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Article

Introduction

The most commonly used complementary studies for foot 
evaluation (radiography, computed tomography, mag-
netic resonance imaging, static footprints, etc.) are static, 
although the foot is one of the most dynamic structures of 
the human body.6,18,19 Weightbearing computed tomogra-
phy (CT) is among the major advances.23

Gait studies have primarily been conducted in biome-
chanics laboratories, benefiting from ideal conditions such 
as ample physical space, multiple 3D capture cameras, and 
kinematics analysis.4,12,16 They still continue to be used, 
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Abstract
Background: The aim was to analyze changes in normal functional parameters of gait analysis by aging, sex, and body 
mass index (BMI).
Methods: A cross-sectional study with a consecutive sample of asymptomatic subjects was performed between 2014 
and 2020. Primary outcomes were time and force parameters (contact time and center of force [CoF] time), in the heel, 
midfoot, and metatarsal areas, measured using an in-office force platform.
Results: A total of 156 subjects (312 feet) were included, including 67% of women with a mean age of 47 years. The mean 
of total contact time was similar in males and females (P = .695) and across BMI (P = .413). Contact time did not show 
differences by region (P = .648 heel, P = .286 midfoot, and P = .690 metatarsal). CoF time in the heel and metatarsal areas did 
not change between males and females (P = .288 and P = .879, respectively); meanwhile, it was different in midfoot (P = .002). 
Maximum force showed a reduction between sexes in the heel (P = .039) but did not in the midfoot and metatarsal areas. 
By age, differences were detected in the heel and metatarsal areas in females (P = .002 and P = .001) and the metatarsal 
area in males (P = .001). According to the age groups, total contact time increased in females (P = .001) but not in males 
(P = .018), and no differences were detected between foot areas. In females, CoF time did not change either foot areas or 
age groups. In males, CoF time values increased in the midfoot area in the older group (P = .001).
Conclusion: Time variables did not change by foot region, independent of age, sex, and BMI. Heel maximum force 
decreased in females, probably linked to adaptive phenomena by aging. The midfoot remains stable, and acts as an 
undamaged “bridge.” These parameters could be interpreted as normal in asymptomatic subjects.

Level of Evidence: Level III, diagnostic and prognostic.

Keywords: gait analysis, maximum force, contact time, asymptomatic patients, center of force, force platform, ground 
reaction force, foot functional parameters
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such as cadaveric study,9 and results of the first metatarso-
phalangeal arthroplasty.14

Time-linked and force parameters can be captured with a 
small force platform, with proven validity and reliability, in 
a reduced space. Unfortunately, it is not common practice in 
the orthopaedist’s office.11,20,22

Grundy et al7 analyzed force and time parameters in the 
rearfoot, midfoot, and forefoot. Jameson et al13 provided 
measurements in young and adolescents. Hillstrom et al11 
reported functional analysis related to foot morphologic 
types. Mootanah et al20 observed that gait parameters were 
modified by anthropometric and foot structure differences 
and agreed on the need for new data in healthy people.

Few reports analyzed force and time values concerning age 
and sex, in asymptomatic patients. Kernozek observed a less 
propulsive gait pattern and reduced velocity in older people.15 
Hessert and Scott compared young and elderly groups. The 
latter watched flatter feet in older.10,26 Consistently, Morag 
and Cavanagh21 linked aging to foot arch drop.

However, there are still controversies. A recent system-
atic review consistently reported heterogeneity in defini-
tions and normal values.25

Our hypothesis is that there would be an increase in total 
foot contact time with aging possibly linked to a decrease 
in peak force at the heel level, caused by a loss of strength 
of muscles involved in the first 20% of the stance phase,1 
slowing of the center of force in the midfoot region, and 
delaying the arrival at the forefoot, losing propulsion in 
both sexes. A higher body mass index (BMI) could modify 
this situation. This study aimed to describe the results of 
force and time parameters during the stance phase of gait in 
asymptomatic subjects, exploring differences related to 
agestratified by groups, sex, and BMI using an in-office 
force platform.

Methods

Design, Setting, and Participants

A retrospective cross-sectional study was performed that 
included asymptomatic subjects, and volunteers, who were 
measured with a force platform between 2014 and 2020, in 
the author's office, in the Autonomous City of Buenos Aires, 
Argentina.

Data were collected in a prospective registry with a con-
secutive sample of subjects. Inclusion criteria were asymp-
tomatic subjects who voluntarily consented to undergo a 
gait study, regardless of the morphologic foot type. The 
subjects came through the web page, interested in knowing 
what their footprint was like and whether the gait study 
would help them to buy better running shoes or whether 
they needed to wear orthoses; others were companions of 

patients with pathology and also friends of the sports club. 
No radiographs were requested.

Exclusion criteria were fracture or surgery in the lower 
limbs in the last 6 months, rheumatoid arthritis, and/or neu-
rologic diseases and asymptomatic contralateral side in 
patients with pathology in one foot.

Data Collection

A force platform (TekScan MatScan (Boston, MA, USA) 
5 mm thick and an area of 46 cm by 37 cm with 2288 sensors 
(1.4 sensors/cm2) with 440 Hz transmission speed was used 
for the measurements. The force platform only captures the 
stance phase of gait, allowing the analysis of the ground reac-
tion force (GRF) and the center of force (CoF) trajectory, 
similar to that used in the Framingham study.8 Force values 
were normalized as a percentage of the body weight (%BW).26

For data capture, each individual performed a 2-step 
baseline protocol that proved to be reproducible in other 
studies.2 Five steps of the left foot and 5 of the right foot 
were measured.14,29 Data collection was performed by 2 
assistants, repeating the study from the beginning when it 
was inadequate or erroneous.

Study Outcomes

Primary outcomes were defined as variables related to time 
and force, using the 3 Box software (TekScan MatScan), 
considering 3 areas of the foot—heel, midfoot, and metatar-
sal, discarding values at the toe level.7,13

The following variables were collected:

•  Total contact time (second) (TCT): the time elapsed 
from the first contact of the foot on the ground to the 
last contact of the same foot (represents the stance 
phase of gait).

•  Center of force excursion index (CoFEI %): This 
measures the concavity or medial-lateral deviation of 
the center of force (CoF) trajectory relative to the 
width of the foot. Values are positive.8

•  Heel contact time (% total contact): the time elapsed 
from the first contact to the last contact in the heel 
area.

•  Heel maximum force (%BW): the normalized maxi-
mum force load as a percentage of body weight dur-
ing contact time in the heel area.

•  Heel CoF time (% total contact): the time elapsed 
from the first contact of the force on the heel until it 
reaches the anterior limit of the Heel Box.

•  Midfoot contact time (% total contact): the time 
elapsed (in percentage) from the first contact to the 
last contact in the midfoot box, located between the 
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anterior limit of the heel box and the posterior limit 
of the metatarsal box.

•  Midfoot maximum force (%BW): the normalized 
maximum force load as a percentage of body weight 
during contact time in the midfoot area, defined 
between the anterior limit of the heel box and the 
posterior limit of the metatarsal box.

•  Midfoot CoF time (% total contact): the time elapsed 
by the force from the anterior limit of the heel box 
until the posterior limit of the metatarsal box.

•  Metatarsal contact time (% total contact): the time 
elapsed from the first contact to the last contact in the 
metatarsal area.

•  Metatarsal maximum force (%BW): the normalized 
maximum force load as a percentage of body weight 
during contact time in the metatarsal area.

•  Metatarsal COF time (% total contact): the time 
elapsed by the force from the posterior to the anterior 
limit of the metatarsal box.

Ethical Considerations

All participants signed the informed consent of confidenti-
ality in order to use data for analysis and publication. Ethics 
approval was obtained from the institutional review board.

Bias

The biases of the present project are selection bias (reduced 
by the consecutive sample) and information bias related to 
a single-day measurement.

Sample Size

An a priori power calculation was performed for the pri-
mary outcomes (stance time, midfoot maximum force, heel 
maximum force, and metatarsal maximum force) using 
Stata (StataCorp LLC, College Station, TX). The following 
assumptions were made: (1) power ≥ 0.80; (2) α = 0.05 as a 
significance level; (3) 2-tailed tests; and (4) the minimum 
clinically important differences were deemed for each goal. 
According to this information, 84 feet were needed in the 
worst scenario.

Statistical Analysis

Categorical data were reported with descriptive statistics. 
The mean and SD or median and interquartile range (IQR) 
were calculated for numerical variables and percentage and 
absolute frequency for categorical variables. Quantile regres-
sion was determined for stance time and age. To explore sex 
differences, t-tests were used for comparisons, with a P 
value <.05 defined as statistical significance. To explore age 

differences, multiple χ2 with additional Bonferroni correc-
tion for multiple hypotheses (6 categories by decades) were 
used, with a P value <.001 defined as statistical significance. 
All analyses were performed using Stata, version 18.0.

Results

A total of 312 feet corresponding to 156 asymptomatic sub-
jects were included, with functional measurements recorded 
with a force platform. Ages ranged from 20 to 82 years, 
mean of 47.4 years (SD 16.1), and BMI between 16.9 and 
30.9. Females represented 67.3% of the sample.

Table 1 describes the clinical variables regarding base-
line characteristics and comparisons according to sex. The 
mean BMI was higher in males (24.74 vs. 22.56; P = .01), 
whereas females showed a higher mean age (50.00 vs. 
43.11) (P = .0003).

Gender Comparisons

Stance time and CoF excursion index. The mean total contact 
time in seconds did not differ between males and females: 
0.78 seconds (SD 0.07) and 0.78 seconds (SD 0.09), respec-
tively (P = .6959). However, a significant difference 
(P = .0001) was observed in relation to the mean CoF excur-
sion index (CoFEI): 20.07% (SD 7.9) in men and 14.91% 
(SD 6.11) in women.

Heel. No differences were observed in heel contact time 
between the sexes (P = .6480) (Figure 1A). Also, no differ-
ences were observed between the sexes in heel CoF time 
(P = .2885) (Figure 1B). However, a difference (P = .0390) 
was observed in the mean normalized maximum force: 
70.7% (SD 7.65) for males and 68.7% (SD 8.6) for females 
(Figure 2A). Absolute values of heel maximum force were 
53.78 kg (SD 8.5) in males and 40.86 kg (SD 7.00) in 
females (P = .0001) (Figure 2B).

Midfoot. No differences were observed in Midfoot Contact 
time between the sexes (P = .2865) (Figure 1A). However, 
the Midfoot CoF time was higher in females than males 
(26.6% [SD 5.63] and 24.6% [SD 5.25], respectively; 
P = .0029) (Figure 1B).

The normalized maximum force was similar in both 
sexes (P = .4024) (Figure 2A). In absolute values of midfoot 
maximum force, no differences were observed between the 
sexes (P = .0740) (Figure 2B).

Metatarsal. No differences were observed in metatarsal 
contact time between sexes (P = .6902) (Figure 1A), neither 
differences in relation to metatarsal CoF time (P = .8797) 
(Figure 1B) nor in normalized metatarsal maximum force 
(P = .1946) (Figure 2A). Absolute values of metatarsal 
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maximum force were 65.74 kg (SD 10.72) in males and 
52.50 kg (SD 9.40) in females (P = .0001) (Figure 2B).

Age-Related Comparisons

Based on 6 age groups, the findings were explored in males 
and females (Tables 2 and 3, respectively).

Stance Time. As shown in Table 2, the mean of total contact 
time in males presented a progressive not significant 
increase (P = .0183), whereas in females the difference was 
significant in the age category 40-49 years compared to 
30-39 years (P = .0001) (Table 3). Figure 3 represents the 
percentile Q50 of Stance Time values, using a generalized 
linear regression model.

Table 1. Baseline Characteristics and Comparison of Force and Time Variables Between Sexes in 3 Regions of the Foot (Heel, 
Midfoot, and Metatarsal) in 156 Asymptomatic Patients.a

All
(n = 312)

Men
(n = 102)

Women
(n = 210) P Value

Demographic characteristics
Age, y 47.4 (16.1) 43.11 (15.21) 50.00 (15.70) .0003
Body mass index 23.27 (2.83) 24.74 (2.31) 22.56 (2.79) .0001
Force and time variables in the heel, midfoot, and metatarsal area
Stance time, s 0.78 (0.08) 0,78 (0.07) 0.78 (0.09) .6959
CoFEI, % 16.60 (7.16) 20.07 (7.90) 14.91 (6.11) .0001
Heel contact time, % 63.28 (6.27) 63.04 (6.74) 63.39 (6.04) .6480
Heel maximum force, %BW 69.34 (8.39) 70.75 (7.65) 68.66 (8.66) .0390
Heel maximum force, kg 45.08 (9.67) 53.78 (8.56) 40.86 (7.00) .0001
Heel CoF time, % 20.02 (4.50) 20.41 (4.64) 19.83 (4.44) .2885
Midfoot contact time, % 66.72 (5.66) 67.21 (4.82) 66.48 (6.02) .2865
Midfoot maximum force, %BW 15.86 (8.19) 15.30 (7.29) 16.13 (8.59) .4024
Midfoot maximum force, kg 10.63 (6.68) 11.60 (5.54) 10.16 (7.13) .0740
Midfoot CoF time, % 25.99 (5.58) 24.64 (5.25) 26.64 (5.63) .0029
Metatarsal contact time, % 92.62 (3.64) 92.50 (3.99) 92.68 (3.47) .6902
Metatarsal maximum force, %BW 87.50 (9.57) 86.50 (9.77) 88.00 (9.45) .1946
Metatarsal maximum force, kg 56.83 (11.64) 65.74 (10.72) 52.50 (9.40) .0001
Metatarsal CoF time, % 46.25 (5.96) 46.17 (6.00) 46.28 (5.96) .8797

Abbreviations: BW, Body Weight; CoF, center of force; CoFEI, center of force excursion index.
aValues are mean (SD). Boldface indicates statistical significance (P < .05).
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Figure 1. Time variables comparing males and females: (A) contact time in percentage by foot regions, no differences were observed 
in the heel (P = .6480), midfoot (P = .2865), and metatarsal area (P = .6902). (B) Center of force time (in %) by foot regions. No 
differences were observed in the heel (P = .2885) and metatarsal area (P = .8797). Midfoot (P = .0029) = 24.64% (5.25) in males and 
26.64% (5.63) in females in the total sample.
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Figure 2. Force variables comparing males and females: (A) Maximum force by foot regions normalized in percentage of the 
bodyweight in the heel (P = .0390), midfoot (P = .4024), and metatarsal regions (P = .1946). (B) Maximum force by foot regions in 
absolute values expressed in kilograms: heel (P = .0001), midfoot (P = .0740), and metatarsal region (P = .0001).

Table 2. Foot Functional Parameters (FFP) in Males Stratified by Age (n = 102).a

Age 20-29 y Age 30-39 y Age 40-49 y Age 50-59 y Age 60-69 y Age >70 y

 n=26 n=20 n= 18 n=22 n=10 n=6 P Value

Body mass index 24.17 (2.21) 25.85 (1.90) 24.37 (1.68) 25.56 (2.74) 24.28 (2.29) 22.34 (1.41) .0043
Stance time, s 0.77 (0.07) 0.75 (0.06) 0.79 (0.08) 0.81 (0.05) 0.83 (0.04) 0.80 (0.06) .0183
CoFEI, % 22.26 (8.51) 20.95 (5.14) 24.38 (7.72) 15.45 (7.03) 12.70 (5.20) 24.00 (4.73) .0001
Heel contact time, % 61.11 (8.22) 61.50 (5.96) 63.22 (4.94) 62.77 (6.45) 68.40 (1.34) 68.16 (8.03) .0197
Heel maximum force (%BW) 72.65 (6.85) 68.35 (6.64) 70.61 (7.79) 69.72 (7.71) 72.10 (11.41) 72.83 (5.74) .4355
Heel CoF time, % 20.15 (6.03) 20.65 (5.19) 21.33 (3.06) 20.90 (4.08) 19.70 (2.11) 17.33 (4.84) .5628
Midfoot contact time, % 66.69 (5.05) 67.95 (4.71) 65.44 (5.23) 67.18 (4.79) 68.30 (3.12) 70.66 (4.21) .2397
Midfoot maximum force (%BW) 16.84 (7.77) 18.95 (7.65) 12.16 (6.59) 14.77 (6.80) 12.50 (5.70) 12.50 (4.76) .0311
Midfoot CoF time, % 24.15 (5.24) 23.90 (4.87) 23.55 (4.09) 23.09 (4.77) 28.80 (3.67) 31.33 (6.88) .0010
Metatarsal contact time, % 92.92 (4.81) 92.95 (2.81) 92.77 (3.22) 90.22 (4.49) 92.90 (1.96) 96.16 (2.92) .0208
Metatarsal maximum force (%BW) 91.53 (7.74) 86.30 (8.69) 88.72 (9.99) 83.63 (6.64) 74.00 (11.02) 90.00 (9.31) .0001
Metatarsal CoF time, % 47.46 (7.04) 45.85 (5.52) 47.11 (6.06) 45.86 (3.97) 42.60 (5.66) 46.00 (8.67) .3849

Abbreviations: BW, Body Weight; CoF, center of force; CoFEI, center of force excursion index.
aValues are mean (SD). Boldface indicates statistical significance (P < .05).

Table 3. Foot Functional Parameters (FFP) in Females Stratified by Age (n = 210).a

Age 20-29 y Age 30-39 y Age 40-49 y Age 50-59 y Age 60-69 y Age 70-79 y

 n=26 n=38 n=26 n=48 n=50 n=22 P Value

Body mass index 20.78 (2.18) 22.72 (3.12) 22.08 (3.16) 22.31 (2.35) 23.94 (2.73) 22.35 (2.02) .0001
Stance time, s 0.72 (0.58) 0.70 (0.07) 0.79 (0.09) 0.79 (0.08) 0.84 (0.08) 0.82 (0.06) .0001
CoFEI, % 12.15 (5.18) 16.84 (4.75) 16.50 (7.04) 13.16 (4.81) 15.74 (6.88) 14.95 (7.15) .0069
Heel contact time, % 65.38 (5.08) 63.39 (6.99) 64.92 (4.48) 62.75 (4.74) 61.92 (6.45) 64.00 (7.77) .1426
Heel maximum force (%BW) 74.00 (6.88) 69.02 (8.15) 69.65 (9.00) 69.25 (7.76) 65.46 (9.29) 66.59 (8.55) .0018
Heel CoF time, % 21.53 (4.09) 19.65 (4.43) 19.00 (4.35) 20.75 (4.99) 18.96 (3.68) 19.09 (4.77) .0922
Midfoot contact time, % 66.46 (7.11) 66.63 (7.23) 68.42 (4.75) 66.81 (4.88) 65.94 (5.41) 64.50 (7.10) .3441
Midfoot maximum force (%BW) 12.50 (7.35) 15.68 (6.60) 17.96 (9.63) 17.10 (8.83) 17.26 (9.39) 14.36 (8.58) .1376
Midfoot CoF time, % 26.00 (6.01) 26.73 (6.66) 27.69 (4.18) 25.87 (6.13) 26.32 (4.50) 28.45 (5.91) .4724
Metatarsal contact time, % 91.57 (3.33) 92.23 (3.15) 92.23 (4.17) 92.39 (3.89) 93.62 (2.91) 93.81 (2.97) .0725
Metatarsal maximum force (%BW) 82.34 (12.85) 85.36 (11.15) 91.03 (8.31) 87.89 (8.11) 89.96 (7.20) 91.40 (6.15) .0010
Metatarsal CoF time, % 43.53 (6.43) 46.52 (6.65) 46.15 (4.96) 45.66 (5.52) 48.08 (5.56) 46.54 (6.23) .0562

Abbreviations: BW, Body Weight; CoF, center of force; CoFEI, center of force excursion index.
aValues are mean (SD). Boldface indicates statistical significance (P < .05).



6 Foot & Ankle Orthopaedics

Comparisons by Gender and Age

Stance time. Tables 4 and 5 refer to the normal values of 
total contact time in seconds, according to sex and age. The 
values corresponding to Q1, Q25, Q50, Q75 and Q99 are 
shown.

Heel. Related to heel contact time, no differences were 
observed between age groups, neither males (P = .0197) nor 
females (P = .1426) (Figure 4A). No differences were 
observed in heel CoF time for males (P = .5628) or females 
(P = .0922) (Figure 5A). The normalized heel maximum 
force in males did not show differences between age groups 
(P = .4355); at the same time, in females, a decrease was 
observed from a mean of 74% to 65% respectively (P = .001) 
between 20 and 29 years, compared with 60-69 years  
(Figure 6A) (Tables 2 and 3).

Midfoot. No differences were observed in midfoot contact 
time comparing the 6 age groups either for males (P = .2397) 
or females (P = .3441) (Figure 4B).

The midfoot CoF time showed an increase in relation to 
the age groups in males (P = .0010), from a mean of 23% to 
29% comparing the 50-59 years age group to the 60-69 years 
age group, whereas in females, no differences were observed 
(P = .4724) (Figure 5B).

For the normalized midfoot maximum force, no differ-
ences were observed between age groups for both males 
(P = .0311) and females (P = .1376) (Figure 6B) (Tables 2 
and 3).

Metatarsal. No differences were observed in metatarsal 
contact time comparing the 6 age groups, neither for males 
(P = .0208) nor females (P = .0725) (Figure 4C). There 
were also no differences between age groups for metatarsal 
CoF time either in males (P = .3849) or females (P = .0562) 
(Figure 5C).

Figure 3. Stance time quantile regression by age, stratified in (A) males and (B) females. Generalized linear regression model, the 
percentile Q50 corresponds to a stance time value of 0.78 seconds at 30 years of age and 0.80 seconds at 60 years of age in men, and 
in women, 0.72 seconds and 0.81 seconds respectively.

Table 4. Stance Time Values (in Seconds) by Quantiles (Q1, 
Q25, Q50, Q75, and Q99) in Females.

Age Q1 Q25 Q50 Q75 Q99

1 21.00 0.54 0.65 0.70 0.75 0.89
2 22.00 0.54 0.65 0.70 0.76 0.90
3 23.00 0.54 0.65 0.71 0.76 0.90
4 24.00 0.54 0.66 0.71 0.76 0.90
5 25.00 0.55 0.66 0.71 0.76 0.90
6 26.00 0.55 0.66 0.71 0.77 0.91
7 27.00 0.55 0.67 0.72 0.77 0.91
8 28.00 0.56 0.67 0.72 0.77 0.91
9 29.00 0.56 0.67 0.72 0.77 0.91
10 30.00 0.56 0.67 0.72 0.78 0.92
11 31.00 0.56 0.68 0.73 0.78 0.92
12 32.00 0.57 0.68 0.73 0.78 0.92
13 33.00 0.57 0.68 0.73 0.79 0.93
14 34.00 0.57 0.69 0.74 0.79 0.93
15 35.00 0.57 0.69 0.74 0.79 0.93
16 36.00 0.58 0.69 0.74 0.79 0.94
17 37.00 0.58 0.69 0.74 0.80 0.94
18 38.00 0.58 0.70 0.75 0.80 0.94
19 39.00 0.59 0.70 0.75 0.80 0.94
20 40.00 0.59 0.70 0.75 0.81 0.95
21 41.00 0.59 0.71 0.76 0.81 0.95
22 42.00 0.59 0.71 0.76 0.81 0.95
23 43.00 0.60 0.71 0.76 0.82 0.96
24 44.00 0.60 0.71 0.77 0.82 0.96
25 45.00 0.60 0.72 0.77 0.82 0.96
26 46.00 0.61 0.72 0.77 0.82 0.97
27 47.00 0.61 0.72 0.77 0.83 0.97
28 48.00 0.61 0.73 0.78 0.83 0.97
29 49.00 0.61 0.73 0.78 0.83 0.97
30 50.00 0.62 0.73 0.78 0.84 0.98
31 51.00 0.62 0.74 0.79 0.84 0.98
32 52.00 0.62 0.74 0.79 0.84 0.98
33 53.00 0.63 0.74 0.79 0.85 0.99

 (continued)
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Age Q1 Q25 Q50 Q75 Q99

34 54.00 0.63 0.74 0.80 0.85 0.99
35 55.00 0.63 0.75 0.80 0.85 0.99
36 56.00 0.63 0.75 0.80 0.86 1.00
37 57.00 0.64 0.75 0.80 0.86 1.00
38 58.00 0.64 0.76 0.81 0.86 1.00
39 59.00 0.64 0.76 0.81 0.86 1.01
40 60.00 0.65 0.76 0.81 0.87 1.01
41 61.00 0.65 0.77 0.82 0.87 1.01
42 62.00 0.65 0.77 0.82 0.87 1.02
43 63.00 0.66 0.77 0.82 0.88 1.02
44 64.00 0.66 0.78 0.83 0.88 1.02
45 65.00 0.66 0.78 0.83 0.88 1.03
46 66.00 0.66 0.78 0.83 0.89 1.03
47 67.00 0.67 0.79 0.84 0.89 1.03
48 68.00 0.67 0.79 0.84 0.89 1.04
49 69.00 0.67 0.79 0.84 0.90 1.04
50 70.00 0.68 0.79 0.85 0.90 1.04
51 71.00 0.68 0.80 0.85 0.90 1.05
52 72.00 0.68 0.80 0.85 0.91 1.05
53 73.00 0.69 0.80 0.86 0.91 1.05
54 74.00 0.69 0.81 0.86 0.91 1.06
55 75.00 0.69 0.81 0.86 0.92 1.06
56 76.00 0.70 0.81 0.87 0.92 1.06

Table 5. Stance Time Values (in Seconds) by Quantiles (Q1, 
Q25, Q50, Q75, and Q99) in Males.

Age Q1 Q25 Q50 Q75 Q99

1 18.00 0.60 0.72 0.77 0.83 0.98
2 19.00 0.60 0.72 0.77 0.83 0.98
3 20.00 0.60 0.72 0.77 0.83 0.98
4 21.00 0.60 0.72 0.77 0.83 0.98
5 22.00 0.60 0.72 0.77 0.83 0.98
6 23.00 0.60 0.72 0.78 0.83 0.98
7 24.00 0.61 0.72 0.78 0.83 0.98
8 25.00 0.61 0.73 0.78 0.83 0.98
9 26.00 0.61 0.73 0.78 0.83 0.98
10 27.00 0.61 0.73 0.78 0.83 0.97
11 28.00 0.61 0.73 0.78 0.83 0.97
12 29.00 0.61 0.73 0.78 0.83 0.97
13 30.00 0.62 0.73 0.78 0.83 0.97
14 31.00 0.62 0.73 0.78 0.83 0.97
15 32.00 0.62 0.73 0.78 0.83 0.97
16 33.00 0.62 0.73 0.78 0.84 0.97
17 34.00 0.62 0.73 0.78 0.84 0.97
18 35.00 0.62 0.74 0.78 0.84 0.97
19 36.00 0.63 0.74 0.79 0.84 0.97
20 37.00 0.63 0.74 0.79 0.84 0.97
21 38.00 0.63 0.74 0.79 0.84 0.97
22 39.00 0.63 0.74 0.79 0.84 0.97

Age Q1 Q25 Q50 Q75 Q99

23 40.00 0.63 0.74 0.79 0.84 0.97
24 41.00 0.63 0.74 0.79 0.84 0.97
25 42.00 0.64 0.74 0.79 0.84 0.97
26 43.00 0.64 0.74 0.79 0.84 0.97
27 44.00 0.64 0.74 0.79 0.84 0.97
28 45.00 0.64 0.75 0.79 0.84 0.97
29 46.00 0.64 0.75 0.79 0.84 0.97
30 47.00 0.64 0.75 0.79 0.84 0.97
31 48.00 0.64 0.75 0.79 0.84 0.97
32 49.00 0.65 0.75 0.80 0.84 0.97
33 50.00 0.65 0.75 0.80 0.84 0.97
34 51.00 0.65 0.75 0.80 0.84 0.96
35 52.00 0.65 0.75 0.80 0.84 0.96
36 53.00 0.65 0.75 0.80 0.84 0.96
37 54.00 0.65 0.76 0.80 0.84 0.96
38 55.00 0.66 0.76 0.80 0.85 0.96
39 56.00 0.66 0.76 0.80 0.85 0.96
40 57.00 0.66 0.76 0.80 0.85 0.96
41 58.00 0.66 0.76 0.80 0.85 0.96
42 59.00 0.66 0.76 0.80 0.85 0.96
43 60.00 0.66 0.76 0.80 0.85 0.96
44 61.00 0.67 0.76 0.80 0.85 0.96
45 62.00 0.67 0.76 0.81 0.85 0.96
46 63.00 0.67 0.76 0.81 0.85 0.96
47 64.00 0.67 0.77 0.81 0.85 0.96
48 65.00 0.67 0.77 0.81 0.85 0.96
49 66.00 0.67 0.77 0.81 0.85 0.96
50 67.00 0.67 0.77 0.81 0.85 0.96
51 68.00 0.68 0.77 0.81 0.85 0.96
52 69.00 0.68 0.77 0.81 0.85 0.96
53 70.00 0.68 0.77 0.81 0.85 0.96
54 71.00 0.68 0.77 0.81 0.85 0.96
55 72.00 0.68 0.77 0.81 0.85 0.96
56 73.00 0.68 0.77 0.81 0.85 0.96
57 74.00 0.68 0.78 0.81 0.85 0.96
58 75.00 0.69 0.78 0.82 0.86 0.96
59 76.00 0.69 0.78 0.82 0.86 0.96
60 77.00 0.69 0.78 0.82 0.86 0.96
61 78.00 0.69 0.78 0.82 0.86 0.96
62 79.00 0.69 0.78 0.82 0.86 0.96
63 80.00 0.69 0.78 0.82 0.86 0.96
64 81.00 0.70 0.78 0.82 0.86 0.96
65 82.00 0.70 0.78 0.82 0.86 0.96

 (continued)

Table 4. (continued) Table 5. (continued)

In normalized metatarsal maximum force, differences 
were observed concerning age variability. In females 
(P = .0010), an increase from a mean of 82% to 91% in the 
20-29 years age group compared to the 70-79 years 
(P = .001) was observed, whereas in males (P = .0001), the 
difference is reflected by a decrease from a mean of 92% to 
84% comparing the 20-29 years group to 50-59 years 
(P = .0001) (Figure 6C) (Tables 2 and 3).
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Figure 4. Contact time in percentage in the entire sample. The x-axis is age (in years), and the y-axis is the value in percentage (%). 
Stratified by areas: (A) heel, (B) midfoot, and (C) metatarsal.

Figure 5. Center of force (CoF) time in the entire sample. The x-axis is age (in years), and the y-axis is the value in percentage (%). 
Stratified by areas: (A) heel, (B) midfoot, and (C) metatarsal.

Figure 6. Maximum force normalized in % of the body weight across the entire sample. The x-axis is age (in years), and the y-axis is 
the value in percentage (%BW). Stratified by areas: heel (A), midfoot (B), and metatarsal (C).
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Comparisons by BMI

Stance time. The mean total contact time did not differ 
across the range of BMI values: from 16.9% to 30.9% in the 
total sample (P = .413) (Figure 7).

Discussion

The mean TCT values were identical in asymptomatic sub-
jects comparing males and females (0.78 seconds), and divi-
sion by age groups showed an increase with age for both 
sexes, representing a slower walking speed.

The TCT increase was reported in older patients, 
although including foot pathologies.26 A 1995 study 
observed a longer TCT in the elderly linked to reduced pro-
pulsion.15 However, there are controversies regarding the 
results. No changes in TCT were observed comparing 
young and old people, although the small sample could 
underpower the results.10 No differences in TCT were found 
when foot types were compared.11

In the present sample, surprisingly no changes were 
observed in TCT related to the entire range of BMI values 
(16.9%-30.9%) (Figure 7).

Regarding the force trajectory (CoFEI), our findings 
could be linked to foot types, gender, and age, as well as 
individual variation related to musculoskeletal factors, soft 
tissues, stiffness or flexibility, etc., which exceeded the 
objective of the present study.8,20

Contact Time and CoF Time by Region

High interobserver reliability was reported for contact and 
CoF time values, by regions and total foot.5

In the present sample, contact and CoF time by regions 
(heel, midfoot, and metatarsal) did not change in the 

different age groups, sex, and BMI. These findings imply 
that there could be a stable and reproducible gait time pat-
tern for asymptomatic subjects in this geographic region. 
This consistency was not previously reported stratified by 
age groups and could be helpful to compare with pathologic 
conditions or for analyzing the results of the interventions. 
Similar results were reported among children and adoles-
cents as well.13

The heel CoF time (about 20% of TCT) is related to the 
power of the stabilizing muscles (gluteus maximum, vastus 
medialis, and lateralis), the sustainability of the body during 
gait, and foot dorsiflexor muscles after the initial contact 
phase.1,3,11

The metatarsal CoF time value (close to 46%) will 
depend on the ability of the center of force to reach the 
metatarsal area and the propulsive force generated mainly 
by the foot plantarflexors.1,3 Both values (heel and metatar-
sal CoF time) are mainly related to muscle strength and 
could be useful for detecting pathologic conditions or mus-
cle weakness. Also, they could be predictors of instability 
and fall risk, especially in older people.12,15 Moreover, the 
CoF time values could be modified in lower limb length 
discrepancy.22

The midfoot CoF time value was higher in females 
(24.6% vs 26.6% M/F) and there was a tendency to increase 
by aging without significance in both sexes although the 
older groups in males may be underpowered. An intact mid-
foot acts like a “suspension bridge” where forces transit 
toward the metatarsal region.3 The importance of the entire 
structure was previously reported.28,30,31

However, the results on arch height are controversial. A 
decrease in the internal arch height and thus a change in the 
CoF time value was observed over the years.21 Similar 
results were reported in older patients including hallux val-
gus patients.26 Those results differ from other authors10 and 
the present study, where no differences between young and 
old subjects were observed in the midfoot contact and CoF 
time values. Differences according to foot type were also 
reported.20 A detailed description of biomechanical changes 
in normal and flat feet was published in 2003.28

Maximum Force by Region

The normalized heel maximum force represents the strength 
of the stabilizing muscles after the initial contact during the 
stance face. In females, a reduction was observed compar-
ing age groups (from 74% to 65%), which could be related 
to a loss of muscle strength.1

The midfoot maximum force remained stable (average 
15%) regardless of sex, age, and BMI, in both sexes over 
the age groups (Figure 6B). This consistency is probably 
linked to a preserved foot structure and muscle sustainabil-
ity. Similar results were reported, although with a small 
sample size.10

Figure 7. Stance time (total contact time in seconds) values by 
the body mass index (range 16.9%-30.9%) in the total sample.
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The metatarsal maximum force represents the strength 
of plantar flexors, mainly the triceps surae, which provide 
support and propulsion at the end of the stance face.17 No 
differences were observed between the sexes. However, 
related to age groups, inverse results were observed with a 
decrease in males (91%-84%) and an increase in females 
(82%-91%). This could be explained as an adaptive phe-
nomenon, and the sample size was underpowered in the last 
2 groups of men.

Several limitations of this study must be recognized. 
First, it is a single-center study, which undermines external 
validity in other populations with different characteristics. 
Second, the age subgroups were not homogeneous, with a 
small number of subjects aged ≥75 years because of the dif-
ficulty in finding asymptomatic elderly patients. Third, the 
measurement instrument (force platform) is limited to cap-
turing ground reaction force, leaving out kinematics, elec-
tromyography, radiologic studies, and gait velocity.24,27

Nevertheless, it has great strengths such as the number of 
subjects included in the sample, the balanced ratio between 
men and women, and the feasibility and simplicity of mea-
surements, performed in a specialist’s outpatient clinic 
without ionizing radiation.

Undoubtedly, future studies will be necessary to compare 
morphologic foot types with radiography and force trajec-
tory (CoFEI), pathologic conditions, and foot subregions.

Conclusion

The total contact time increases over time, significantly in 
women, with a trend in men.

Contact time and CoF time did not change by foot region 
independent of age, sex, and BMI. Meanwhile, the heel 
maximum force decreased (mainly in females), probably 
linked to adaptive phenomena by aging and anthropomor-
phic differences.

Midfoot values remained stable with aging. It could be 
explained by a healthy foot (structure, muscles, and joint 
functionality). The midfoot area acts as an intact “bridge” 
where forces are transferred to the metatarsal area during 
the stance phase of gait.

The clinical utility of this information was to obtain 
results in asymptomatic subjects performed in a specialist’s 
outpatient clinic, using a force platform, without ionizing 
radiation, and could be interpreted as normal values.
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