
Advances in RheumatologyFranco et al. Advances in Rheumatology  (2018) 58:15 
https://doi.org/10.1186/s42358-018-0014-z
RESEARCH Open Access
Within and between-days repeatability and
variability of plantar pressure measurement
during walking in children, adults and older
adults

Pedro S. Franco1,2, Cristiane F. Moro1, Mariane M. Figueiredo1, Renato R. Azevedo1,2, Fernando G. Ceccon1,2

and Felipe P. Carpes1,2*
Abstract

Background: Previous studies discussed the repeatability and variability in plantar pressure measurement, but a
few considered different age groups. Here we determine within and between-days repeatability and variability of
plantar pressure measurement during gait in participants from different age groups.

Method: Plantar pressure was recorded in children, young adults and older adults walking at preferred speed in
four non-consecutive days within one week. Data from 10 steps from each foot in each day were analyzed
considering the different regions of the foot. Mean and peak plantar pressure and data variability were compared
between the steps, foot regions and days.

Results: To describe mean and peak pressure during gait in children and adults a single measurement can be
enough, but elderly will requires more attention especially concerning peak values. Variability in mean pressure did
not differ between age groups, but peak pressure variability differed across foot regions and age groups.

Conclusion: One single observation can be used to describe plantar pressure during gait in children and adults.
When the interest concerns older people, it might be pertinent to consider more than one day of assessment,
especially when looking at peak pressure.
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Background
Plantar pressure analysis concerns the quantification and
interpretation of the force applied to the ground and its
distribution over the foot plantar surface area. Among
the different ways for its quantification is the use of
pressure mat systems that allows not only quantification
of the pressure distribution but also analysis of the spe-
cific foot regions [1–4]. Instrumentation, foot region,
and number of steps are factors influencing repeatability
and variability of plantar pressure measurement [1–4].
The number of steps required for characterization of
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plantar pressure during gait is a source of discussion in
the literature [5]. Three steps are commonly assumed in
clinical analysis of gait [6], and three to five steps are as-
sumed to be enough to record plantar pressure in adults
aged 20 to 35 years old [7].
Plantar pressure variability is also a topic of interest be-

cause most of clinical decisions are based in single-day
measurement. Considering data from three [4], four [4]
and five [1] different days, mean pressure, peak pressure,
peak force, and force-time integral showed good repeat-
ability. However, participants of different ages were con-
sidered in each of these studies [1, 2, 4]. There is a lack of
evidences concerning differences between age groups,
which are especially important for studies interested in in-
fluence of age on plantar pressure.
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Fig. 1 The flowchart of the different phases of our study
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There are gait characteristics that influence plantar
pressure in people of different ages. In children, it in-
cludes changes in body mass and contact area of the foot
[8] as well the establishment of a heel-strike landing pat-
tern [9, 10]. Children also experience increase in peak
pressure, ground reaction forces and foot length that in-
fluence center of pressure displacement [11]. Among
young adults, magnitudes of pressure become stable and
patterns of higher peak pressures in the rearfoot and
hallux are observed [12–14]. Among older adults, a
change in foot landing pattern may occur and pressure
and reaction forces in the rearfoot decrease with a lon-
ger contact time [12]. These illustrate the differences be-
tween age groups that may influence plantar pressure
measurements. Therefore, in this study we determine
within and between-days repeatability and variability of
plantar pressure measurement in people from different
age groups.

Methods
Participants and experimental design
This research was conducted in agreement with the dec-
laration of Helsinki and was approved by the local insti-
tution ethics committee. All participants and the parents
(for the case of children) signed a consent term. To be
included participants should be able to walk independ-
ently, be free of lower extremity injuries that limit loco-
motion and should be able to visit the laboratory on
days previously scheduled. Those subjects that missed
one evaluation session were excluded from the data ana-
lysis. Sixty participants (20 children, 20 young adults,
and 20 elderly) from the local community started partici-
pation in the study. During the development of the study
(see the flowchart; Fig. 1) some participants missed ses-
sions and were excluded. In the end, 37 subjects com-
pleted all the procedures, which included 12 children, 13
adults, and 12 older adults. Participants completed four
sessions of assessment in non-consecutive days within a
period of 7 days for measurement of plantar pressure
during walking at preferred speed.

Data acquisition
Plantar pressure was recorded during barefoot walking at
preferred gait speed. Participants were requested to walk
as they walk in streets. Data were acquired at 400 Hz
using a pressure mat system (Matscan, Tekscan Inc., Bos-
ton, MA, US) placed halfway in a 9 m walkway. The mat
had 5 mm thickness, detection area of 435.9 × 368.8 mm,
comprising 2288 resistive sensors (1.4 sensors / cm2). The
system was calibrated before every evaluation for each in-
dividual using the individual body mass. Ten steps were
randomly recorded for each foot, and data from right foot
were considered in the analyses. Gait speed was deter-
mined using a chronometer. The evaluation session was
repeated in four non-consecutives days within a period of
up to 7 days.
Plantar pressure was analyzed considering the forefoot

(FF), midfoot (MF) and rearfoot (RF) regions defined
using a software (Research Foot 6.64, Tekscan Inc., Bos-
ton, MA, USA) and anatomical aspects determining that
the rearfoot comprised 31% of the foot length, the mid-
foot comprised 19% of the foot length, and the forefoot
comprised 50% of the foot length [15]. Data were aver-
aged for each foot region and normalized to the total
foot pressure to minimize effects body mass and foot
size that differ among the participants [16]. Variables of
interested in our study were mean pressure, computed
by the average pressure over active sensors, and peak
pressure, defined as the highest value observed among
the selected active sensors [17]. Data variability was de-
termined by the coefficient of variation that is the ratio
between standard deviation and mean values.
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Statistical analyses
Data are present considering mean (standard deviation).
All data were checked for normality with Shapiro-Wilk
test. ANOVA one-way with Tukey post-hoc was used to
compare steps and to compare foot regions within a
same day of assessment. Similar approach was used to
compare the different days of assessment and the differ-
ent groups. All analyses considered a significance level
of 0.05 using a commercial statistical package.
Results
Groups of study included 12 children [8 women; 10 (1)
years old, 44 (16) kg, 1.43 (0.1) m, for age, body mass
and height, respectively], 13 adults [7 women; 38 (6)
years old, 71 (15) kg, 1.65 (0.1) m], and 12 older adults
[7 women; 74 (3) years old, 70 (14) kg, 1.59 (0.1) m].
Preferred gait speed in children was 1.21 (0.1) m/s, in
adults was 1.56 (0.2) m/s, and in older adults was 0.89
(0.10) m/s. Mean pressure did not differ between the
steps in both adults and older adults in within-day com-
parisons (Fig. 2). Among children, mean pressure dif-
fered between some of the steps only for the fourth day
(F (9) = 4.389; P = 0.03; Fig. 2). Peak pressure did not dif-
fer between the steps in adults and older adults (Fig. 3).
Peak pressure in children differed between some of the
steps only in the rearfoot for the fourth day (F (9) =
2.688; P = 0.04, Fig. 3).
Fig. 2 Mean pressure determined in different foot regions and expressed a
and group in the four days of measurement. * indicates difference betwee
Regardless of the day of measurement, when compar-
ing the foot regions, adults showed lower peak pressure
in the midfoot compared to forefoot and rearfoot (Fig. 4).
In children, peak pressure was smaller in the midfoot
than forefoot and rearfoot, while forefoot and rearfoot
showed similar values. Among older adults, peak pres-
sures were higher in the forefoot and differed between
the three regions of the foot (Fig. 4).
To compare pressure between the days we considered

the average of mean and peak pressures from each day
of measurement (Fig. 4). Mean and peak pressure in
children did not differ between the days. Among adults,
mean pressure in the midfoot was higher for the fourth
day [F (3) = 5.190; P = 0.027], while peak pressure was
similar for the different days. In older adults, mean pres-
sure did not differ between the days, but peak pressure
differed between all the days [F (3) = 4.717; P = 0.008].
Data on pressure variability were also considered in

our analyses (see Table 1 for variability of mean and
peak pressure). Mean pressure variability did not differ
between the days of measurement in foot regions of chil-
dren, adults and older adults. However, when mean
pressure variability was compared between the foot re-
gions, regardless of the day of measurement, higher vari-
ability in the midfoot, and similar variability in the
rearfoot and forefoot were observed in children (F (2) =
36.10; P < 0.001), adults (F (2) = 174.1; P < 0.001), and
older adults (F (2) = 125.4; P < 0.001). When groups were
s a percentage of total foot pressure. Data are presented for each step
n the steps



Fig. 3 Peak pressure determined in different foot regions and expressed as a percentage of total foot pressure. Data are presented for each step
and group in the four days of measurement. * indicates difference between the steps

Fig. 4 Mean and peak pressure compared between the four days of measurement for each group and foot region. # indicates difference between all
foot regions. † indicate difference in the rearfoot (RF) and forefoot (FF) compared to midfoot (MF) * indicates difference between the days
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Table 1 Coefficient of variation determined for each day, foot region and group, considering data of mean and peak pressure. Data are
expressed in percentage (%) considering mean and standard deviation data from each foot region. FF: forefoot; MF: midfoot; FR: rearfoot

Variable Group Foot region Day 1 (%) Day 2 (%) Day 3 (%) Day 4 (%)

Mean pressure variability Children FF 13.6 (7.6) 12.2 (5.8) 9.1 (3.9) 7.8 (4.0)

MF 29.5 (5.9)* 27.0 (5.7)* 26.6 (6.1)* 24.6 (12.3)*

RF 14.3 (2.7) 13.5 (2.5) 14.3 (5.0 11.3 (3.0)

Adults FF 10.2 (1.3) 9.3 (1.8) 9.7 (2.0 10.5 (2.2)

MF 38.4 (8.0)*# 29.9 (5.1)*# 34.1 (7.8)*# 34.1 (7.4)*#

RF 11.8 (5.0) 9.1 (3.2) 10.4 (4.4) 9.8 (1.4)

Older adults FF 14.2 (2.8) 15.9 (3.4) 12.7 (1.7) 12.8 (2.6)

MF 26.1 (3.9)* 29.5 (10.1)* 25.6 (6.0)* 23.1 (4.7)*

RF 10.7 (2.5) 10.7 (3.0) 12.4 (3.0) 10.0 (1.8)

Peak pressure variability Children FF 14.9 (7.3)$ 13.5 (3.7)$ 11.3 (2.7)$ 10.6 (2.5)$

MF 41.2 (6.3)* 37.7 (4.0)* 36.8 (4.0)* 32.7 (9.8)*

RF 20.4 (2.8)+ 18.4 (2.1)+ 19.5 (2.1)+ 16.0 (2.9)+

Adults FF 7.9 (1.4)$+ 6.8 (1.7)$+ 9.9 (1.8)$+ 8.4 (1.6)$+

MF 43.7 (6.9) * 38.8 (5.5) * 42.6 (7.7) * 43.2 (7.8) *

RF 13.4 (4.5) 10.2 (2.8) 11.9 (1.7) 10.4 (1.4)

Older adults FF 17.0 (1.4)$+ 18.0 (1.8)$+ 15.0 (1.9)$+ 16.0 (2.3)$+

MF 40.8 (4.8)* 44.2 (9.7)* 41.5 (5.1)* 36.3 (4.8)*

RF 19.3 (5.6) 16.7 (3.8) 19.6 (2.7) 17.1 (3.1)

* different of FF and RF (P < 0.05); $ different of RF and MF (P < 0.05); # different of children and older adults (P < 0.05); + identify days that differed between
them (P < 0.05)
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compared, the only difference relies on the mean pres-
sure variability in the midfoot that showed an effect for
age (F (2) = 8.88; P = 0.002), being higher in adults com-
pared to older adults. Mean pressure variability in other
foot regions did not differ between groups.
Peak pressure variability differed between the days

in the different groups and foot regions. In children,
variability of peak pressure in the rearfoot differed be-
tween the days (F (3) = 4.84; P = 0.015), while in
adults (F (3) = 5.37; P = 0.011) and older adults (F (3)

= 8.12; P = 0.002) differences were observed in the
forefoot. No differences were observed in foot regions
not mentioned. When peak pressure variability was
compared between the regions, regardless of the day
of assessment, children showed higher variability in
the midfoot, followed by the rearfoot and then fore-
foot (F (2) = 67.21; P < 0.001). Among adults, higher
variability also was observed in the midfoot, followed
by the rearfoot and then forefoot (F (2) = 177.1;
P < 0.001). Older adults showed higher peak pressure
variability in the midfoot, while rearfoot and forefoot
did not differ (F (2) = 177.1; P < 0.001).
We compared peak pressure variability between the

groups and found that variability in the forefoot was
higher in adults and older adults, which differed of chil-
dren (F (2) = 11.26; P = 0.006). An age effect was also ob-
served for rearfoot peak pressure variability (F (2) = 6.21;
P = 0.010), which was higher in children compared to
adults and older adults.

Discussion
In this study we set out to determine within and
between-days repeatability of plantar pressure in partici-
pants from different age groups. Our main findings sug-
gest that plantar pressure in the children and adults can
be described by a single-day assessment, but elderly may
require assessments in more than one day. Furthermore,
foot region showing higher variability in peak pressure
differs between age groups. It might be of special inter-
est when analyzing peak pressure, which is frequently as-
sociated with sites of foot injuries. Additionally, our data
show that measurement of plantar pressure variability is
influenced by age and foot region.
The lack of difference between the steps for most of

the variables obtained from a single-day assessment has
two main implications. One concerns a methodological
aspect, in which repeatability of the measurement in-
creases as the number of records increases [18]. In the
other hand, the lack of differences in the magnitude of
pressure may reflect repeated loading over the foot re-
gions. Is has been suggested that foot injuries depend on
the magnitude of load, especially in the rearfoot [19] and
the head of the metatarsals [20]. We observed that plan-
tar pressure differed between some of the steps of
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children in the last day of assessment. However, differ-
ences were between a few particular steps and it is pos-
sible that after the repeated days of testing children were
impatience and it might have affected their gait pattern.
Despite of differences observed only in the last day,
other possible explanation is the higher within-trials
variability in spatial gait parameters, which is know to be
higher among children [21].
Differences in mean plantar pressure between the foot

regions were similar in children and adults (see Fig. 4).
Children and adults showed smaller peak pressure in the
midfoot and similar peak pressure in the rearfoot and
forefoot. In the older adults higher peak pressure oc-
curred in the forefoot, followed by rearfoot and midfoot.
Higher peak of pressure in the forefoot in older adults
may rely on altered foot sensitivity in the midfoot and
rearfoot. According to a previous research [22], the for-
ward shift in plantar pressure (away from the insensitive
heel) constitutes a strategy of older adults to maintain bal-
ance. This hypothesis is reinforced by the results of vari-
ability in the peak pressure, which was higher in the
forefoot of older adults and may be a strategy of older
adults to promote propulsion during weight bearing [22].
Assuming that pressure did not differ between steps

within each day, we compared the mean values between
the fours days of measurement. Children and adults pre-
sented similar peak pressure in different days, but in
older adults peak values differed between all the days.
Children gait suffer continuous adaptations until the
adulthood, and therefore some patterns of gait change
very fast [23]. However, after reaching the adult age, pat-
terns can be much more stable [14]. We observed that
peak pressure varied between the days in older adults.
One could argue that variability in the gait speed could
determine the variability in peak pressure in older adults.
However, gait speed variability in the older adults was
11.23%, which is similar to the 12.80% observed in adults
whom showed no differences in the peak pressure be-
tween the days. It is possible that variability in the peak
pressure rely on tissue characteristics for impact absorp-
tion in the elderly, especially stiffness observed in the
rearfoot and midfoot [24, 25]. This hypothesis may find
support on the higher variability in pressure observed
among older adults in comparison to the other groups
and the apparent higher dependence on forefoot sensi-
tivity during weight bearing tasks [22].
The age group showed influence on pressure across

the regions of the foot. Children and young adults
showed similar patterns of plantar pressure distribution
with pressure varying between the regions but higher in
the rearfoot. In the older adult loading on midfoot was
larger than in children and adults. The change in mid-
foot pressure may rely on increased stiffness in forefoot
(hallux and metatarsal I, III and V) as result of aging
[25]. The higher variability in the peak pressure in fore-
foot among older adults can also be related to the
change in foot landing pattern leading to longer contact
time during support phase of gait [12].
Our study has inherent limitations. We opted for par-

ticipants walking at preferred speed. Walking speed may
affect plantar pressure and to minimize its effects we
considered pressure data normalized to the foot total
pressure. Participants were evaluated barefoot, which do
not permit to infer on shod walking.

Conclusion
Plantar pressure in children and adults is consistent within
and between-days. In other hand, plantar pressure in older
adults requires measurements in different days to deter-
mine the plantar pressure, especially peak values.
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