is influenced considerably when the child learn how
to stand up and walk. Static loading and muscle
activity enables the perpendicular arc to grow until
the age of six. The feet of children demonstrate typ-
ical differences compared to the feet of adults [6,14].
Hennig and et al.[5] compared their children’s foot
plantar pressure values with adults; they stated that
6-10 age group pressure values were nearly 1/3 of
adult values. For the sake of getting normal pressure
distributions, the first step is to detect that the sub-
jects have healthy foot. For the purpose of keeping

Table 4. Comparison of dynamic pedobarographic values (pressure on the six regions and contact area) between two groups 

Right feet Left feet All cases

Girls Boys p Girls Boys          p Right Left p

Phalanx 39.2±19.3 32.1±17.3 >0.05 38.4±18.2 36.6±16.9 >0.05 35.7±18.5 37.5±17.4 >0.05
Medial forefoot 18.5±7.8 19.6±8.7 >0.05 22.7±12.5 16.9±10.5 <0.05 19.0±8.2 19.8±11.8 >0.05
Middle forefoot 21.3±6.3 21.7±7.3 >0.05 21.6±6.7 23.1±8.4 >0.05 21.2±6.7 22.37.6 >0.05
Lateral forefoot18.7±13.8 17.6±7.3 >0.05 20.5±13.7 20.9±8.6 >0.05 18.2±10.9 20.7±11.3 >0.05
Middle foot 8.2±5.0 6.8±2.9 >0.05 6.4±3.1 6.8±3.7 >0.05 7.5±4.1 6.6±3.3 >0.05
Rear foot 23.1±6.7 20.7±6.1 >0.05 26.0±13.5 20.4±5.2 >0.05 21.9±6.4 23.2±10.5 >0.05
Contact area 114.2±13.5 125.4±19.3 <0.05 115.7±14.2 120.6±17.8 >0.05 119.8±17.4 118.1±16.1 >0.05

Figure 1.The relation of static and dynamic values in six 
points of foot in all cases is shown.
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Table 5. Mean static and dynamic highest values on 
lateral and medial of the heel (mean± SD)

Heel Static Dinamik

Right  Left Right Left

Medial area 32.4±15.4 33.3±19.2 82.7±25.5 87.3±29.2

Lateral area 27.9±12.0 27.2±14.6 72.5±22.7 76.0±29.2



the clinic condition of normal foot and foot ankle as
standard, we used the form developed by AOFAS.
The same form was used by Davitt and et al. [15]
with pedobarography for the purpose of assessing
the clinic results after distal calceneal lengthening
during adolescence. During standing up right, the
body weight is dispersed onto three parts in the plan-
tar surface formed by calceneus, lateral column and
medial column over talus.[10]The highest values
were detected in the heel region during the statistic
measurement of our study. The pressure distribution
on the front part of foot (lateral-middle-medial) were
measured as 4.16,4.40,4.56 N/cm2 respectively.
These values didn’t fit/weren’t the right size and
shape for the principle of Kapandji’s [16]three
points(heel,1. and 5 metetarsal head) contact.
Having used a similar device in their study, Kanatl›
and et.al [17] alleged that Kapandji’s principle is not
valid. Femery and et al.[18]stated that pressure val-
ues belonging to lateral and medial column in the
front foot are not disintegrated. We could not under-
stand whether these results arise from the method we
used or from the foot structure of adolescence.
Another factor causing this difference is the fact that
obtaining statistically significant high pressure val-
ues in the middle and toe part of the front part of foot
which makes us think that weight has a tendency to
widen towards the front foot. While walking, body
weight is conveyed to calceneus first, then to the lat-
eral part of front foot and finally to the inner part of
foot and to big toe.[10,19]It was shown that the
highest pressure is on toes and the lowest is on the
middle part of foot [4,5]. The same result was
obtained in our study. The fact that the highest val-
ues were obtained on heel part during the static mea-
surements and the lowest values were obtained on
toes during the dynamic measurements in our study
indicates that different parts of foot have priority
during different activities.

In our study, the front-middle part values of foot
in dynamic measurement were found out to be near-
ly four times bigger than the static values. These
results are parallel to the study which was carried
out by Rozema et.al [20] on adults. Moreover, the
fact that a similar relationship was detected in other
five parts in terms of static and dynamic values indi-
cate that foot is exposed much heavier pressure force
in comparison to standing up right while walking.

Hennig and et.al [5] found out the heel lateral and
inner parts’ values while walking as 119+-61 and
99+-39 kPa respectively. Harmonious results with
these values were obtained during our study. A sim-
ilar relationship between the lateral and inner parts
of heel was obtained during our static measure-
ments. Plantar pressure values are influenced by a
lot of factors such as the anatomical structure of
foot, VKI, joint movement separation and sex [6,7].
There was no significant difference between the
weight, height and VKI values of girls and boys who
were in the same age in our study. Owing to the fact
that AOFAS assessment was carried out in the
beginning, the ones who had had limited joint sepa-
ration, weren’t taken to the study. We ascertained
evident differences in the distribution of foot pres-
sure among the girls and boys who had normal foot
structure. When above factors influencing the foot
structure is taken into consideration, we think that
sex is a basic factor in the differences which are
observed. Nevertheless, not being able to evaluate
the anatomical differences between the girls and
boys exactly is the deficiency of our study. What
attracts attention about our study that there is a
strong relationship between BMI, weight and foot
pressure values and foot pressure values and foot
contact areas of girls and boys who are in their ado-
lescence. That’s why; we think that it is necessary to
adjust the material used according to weight. It was
understood in our study that the static-dynamic con-
dition relationship of foot is an important factor
while choosing shoes. Such studies emphasizing the
importance of wearing suitable/appropriate shoes,
will assist in bringing up healthy generations.

References

1. Cavanagh PR, Ulbrecht JS, Zanine W, Welling RL,
Leschinsky D, van Schie C. A method for the investigation of
the effects of outsole modifications in therapeutic footwear.
Foot Ankle Int 1996;17:706-8.

2. Orlin MN, McPoil TG. Plantar pressure assessment. Phys
Ther 2000;80:399-409.

3. Aharonson Z, Voloshin A, Steinbach TV, Brull MA, Farine I.
Normal foot-ground pressure pattern in children. Clin Orthop
1980;(150):220-3.

4. Hennig EM, Rosenbaum D. Pressure distribution patterns
under the feet of children in comparison with adults. Foot
Ankle 1991;11:306-11.

5. Hennig EM, Staats A, Rosenbaum D. Plantar pressure distri-
bution patterns of young school children in comparison to
adults. Foot Ankle Int 1994;15:35-40.

6. Bennett PJ, Duplock LR. Pressure distribution beneath the
human foot. J Am Podiatr Med Assoc 1993;83:674-8.

Acta Orthop Traumatol Turc204



205Tuna et al. Static and dynamic plantar pressure measurements in adolescents

7. Kellis E. Plantar pressure distribution during barefoot stand-
ing, walking and landing in preschool boys. Gait Posture
2001;14:92-7.

8. Craxford AD, Minns RJ, Park C. Plantar pressures and gait
parameters: a study of foot shape and limb rotations in chil-
dren. J Pediatr Orthop 1984;4:477-81.

9. Kamegaya M, Shinohara Y. Gait disorders and leg deformi-
ties in children. J Orthop Sci 2002;7:154-9.

10. Cailliet R. Foot and ankle pain. 3rd ed. Philadelphia: FA
Davis; 1997.

11. Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson
MS, Sanders M. Clinical rating systems for the ankle-hind-
foot, midfoot, hallux, and lesser toes. Foot Ankle Int 1994;
15:349-53.

12. Operating Manual Mini-Emed System. Munich: Novel; 1991.
13. Özaras N, Yalçın S. Normal yürüme. In: Özaras N, editör.

Yürüme analizi. 1. bask›. ‹stanbul: Avrupa Tıp Kitapçılık;
2001. s. 1-23.

14. Malouin F, Richards CL. Preparatory adjustments during
gait initiation in 4-6-year-old children. Gait Posture 2000;11:
239-53.

15. Davitt JS, MacWilliams BA, Armstrong PF. Plantar pressure
and radiographic changes after distal calcaneal lengthening
in children and adolescents. J Pediatr Orthop 2001;21:70-5.

16. Kapandji IA. The physiology of the joints. 2nd ed. Edinburg:
Churchill Livingstone; 1970.

17. Kanatli U, Yetkin H, Bolukbasi S. Evaluation of the trans-
verse metatarsal arch of the foot with gait analysis. Arch
Orthop Trauma Surg 2003;123:148-50.

18. Femery V, Moretto P, Renaut H, Thevenon A, Lensel G.
Measurement of plantar pressure distribution in hemiplegic
children: changes to adaptative gait patterns in accordance
with deficiency. Clin Biomech 2002;17:406-13.

19. Günel U, Korkusuz F. Ayak ve ayak bile¤inin biyomekani¤i.
In: Ege R, editör. Ayak ve ayak bile¤i sorunlar›. 2. bask›.
Ankara: Türk Hava Kurumu Bas›mevi; 1999. s. 47-68.

20. Rozema A, Ulbrecht JS, Pammer SE, Cavanagh PR. In-shoe
plantar pressures during activities of daily living: implica-
tions for therapeutic footwear design. Foot Ankle Int
1996;17:352-9.


