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Introduction

Foot measurements can be used in health
assessment and product design (e.g.
footwear/orthotic personalization or size
recommendation). Digital measurements have
proven to be more reliable than traditional
ones, even those obtained from data-driven
3D reconstruction technologies from few
images gathered with a smartphone or low-
cost booth (Ballester et al., 2017; Parrilla

et al., 2015). These solutions can be made
available to the mass public at homes, stores
or medical offices. However, foot shape
changes depending on load-bearing condition
during digitization: standing (or half-weight
bearing, HWB), and sitting (or non-weight
bearing, NWB). Moreover, foot shape may
also vary along the day (within-day) or
between-days.

Purpose of the study

The purpose of this study was to analyze the
effect of controllable (load-bearing condition)
and uncontrollable factors (physiological
changes within-day and between-days) on the
main foot dimensions used in product design
and clinical assessment.

Methods

16 healthy adult volunteers aged 24 to 63
participated in the study (8 females, 8 males).
Each subject’s right foot was digitized in three
sessions. Session 1 took place in the morning.
Session 2 took place the same day in the
afternoon (6 hours later). Session 3 took place

two days after session 1. Feet were acquired
and measured in standing posture (HWB)
using DomeScan/IBV foot digitizer (Fig. 1). In
session 2, they were also measured in sitting
posture (NWB). For each session and
condition, subjects’ feet were digitized three
times. Nine measurements were selected to be
included in this paper due to their relevance:
foot length (FL), toes girth (TG), ball girth
(BG), ball width (BW), instep girth (IG), instep
height (IH), ball height (BH), instep width
(IW) and heel width (HW). A repeated-
measures ANOVA was used to study each of
the factors: load-bearing (fixed), within-day
(fixed) and between-days (random).

Figure 1. Foot acquisition and measurements



Results

Variance estimates of between-days random
errors were not significant compared to the
residual error of repeated measurements within
session. Table 1 summarizes the results of
fixed-effect analyses.

Table 1. Fixed-effects (bias) in mm;
Load-bearing = HWB — NWB,
Within-day = afternoon — morning.

Measurement Load-bearing  Within-day

FL 4.9% 0.3

TG 4.3%* -0.5
BG 1.8% 0.2
BW 1.7* -0.1

IG 0.3 09*

H -3.4% 0.1

BH -2.1% 0.3

Iw 3.2% 0.5%*
HW 0.6* -0.1

* Significant effects (p-value < 0.05)

Discussion and conclusion

We found that random errors of foot
measurements taken between-days are similar
to those of repeated measurements taken
within the same session. Therefore, foot
measurements taken at any moment can be a
good reference, at least, in the short-term.
Further research will be required to quantify
long-term foot changes in adults.

We found no evidence of relevant (> 1%)
foot measurement variations in healthy adults
during the day. This supports previous studies
in foot volume changes (Moholkar &
Fenelon, 2001).

Foot shape depends greatly on loading
conditions. Under HWB condition, the foot
widths, lengths and girths increase
significantly (1-4%), while heights decrease
(~5%). Our results with European population
are consistent with previous studies on Asian,
American and African populations (Houston

et al., 2006; Oladipo et al., 2009; Xiong et al.,
2009). Thus, product design and clinical
assessment processes using foot
measurements must consider the loading
conditions because the effects are larger than
half a US footwear size (and nearly a full EU
size).
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