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HIGHLIGHTS 
• The first four measured steps were sufficient to obtain 
peak plantar pressure data with minimal variability 
• This finding applies to children, adults, and older adults 
walking at their preferred gait speed 
• The result was consistent across all assessments 
conducted on different days 
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MF Midfoot 
RF Rearfoot 
SD Standard Deviation 
WHO World Health Organization 
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BACKGROUND: Plantar pressure provides useful information for the study of locomotion. 
Such measure is often conducted based on average of different number of steps. Previous 
studies are not clear regarding the minimum number of observations to reduce group 
variability in determination of peak pressures, especially when comparing people in different 
age groups. 
AIM: To determine the minimum number of steps required to determine peak pressure in 
different regions of the foot during the gait of people from different age groups.  
METHODS: Children (n=12), adults (n=13) and older adults (n=12) underwent measurements 
of plantar pressure using a Matscan pressure mapping system for two days, while walking 
barefoot at their preferred gait speed. Peak pressure was determined for 10 steps in each of 
the days of assessment and analyzed considering foot regions of rearfoot, midfoot and 
forefoot. Peak pressure variability was determined considering data from two to ten steps.  
RESULTS: Four steps measurements showed the lower variability in peak pressure in 
participants from different age groups. Although variability in rearfoot showed to be higher, the 
minimal number of steps we determined was useful to determine peak pressure across the 
different regions of the foot. 
INTERPRETATION: The determination of peak pressure in assessment of gait in able bodied 
participants from different age groups can consider data recorded from four steps.  
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INTRODUCTION 

Plantar pressure distribution during gait can be influenced by several factors, including joint range of motion, anatomical foot 
structure, sex, and body mass 1–3, which in addition to age are also factors that contribute increase measurement variability 4. Peak 
plantar pressure increases from childhood to adulthood and older age, also with changes in the regions experiencing highest peak 
magnitudes. Children exhibit the highest pressures under the heel (rearfoot), while adolescents, adults, and older adults present the 
highest pressures in the metatarsal regions (forefoot) 5. Adolescence is a critical period for plantar load modifications, as there are 
variations in pressure, peak force, and contact area compared to childhood phase 6. The effect of aging on plantar pressure distribution 
during gait is modulated by sex, with older men showing higher mean pressure on the lateral metatarsals and midfoot, and older women 
exhibiting higher mean pressure on the medial metatarsals 7. Anthropometric and functional variables (height, body mass, waist 
circumference, ankle muscle strength) explain a relevant portion of age-related changes 5.  

There are many systems developed with different technologies to measure plantar pressure distribution such as sensor-
equipped insoles inserted inside the shoes, and also sensor-equipped mats of varying sizes that allow greater freedom of movement for 
those being evaluated 3, but commonly used variables to quantify plantar pressure include mean pressure, contact area, and peak 
pressure 8. In this regard, peak pressure is an important variable in the assessment, treatment, and prevention of plantar surface injuries 

9, and it is also a relevant parameter for gait and foot health evaluation  5. Repeated exposure to high peak pressures has been associated 
with the sites of skin lesion development 5,10,11. During gait, certain joint conditions, such as osteoarthritis 12, transient conditions like 
plantar fasciitis 13, and even muscle fatigue 14 can increase plantar peak pressure 4. Moreover, peak pressure measurement is considered 



BJMB          
Brazilian Journal of Motor Behavior 
 

Kunzler et al. 2025 VOL.19 N.1 https://doi.org/10.20338/bjmb.v19i1.521 

 
 

2 of 7 

Research Article 

the best variable for assessments performed with baropodometric systems, which are commonly used in clinical practice, due to the high 
reliability of data reported in previous studies 15. 

Plantar peak pressure data during gait are typically evaluated based on a limited number of steps, but there are differences 
among studies regarding the minimum number of steps needed to reduce measurement variability. Previous studies have used 
measurements from up to three steps 16, up to ten steps 17, or more than twelve steps 18 to determine plantar pressure during gait. 
Assessing a large number of steps (e.g., more than 10) in a single walking trial is often limited because clinical environments may not 
provide sufficient space, and measurements may be affected by acceleration and deceleration, whereas treadmill walking may reflect a 
different pattern than overground walking 19. Furthermore, influence of task familiarization or even the repetition of protocols in different 
days of testing are not commonly addressed in the literature. High relative variability in some plantar pressure measurements has shown 
large values of the minimal detectable change, indicating that more than one step may be necessary to obtain accurate measurements 20. 
Therefore, determining the minimum number of observations needed to minimize variability is important, especially for children 21 and 
older adults, since gait patterns in these populations are more variable 22. 

In addition to the number of steps, it is necessary to consider that an assessment protocol can be influenced by the age of the 
participants 20. Compared to younger adults, older adults have lower plantar sensitivity and shift pressure to more distal regions of the 
foot, such as the forefoot and medial foot, as a strategy to maintain balance 23. Differences in preferred gait speed 24, impact absorption 
capacity of the soft tissues of the foot 25, and plantar sensitivity 26 across age groups can affect plantar pressure measurements if the 
same protocol is applied to participants of different ages.  

Therefore, the question arises: what is the minimum number of steps required to determine peak pressure during gait across 
different age groups? In this study, we measured plantar peak pressure over up to 10 steps for each foot on two separate days of 
assessment. This was performed in children, adults, and older adults, with the aim of determining the number of steps that results in the 
lowest variability in peak plantar pressure for each region, and whether this minimum number of steps is consistent across two different 
testing days. 

 
MATERIALS AND METHODS 
 
Participants and Experimental Design 

We considered individuals up to 12 years of age as children, those between 18 and 64 years as adults, and individuals aged 65 
years or older as older adults. This classification is consistent with definitions commonly used by the World Health Organization (WHO), 
which recognizes 65 years as a conventional threshold for older adulthood due to its association with age-related physiological, 
functional, and health-related changes. These age ranges are also frequently employed in clinical and population-based research, 
facilitating comparability across studies. The sample was formed by convenience and included children (n = 12, 8 women and 4 men), 
adults (n = 13, 7 women, 6 men), and older adults (n = 12, 7 women, 5 men) who were able to walk independently and attended the 
scheduled assessment sessions participated in this study. They were all members of the local community and agreed to voluntar ily 
participate in the study. All participants (or their legal guardians) provided a signed informed consent form. For the children, an assent 
form was also signed. This study was approved by the local institutional research ethics committee (IRB #062011). Participants with 
lower limb injuries in the past year or neuromuscular disorders affecting gait were excluded. Participant characteristics are presented in 
Table 1. 

Participants were assessed while walking barefoot at their preferred speed along a 9-meter straight walkway. A pressure map 
system was placed at mid-distance of the walkway to record plantar pressure. They visited the assessment site on three separate days, 
spaced one week apart. The first day served as a familiarization session with the assessment protocol. On this day, participants signed 
consent and assent forms (when applicable), underwent body mass and height measurements, and completed the gait protocol. The gait 
protocol was repeated on the second and third visits, during which plantar pressure data were collected. All assessments were conducted 
at the same time of day to control for diurnal variations. Preferred walking speed was chosen to ensure participants demonstrated gait 
patterns as close as possible to their usual daily walking rhythm and were monitored using manual timing. 

 
Table 1. Characterization of the participants included in the study. Data are presented as mean (standard deviation).  

Variable Children Adults Older adults 

Age (years) 10 (2) 38 (7) 74 (4) 

Body mass (kg) 44 (16) 71 (16) 70 (14) 

Height (m) 1,43 (0,14) 1,65 (0,08) 1,59 (0,08) 

Gait Speed (m/s) 1,21 (0,09) 1,56 (0,21) 0,89 (0,16) 

*kg: kilograms; m: meters; m/s: meters per second. 
 

Plantar Pressure Assessment 
A computerized pressure-sensitive mat (Matscan, Tekscan Inc., Boston, USA), measuring 60 × 60 cm, was used to record 
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plantar pressure during gait. Data were sampled at 400 Hz for 10 steps per foot on each assessment day. The instrumented mat was 
placed in the middle of the 9-meter walkway, and participants were instructed to walk naturally, without focusing on stepping on the mat. 
At least twenty walking trials were performed, with each trial recording a single step on the mat. Step order in terms of which foot was 
being measured was not predetermined; participants were not instructed to lead with a specific foot. Data collection continued until 10 
steps per foot were recorded. Data from the right foot were considered in the analysis. 

Peak pressure was calculated as the highest pressure value detected by the active sensors 28 in the different foot regions: 
forefoot (FF), midfoot (MF) and rearfoot (RF). The foot regions were defined using software (Research Foot 6.64, Tekscan Inc., Boston, 
MA, USA) and anatomical aspects, determining that the RF comprised 31% of the foot length, the MF comprised 19% of the foot length, 
and the FF comprised 50% of the foot length 25. Data were averaged for each foot region and normalized to the total foot pressure 29. 

 
Determination of the Minimum Number of Steps 

Previous studies have used different approaches to determine the minimum number of steps needed for plantar pressure 
assessment, often considering data from a single age group 21,30,31. In this study, data from 10 consecutive steps per foot, collected on 
each testing day, were used to calculate individual variability for each participant. To avoid the influence of acceleration or deceleration, 
the initial and final steps of each trial were excluded, and only the intermediate steps were analyzed. The standard deviation was 
computed for incremental combinations of the first 2 through 9 steps (i.e., 2, 3, 4, …, 9 steps). To reduce the influence of random 
fluctuations in variability estimates, we defined the optimal number of steps as the minimum number of consecutive steps beyond which 
the inclusion of additional steps no longer resulted in a further reduction in the standard deviation. 

 
Statistical Analysis 

Shapiro-Wilk tests were used to verify the normality of data distribution. Mauchly’s test was applied to assess sphericity. For 
each participant, day, and foot region, peak plantar pressure values from 10 consecutive steps were determined for the right foot. Within-
participant variability was quantified by calculating the standard deviation (SD) of peak pressure for incremental combinations of the first 
n steps (n = 2–9 per participant), using the formula: 

 

 
 

The optimal number of steps was defined as the smallest number of consecutive steps after which the inclusion of additional 
steps did not further reduce the SD, indicating stabilization of variability estimates. This criterion was applied individually to minimize the 
influence of random fluctuations in SD values. To compare groups, foot regions, and assessment days, a repeated measures analysis of 
variance (ANOVA) was conducted with the factors group (3), foot region (3), and day of assessment (2). Statistical analyses were 
performed using the commercial statistical software package SPSS version 20.0 (Chicago, IL, USA), with a significance level set at 0.05. 

 
RESULTS 
 

Peak plantar pressure data from the right foot are depicted in Figure 1, which considers the average data from the two days in 
which peak plantar pressure was measured. 

The lowest standard deviation for peak pressure measurements was observed, on average, for the first four steps in the 
measurement session. Furthermore, when comparing the two assessment days, the minimum number of steps required did not differ 
between days. The minimum number of steps to determine peak pressure with the lowest group variability (Figure 2) was not influenced 
by group (F = 1.206; P = 0.318), foot region (F = 0.006; P = 0.994), or day of assessment (F = 0.952; P = 0.350). No interactions between 
factors were observed (F = 0.455; P = 0.768). 
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Figure 1. Mean and standard deviation data of peak plantar pressure in the right foot for the different groups and different steps. Data are merged considering the two days 
of testing. 

 

 
Figure 2. Mean and standard deviation of the number of steps found in each of the groups to elicit the lower standard deviation in peak pressure for the forefoot (FF), 
midfoot (MF) and rearfoot (RF). 
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DISCUSSION 
 

The present findings indicate that a small number of gait cycles are sufficient to obtain stable plantar peak pressure 
measurements in healthy individuals. Specifically, the consistency observed when using the first four steps measured suggests that peak 
plantar pressure variability is minimized early in the walking sequence, regardless of age group or assessment day. This stability may 
reflect rapid adaptation of gait mechanics to the testing environment, supporting the feasibility of shorter data collection protocols in both 
research and clinical settings using a pressure map system of limited size. 

When compared with previous studies, our results align with evidence showing reduced variability in the initial steps of plantar 
pressure assessment for two different assessment days for children, adults, and older adults. A previous study on plantar pressure and 
specific footwear reported that 12 steps were necessary to obtain reliable and valid plantar pressure data in patients with diabetes 18. 
Another study testing different assessment protocols concluded that plantar pressure variability is lower in the first three steps 1,31. These 
differences highlight the influence of population characteristics on plantar pressure reliability and underscore the need for  population-
specific protocols. 

The minimum number of four steps was observed across different foot regions. However, we noted that a previous investigation 
found slightly higher variability in the rearfoot for children and older adults. Notably, children exhibited higher mean peak pressure in the 
rearfoot 32. This pattern may result from gait characteristics in these age groups, as children have less dense heel tissue, which is more 
compliant to impact and absorbs peak pressure differently  33. In contrast, strong positive correlations between age and plantar tissue 
stiffness suggest that older adults have stiffer plantar tissue 34, which may impair impact absorption during walking 35. Although the RF 
region in children and older groups showed slightly higher variability, our analysis indicates that four steps are generally sufficient to 
capture stable plantar pressure patterns, as additional steps provide minimal further reduction in variability and do not substantially affect 
the overall conclusions. It is possible that small variations in foot landing strategy between participants may account for this variation. 

Our results do not allow conclusions about parameters such as mean pressure or contact area. However, peak pressure is 
often considered the most appropriate parameter for ensuring reliable plantar pressure assessment 14,15. This was one of the reasons we 
focused solely on peak pressure analysis. Moreover, peak pressure measurements tend to be more variable in older adults 22, suggesting 
that four steps may also suffice for mean pressure analysis. Peak pressure is extensively investigated as an indicator of plantar trauma 
and is associated with the sites of rupture and skin lesions 10,11. Therefore, it is important to note that older adults require special attention 
when determining peak pressure, as it appears to be the most variable plantar pressure measure influenced by aging 4,22. 

Our study has limitations. We have included a limited number of participants who walked at their preferred speed. Although this 
choice was made to increase ecological validity, higher walking speeds result in greater plantar pressure, which may affect the minimum 
number of steps required to determine peak pressure values. In the same manner, a proper sample size might also have some effect on 
the results. Several peer-reviewed studies investigating comparable biomechanical and gait-related outcomes have employed sample 
sizes similar to, or smaller than, that used in the present study. For example, research focusing on detailed biomechanical or gait 
analyses, where data collection is intensive and highly controlled, has reported meaningful and representative findings with comparable 
participant numbers 4,18,27.  

Footwear can also influence peak pressure magnitude. We assessed participants barefoot to eliminate footwear effects; 
therefore, the minimum number of steps for assessing peak pressure while wearing shoes may differ. Plantar pressure measurements on 
the ground provide valuable information for clinical evaluation and diagnostic testing in medicine and rehabilitation  36. Remote plantar 
pressure monitoring and specific protocols are still under development, and devices that allow continuous plantar pressure monitoring in 
real-world environments are in early stages. Further research is needed to establish clear guidelines for the number of steps and 
measurement frequency 37 and also consider the application of these findings to participants with clinical conditions related to loss of 
tactile sensitivity.  

 
CONCLUSION 
 

Plantar peak pressure can be reliably determined by using, on average, four steps for children, adults, and older adults walking 
at their preferred gait speed. This result was consistent across assessments conducted on different days and may help build testing 
protocols that might be useful to quickly screen participants and help in clinical decisions for measurements using pressure mat systems. 

 
REFERENCES 
 
1. Buldt AK, Allan JJ, Landorf KB, Menz HB. The relationship between foot posture and plantar pressure during walking in adults: A systematic review. 

Gait Posture. 2018;62:56-67. doi:10.1016/j.gaitpost.2018.02.026 

2. Hallemans A, D’Août K, De Clercq D, Aerts P. Pressure distribution patterns under the feet of new walkers: the first two months of independent 

walking. Foot Ankle Int. 2003;24(5):444-453. doi:10.1177/107110070302400513 



BJMB          
Brazilian Journal of Motor Behavior 
 

Kunzler et al. 2025 VOL.19 N.1 https://doi.org/10.20338/bjmb.v19i1.521 

 
 

6 of 7 

Research Article 

3. Ramirez-Bautista JA, Hernández-Zavala A, Chaparro-Cárdenas SL, Huerta-Ruelas JA. Review on plantar data analysis for disease diagnosis. 

Biocybern Biomed Eng. 2018;38(2):342-361. doi:10.1016/j.bbe.2018.02.004 

4. Franco PS, Moro CF, Figueiredo MM, Azevedo RR, Ceccon FG, Carpes FP. Within and between-days repeatability and variability of plantar 

pressure measurement during walking in children, adults and older adults. Adv Rheumatol Lond Engl. 2018;58(1):15. doi:10.1186/s42358-018-0014-

z 

5. McKay MJ, Baldwin JN, Ferreira P, et al. Spatiotemporal and plantar pressure patterns of 1000 healthy individuals aged 3-101 years. Gait Posture. 

2017;58:78-87. doi:10.1016/j.gaitpost.2017.07.004 

6. Demirbüken İ, Özgül B, Timurtaş E, Yurdalan SU, Çekin MD, Polat MG. Gender and age impact on plantar pressure distribution in 

early adolescence. Acta Orthop Traumatol Turc. 2019;53(3):215-220. doi:10.1016/j.aott.2019.01.006 

7. Gimunová M, Zvonař M, Mikeska O. The effect of aging and gender on plantar pressure distribution during the gait in elderly. Acta Bioeng Biomech. 

2018;20(4):139-144. 

8. Mickle KJ, Steele JR, Munro BJ. Does excess mass affect plantar pressure in young children? Int J Pediatr Obes IJPO Off J Int Assoc Study Obes. 

2006;1(3):183-188. doi:10.1080/17477160600881734 

9. Mueller MJ, Zou D, Lott DJ. “Pressure gradient” as an indicator of plantar skin injury. Diabetes Care. 2005;28(12):2908-2912. 

doi:10.2337/diacare.28.12.2908 

10. Boulton AJ, Hardisty CA, Betts RP, et al. Dynamic foot pressure and other studies as diagnostic and management aids in diabetic neuropathy. 

Diabetes Care. 1983;6(1):26-33. doi:10.2337/diacare.6.1.26 

11. Fernando ME, Crowther RG, Lazzarini PA, et al. Plantar pressures are higher in cases with diabetic foot ulcers compared to controls despite a 

longer stance phase duration. BMC Endocr Disord. 2016;16(1):51. doi:10.1186/s12902-016-0131-9 

12. Rao S, Baumhauer JF, Nawoczenski DA. Is barefoot regional plantar loading related to self-reported foot pain in patients with midfoot osteoarthritis. 

Osteoarthritis Cartilage. 2011;19(8):1019-1025. doi:10.1016/j.joca.2011.04.006 

13. Ribeiro AP, Sacco ICN, Dinato RC, João SMA. Relationships between static foot alignment and dynamic plantar loads in runners with acute and 

chronic stages of plantar fasciitis: a cross-sectional study. Braz J Phys Ther. 2016;20(1):87-95. doi:10.1590/bjpt-rbf.2014.0136 

14. Anbarian M, Esmaeili H. Effects of running-induced fatigue on plantar pressure distribution in novice runners with different foot types. Gait Posture. 

2016;48:52-56. doi:10.1016/j.gaitpost.2016.04.029 

15. De Blasiis P, Caravaggi P, Fullin A, et al. Postural stability and plantar pressure parameters in healthy subjects: variability, correlat ion analysis and 

differences under open and closed eye conditions. Front Bioeng Biotechnol. 2023;11:1198120. doi:10.3389/fbioe.2023.1198120 

16. Zammit GV, Menz HB, Munteanu SE. Reliability of the TekScan MatScan(R) system for the measurement of plantar forces and pressures during 

barefoot level walking in healthy adults. J Foot Ankle Res. 2010;3:11. doi:10.1186/1757-1146-3-11 

17. Franco PS, Silva CBPD, Rocha ESD, Carpes FP. Análise da variabilidade e repetibilidade da pressão plantar durante a marcha de idosos. Rev 

Bras Reumatol. 2015;55(5):427-433. doi:10.1016/j.rbr.2015.03.006 

18. Arts MLJ, Bus SA. Twelve steps per foot are recommended for valid and reliable in-shoe plantar pressure data in neuropathic diabetic patients 

wearing custom made footwear. Clin Biomech Bristol Avon. 2011;26(8):880-884. doi:10.1016/j.clinbiomech.2011.05.001 

19. Salvador P, García F, Iranzo M, Pérez-Soriano P, Llana S. Evaluación de la presión plantar en cinta rodante y suelo durante la marcha. 

Fisioterapia. 2011;33(5):198-202. doi:10.1016/j.ft.2011.06.009 

20. Niiler T, Church C, Lennon N, et al. Reliability and minimal detectable change in foot pressure measurements in typically developing children. Foot 

Edinb Scotl. 2016;29:29-35. doi:10.1016/j.foot.2016.10.001 

21. Cousins SD, Morrison SC, Drechsler WI. The reliability of plantar pressure assessment during barefoot level walking in children aged 7-11 years. J 

Foot Ankle Res. 2012;5(1):8. doi:10.1186/1757-1146-5-8 

22. Menz HB, Morris ME. Clinical determinants of plantar forces and pressures during walking in older people. Gait Posture. 2006;24(2):229-236. 

doi:10.1016/j.gaitpost.2005.09.002 

23. Machado ÁS, Bombach GD, Duysens J, Carpes FP. Differences in foot sensitivity and plantar pressure between young adults and elderly. Arch 

Gerontol Geriatr. 2016;63:67-71. doi:10.1016/j.archger.2015.11.005 

24. Scott G, Menz HB, Newcombe L. Age-related differences in foot structure and function. Gait Posture. 2007;26(1):68-75. 

doi:10.1016/j.gaitpost.2006.07.009 

25. Burns J, Crosbie J, Hunt A, Ouvrier R. The effect of pes cavus on foot pain and plantar pressure. Clin Biomech Bristol Avon. 2005;20(9):877-882. 

doi:10.1016/j.clinbiomech.2005.03.006 

26. Ueda LS, Carpes FP. Relação entre sensibilidade plantar e controle postural em jovens e idosos. Rev Bras Cineantropometria E Desempenho 

Hum. 2013;15(2):215-224. doi:10.5007/1980-0037.2013v15n2p215 

27. Okawara H, Sawada T, Hakukawa S, et al. Footsteps required for reliable and valid in-shoe plantar pressure assessment during gait per foot region 

in people with hallux valgus. Gait Posture. 2022;97:21-27. doi:10.1016/j.gaitpost.2022.07.009 

28. Shu L, Hua T, Wang Y, Qiao Li Q, Feng DD, Tao X. In-shoe plantar pressure measurement and analysis system based on fabric pressure sensing 

array. IEEE Trans Inf Technol Biomed Publ IEEE Eng Med Biol Soc. 2010;14(3):767-775. doi:10.1109/TITB.2009.2038904 

29. Hessert MJ, Vyas M, Leach J, Hu K, Lipsitz LA, Novak V. Foot pressure distribution during walking in young and old adults. BMC Geriatr. 

2005;5(1):8. doi:10.1186/1471-2318-5-8 



BJMB          
Brazilian Journal of Motor Behavior 
 

Kunzler et al. 2025 VOL.19 N.1 https://doi.org/10.20338/bjmb.v19i1.521 

 
 

7 of 7 

Research Article 

30. Bus SA, de Lange A. A comparison of the 1-step, 2-step, and 3-step protocols for obtaining barefoot plantar pressure data in the diabetic 

neuropathic foot. Clin Biomech Bristol Avon. 2005;20(9):892-899. doi:10.1016/j.clinbiomech.2005.05.004 

31. McPoil TG, Cornwall MW, Dupuis L, Cornwell M. Variability of plantar pressure data. A comparison of the two-step and midgait methods. J Am 

Podiatr Med Assoc. 1999;89(10):495-501. doi:10.7547/87507315-89-10-495 

32. Cuevas-Martínez C, Becerro-de-Bengoa-Vallejo R, Losa-Iglesias ME, et al. Hallux Limitus Influence on Plantar Pressure Variations during the Gait 

Cycle: A Case-Control Study. Bioeng Basel Switz. 2023;10(7):772. doi:10.3390/bioengineering10070772 

33. Bok SK, Lee H, Kim BO, Ahn S, Song Y, Park I. The Effect of Different Foot Orthosis Inverted Angles on Plantar Pressure in Children with Flexible 

Flatfeet. PloS One. 2016;11(7):e0159831. doi:10.1371/journal.pone.0159831 

34. Helili M, Geng X, Ma X, et al. An Investigation of Regional Plantar Soft Tissue Hardness and Its Potential Correlation with Plantar Pressure 

Distribution in Healthy Adults. Appl Bionics Biomech. 2021;2021:5566036. doi:10.1155/2021/5566036 

35. Hsu CC, Tsai WC, Chen CPC, et al. Effects of aging on the plantar soft tissue properties under the metatarsal heads at different impact velocities. 

Ultrasound Med Biol. 2005;31(10):1423-1429. doi:10.1016/j.ultrasmedbio.2005.05.009 

36. Arzehgar A, Nia RGNN, Hoseinkhani M, Masoumi F, Sayyed-Hosseinian SH, Eslami S. An overview of plantar pressure distribution measurements 

and its applications in health and medicine. Gait Posture. 2025;117:235-244. doi:10.1016/j.gaitpost.2024.12.022 

37. Lockhart M, Dinneen SF, O’Keeffe DT. Plantar pressure measurement in diabetic foot disease: A scoping review. J Diabetes Investig. 

2024;15(8):990-999. doi:10.1111/jdi.14215 

 

ACKNOWLEDGMENTS 

  
The authors would like to thank the Applied Neuromechanics Research Group for their assistance with the experimental 

phases. This work was supported by the Rio Grande do Sul Research Foundation (FAPERGS, grant no. 1013100). 

 

Citation: Kunzler MR, Moro CF, Franco PS, Azevedo RR, da Rocha ES, Carpes FP. (2025). Determination of the minimum number of steps for assessment of plantar 
pressure in gait of children, adults and older adults. Brazilian Journal of Motor Behavior, 19(1):e521. 
Editor-in-chief: Dr Fabio Augusto Barbieri - São Paulo State University (UNESP), Bauru, SP, Brazil.  
Deputy editors: Dr Ana Maria Forti Barela – Universidade Cruzeiro do Sul (UNICSUL), São Paulo, SP, Brazil; Rafael dos Santos Henrique – Federal University of 
Pernambuco (UFPE), Recife, PE, Brazil 
Associate editors: Dr José Angelo Barela - São Paulo State University (UNESP), Rio Claro, SP, Brazil; Dr Natalia Madalena Rinaldi - Federal University of Espírito Santo 
(UFES), Vitória, ES, Brazil; Dr Renato de Moraes – University of São Paulo (USP), Ribeirão Preto, SP, Brazil. 
Copyright:© 2025 Kunzler, Moro, Franco, Azevedo, da Rocha and Carpes and BJMB. This is an open-access article distributed under the terms of the Creative Commons 
Attribution-Non Commercial-No Derivatives 4.0 International License which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 
Funding: This work was supported by the Rio Grande do Sul Research Foundation (FAPERGS, grant no. 1013100). 
Competing interests: The authors have declared that no competing interests exist.  
DOI: https://doi.org/10.20338/bjmb.v19i1.521 

 


	Plantar peak pressure can be reliably determined by using, on average, four steps for children, adults, and older adults walking at their preferred gait speed. This result was consistent across assessments conducted on different days and may help buil...
	REFERENCES
	1. Buldt AK, Allan JJ, Landorf KB, Menz HB. The relationship between foot posture and plantar pressure during walking in adults: A systematic review. Gait Posture. 2018;62:56-67. doi:10.1016/j.gaitpost.2018.02.026
	2. Hallemans A, D’Août K, De Clercq D, Aerts P. Pressure distribution patterns under the feet of new walkers: the first two months of independent walking. Foot Ankle Int. 2003;24(5):444-453. doi:10.1177/107110070302400513
	3. Ramirez-Bautista JA, Hernández-Zavala A, Chaparro-Cárdenas SL, Huerta-Ruelas JA. Review on plantar data analysis for disease diagnosis. Biocybern Biomed Eng. 2018;38(2):342-361. doi:10.1016/j.bbe.2018.02.004
	4. Franco PS, Moro CF, Figueiredo MM, Azevedo RR, Ceccon FG, Carpes FP. Within and between-days repeatability and variability of plantar pressure measurement during walking in children, adults and older adults. Adv Rheumatol Lond Engl. 2018;58(1):15. ...
	5. McKay MJ, Baldwin JN, Ferreira P, et al. Spatiotemporal and plantar pressure patterns of 1000 healthy individuals aged 3-101 years. Gait Posture. 2017;58:78-87. doi:10.1016/j.gaitpost.2017.07.004
	6. Demirbüken İ, Özgül B, Timurtaş E, Yurdalan SU, Çekin MD, Polat MG. Gender and age impact on plantar pressure distribution in early adolescence. Acta Orthop Traumatol Turc. 2019;53(3):215-220. doi:10.1016/j.aott.2019.01.006
	7. Gimunová M, Zvonař M, Mikeska O. The effect of aging and gender on plantar pressure distribution during the gait in elderly. Acta Bioeng Biomech. 2018;20(4):139-144.
	8. Mickle KJ, Steele JR, Munro BJ. Does excess mass affect plantar pressure in young children? Int J Pediatr Obes IJPO Off J Int Assoc Study Obes. 2006;1(3):183-188. doi:10.1080/17477160600881734
	9. Mueller MJ, Zou D, Lott DJ. “Pressure gradient” as an indicator of plantar skin injury. Diabetes Care. 2005;28(12):2908-2912. doi:10.2337/diacare.28.12.2908
	10. Boulton AJ, Hardisty CA, Betts RP, et al. Dynamic foot pressure and other studies as diagnostic and management aids in diabetic neuropathy. Diabetes Care. 1983;6(1):26-33. doi:10.2337/diacare.6.1.26
	11. Fernando ME, Crowther RG, Lazzarini PA, et al. Plantar pressures are higher in cases with diabetic foot ulcers compared to controls despite a longer stance phase duration. BMC Endocr Disord. 2016;16(1):51. doi:10.1186/s12902-016-0131-9
	12. Rao S, Baumhauer JF, Nawoczenski DA. Is barefoot regional plantar loading related to self-reported foot pain in patients with midfoot osteoarthritis. Osteoarthritis Cartilage. 2011;19(8):1019-1025. doi:10.1016/j.joca.2011.04.006
	13. Ribeiro AP, Sacco ICN, Dinato RC, João SMA. Relationships between static foot alignment and dynamic plantar loads in runners with acute and chronic stages of plantar fasciitis: a cross-sectional study. Braz J Phys Ther. 2016;20(1):87-95. doi:10.15...
	14. Anbarian M, Esmaeili H. Effects of running-induced fatigue on plantar pressure distribution in novice runners with different foot types. Gait Posture. 2016;48:52-56. doi:10.1016/j.gaitpost.2016.04.029
	15. De Blasiis P, Caravaggi P, Fullin A, et al. Postural stability and plantar pressure parameters in healthy subjects: variability, correlation analysis and differences under open and closed eye conditions. Front Bioeng Biotechnol. 2023;11:1198120. d...
	16. Zammit GV, Menz HB, Munteanu SE. Reliability of the TekScan MatScan(R) system for the measurement of plantar forces and pressures during barefoot level walking in healthy adults. J Foot Ankle Res. 2010;3:11. doi:10.1186/1757-1146-3-11
	17. Franco PS, Silva CBPD, Rocha ESD, Carpes FP. Análise da variabilidade e repetibilidade da pressão plantar durante a marcha de idosos. Rev Bras Reumatol. 2015;55(5):427-433. doi:10.1016/j.rbr.2015.03.006
	18. Arts MLJ, Bus SA. Twelve steps per foot are recommended for valid and reliable in-shoe plantar pressure data in neuropathic diabetic patients wearing custom made footwear. Clin Biomech Bristol Avon. 2011;26(8):880-884. doi:10.1016/j.clinbiomech.20...
	19. Salvador P, García F, Iranzo M, Pérez-Soriano P, Llana S. Evaluación de la presión plantar en cinta rodante y suelo durante la marcha. Fisioterapia. 2011;33(5):198-202. doi:10.1016/j.ft.2011.06.009
	20. Niiler T, Church C, Lennon N, et al. Reliability and minimal detectable change in foot pressure measurements in typically developing children. Foot Edinb Scotl. 2016;29:29-35. doi:10.1016/j.foot.2016.10.001
	21. Cousins SD, Morrison SC, Drechsler WI. The reliability of plantar pressure assessment during barefoot level walking in children aged 7-11 years. J Foot Ankle Res. 2012;5(1):8. doi:10.1186/1757-1146-5-8
	22. Menz HB, Morris ME. Clinical determinants of plantar forces and pressures during walking in older people. Gait Posture. 2006;24(2):229-236. doi:10.1016/j.gaitpost.2005.09.002
	23. Machado ÁS, Bombach GD, Duysens J, Carpes FP. Differences in foot sensitivity and plantar pressure between young adults and elderly. Arch Gerontol Geriatr. 2016;63:67-71. doi:10.1016/j.archger.2015.11.005
	24. Scott G, Menz HB, Newcombe L. Age-related differences in foot structure and function. Gait Posture. 2007;26(1):68-75. doi:10.1016/j.gaitpost.2006.07.009
	25. Burns J, Crosbie J, Hunt A, Ouvrier R. The effect of pes cavus on foot pain and plantar pressure. Clin Biomech Bristol Avon. 2005;20(9):877-882. doi:10.1016/j.clinbiomech.2005.03.006
	26. Ueda LS, Carpes FP. Relação entre sensibilidade plantar e controle postural em jovens e idosos. Rev Bras Cineantropometria E Desempenho Hum. 2013;15(2):215-224. doi:10.5007/1980-0037.2013v15n2p215
	27. Okawara H, Sawada T, Hakukawa S, et al. Footsteps required for reliable and valid in-shoe plantar pressure assessment during gait per foot region in people with hallux valgus. Gait Posture. 2022;97:21-27. doi:10.1016/j.gaitpost.2022.07.009
	28. Shu L, Hua T, Wang Y, Qiao Li Q, Feng DD, Tao X. In-shoe plantar pressure measurement and analysis system based on fabric pressure sensing array. IEEE Trans Inf Technol Biomed Publ IEEE Eng Med Biol Soc. 2010;14(3):767-775. doi:10.1109/TITB.2009.2...
	29. Hessert MJ, Vyas M, Leach J, Hu K, Lipsitz LA, Novak V. Foot pressure distribution during walking in young and old adults. BMC Geriatr. 2005;5(1):8. doi:10.1186/1471-2318-5-8
	30. Bus SA, de Lange A. A comparison of the 1-step, 2-step, and 3-step protocols for obtaining barefoot plantar pressure data in the diabetic neuropathic foot. Clin Biomech Bristol Avon. 2005;20(9):892-899. doi:10.1016/j.clinbiomech.2005.05.004
	31. McPoil TG, Cornwall MW, Dupuis L, Cornwell M. Variability of plantar pressure data. A comparison of the two-step and midgait methods. J Am Podiatr Med Assoc. 1999;89(10):495-501. doi:10.7547/87507315-89-10-495
	32. Cuevas-Martínez C, Becerro-de-Bengoa-Vallejo R, Losa-Iglesias ME, et al. Hallux Limitus Influence on Plantar Pressure Variations during the Gait Cycle: A Case-Control Study. Bioeng Basel Switz. 2023;10(7):772. doi:10.3390/bioengineering10070772
	33. Bok SK, Lee H, Kim BO, Ahn S, Song Y, Park I. The Effect of Different Foot Orthosis Inverted Angles on Plantar Pressure in Children with Flexible Flatfeet. PloS One. 2016;11(7):e0159831. doi:10.1371/journal.pone.0159831
	34. Helili M, Geng X, Ma X, et al. An Investigation of Regional Plantar Soft Tissue Hardness and Its Potential Correlation with Plantar Pressure Distribution in Healthy Adults. Appl Bionics Biomech. 2021;2021:5566036. doi:10.1155/2021/5566036
	35. Hsu CC, Tsai WC, Chen CPC, et al. Effects of aging on the plantar soft tissue properties under the metatarsal heads at different impact velocities. Ultrasound Med Biol. 2005;31(10):1423-1429. doi:10.1016/j.ultrasmedbio.2005.05.009
	36. Arzehgar A, Nia RGNN, Hoseinkhani M, Masoumi F, Sayyed-Hosseinian SH, Eslami S. An overview of plantar pressure distribution measurements and its applications in health and medicine. Gait Posture. 2025;117:235-244. doi:10.1016/j.gaitpost.2024.12.022
	37. Lockhart M, Dinneen SF, O’Keeffe DT. Plantar pressure measurement in diabetic foot disease: A scoping review. J Diabetes Investig. 2024;15(8):990-999. doi:10.1111/jdi.14215
	ACKNOWLEDGMENTS
	The authors would like to thank the Applied Neuromechanics Research Group for their assistance with the experimental phases. This work was supported by the Rio Grande do Sul Research Foundation (FAPERGS, grant no. 1013100).

