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RESEARCH ARTICLE

Footwear Science

Definition of an insole comfort equation using biomechanics data from a 
real-world data collection method

Max Lewin , Richard Jones  and Carina Price 

School of Health and Society, the University of Salford, Manchester, UK

ABSTRACT
Comfort is among the priorities of wearers, this creates a requirement to understand and measure 
footwear comfort within the real-world where footwear is being used. Comfort is subjective however 
associations have been drawn to biomechanical parameters. Prediction of real-world footwear or 
insole comfort based upon biomechanical parameters is appealing due to the reduction of potential 
participant biases. This study aims to develop an equation to predict insole comfort from real-world 
biomechanics data. Five conditions were evaluated, a control (participant shoe only) and four 
commercially available insole conditions (Insole A, B, C, D). The RunScribe IMU was worn for one 
day per condition for the participants normal daily activity, measuring previously validated variables: 
vertical ground reaction force (GRF), vertical GRF loading rate (GRFr), impact shock (IS), braking 
shock, total shock, pronation excursion (PE), and maximum pronation velocity (PV). Comfort was 
measured using a 100 mm visual analogue scale (VAS). A mixed model with fixed effects was used 
to develop the comfort equation, pseudo r2 statistics were assessed to identify the best equation. 
All combinations of conditions were tested from single conditions to all 5 together. The following 
equation was defined using data from insole A and insole B: Comfort = 96.557 + (−0.456*GRFr) + 
(−11.757*IS) + (−2.869*PE) + (0.142*PV). Marginal pseudo r2 = 0.175 and conditional pseudo r2 = 
0.675, meaning that 17.5% of the variance in comfort was explained by the biomechanics variables. 
Previous footwear comfort equations focused on different biomechanics variables including EMG, 
plantar pressure, loading rates and lower limb kinematics and reported larger explained variance 
(34.9%–71.4%). Additional variables would be required to improve the current equation; however, it 
provides insight into how comfort could be improved for usage within product development, as 
well as measuring comfort during testing.

Introduction

Shoe comfort is a crucial aspect for manufacturers (Che 
et  al., 1994) and wearers, with qualitative research identify-
ing comfort as the most frequently mentioned footwear 
theme, with the ideal shoe needing to be comfortable 
(Anderson et  al., 2017). Further qualitative studies have 
identified comfort as a priority when purchasing footwear 
for clinical populations (Frecklington et  al., 2019; Naidoo 
et  al., 2011). Comfort of orthotics and footwear is subjec-
tive and highly specific to the individual (Anderson et  al., 
2020). There is no conclusive evidence for the effectiveness 
of orthotics overall for improving comfort (Menz & 
Bonanno, 2021), however there is prevalent evidence sur-
rounding the effectiveness of contoured orthotics for 
increasing comfort (Mündermann et  al., 2001, 2003; 
Springett et  al., 2007) and reducing pain (De Almeida 
et  al., 2016; Springett et  al., 2007). Limited biomechanical 
data was collected alongside these comfort reports to fully 
understand factors contributing to changes in reported 
comfort in wearers. Custom and prefabricated orthotics uti-
lize contouring to increase the contact between the foot 

and the orthotic, in turn increasing the pressure in the 
medial midfoot and subjective comfort (Che et  al., 1994). 
Associations have also been made between contoured 
orthoses and reduction of ankle eversion in both walking 
and running (Branthwaite et  al., 2004; Kosonen et  al., 2017; 
Rodrigues et  al., 2013). These findings subsequently link 
both increased medial midfoot pressure and reduced ankle 
eversion to increased comfort perception, indicating a 
potential to utilize midfoot pressure data as a method of 
estimating frontal plane motion of the foot. Running 
research has shown inversion–eversion range of motion to 
contribute negatively (β = −0.268) to subjective footwear 
comfort within a regression analysis (Ryu et  al., 2021). 
Over a series of studies maximum pronation has been 
shown to have a mixed effect on comfort, with both nega-
tive correlations (r = −0.12 to −0.38) showing greater maxi-
mum pronation to be associated with improved overall 
footwear liking, and a positive correlation (r = 0.28) showing 
decreases in maximum pronation to improve overall foot-
wear liking (Hennig, 2017). Research within running has 
identified reduced loading rates (Dinato et  al., 2015) and 
maximum loading rate and reduced vertical impact peak 
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(Mündermann et al., 2003) whilst wearing shoes and insoles 
reported as the most comfortable. Previous research has 
therefore shown clear variation of comfort which can be 
related to changes in biomechanics including reduced 
ground reaction force (GRF) loading rates, frontal plane 
ankle motion and increased midfoot pressure.

Due to the subjective nature of footwear comfort, tradi-
tional measurement relies on the participant reporting com-
fort through Likert scales, visual analogue scales (VASs), 
and ranking of preference (Menz & Bonanno, 2021). These 
traditional methods rely on the individual providing an 
accurate report of the comfort they experience, which can 
be influenced by a range of factors. Previous research has 
utilized a trained panel of wearers to ensure reliable com-
fort measures (Delattre & Cariou, 2018), such a panel 
would be subject to lengthy training processes and may be 
difficult to implement due to participant availability when 
footwear developments span multiple years. The ability to 
develop an equation with the comfort score being depen-
dent upon the biomechanics of the insole product removes 
the requirement for subjective reports. This eliminates the 
requirement for external participants within an industry 
setting, reducing subjectivity and biases from comfort mea-
surement enabling internal comfort testing to be completed. 
This streamlines testing with only the requirement to col-
lect biomechanical data and removing recall bias when 
completing questionnaires (Althubaiti, 2016) and potential 
aesthetic bias when testing commercially available products 
designed to be appealing to consumers (Crolic et  al., 2019). 
Limited work has been completed using biomechanics data 
to predict comfort, this has been completed in running 
footwear (Dinato et  al., 2015), insoles (Mündermann et  al., 
2003) and high heeled footwear with total contact inserts 
(Hong et  al., 2005). These regression studies reported R2 
values of 0.56, 0.35 and 0.72 respectively.

Previous studies relating biomechanical data to footwear 
comfort perceptions utilize traditional laboratory style data 
collections with force plates, 3D motion capture, EMG and 
plantar pressure on flat walkways (Dinato et  al., 2015; Hong 
et  al., 2005; Mündermann et  al., 2003). These approaches only 
allow a small number of steps at controlled speeds to be cap-
tured in a controlled environment with comfort tested only 
over this period. This does not necessarily reflect the behaviour 
of individuals within the real-world, with traditional lower 
activity occupations completing 2835 steps daily (Steele & 
Mummery, 2003) and more active occupations, such as postal 
workers completing more than 22,000 steps per day (Tigbe 
et al., 2011). Preference for footwear has also been observed to 
change from initial assessments to after a workday (Anderson 
et  al., 2020), demonstrating the importance of capturing com-
fort during externally valid use of an insole.

Methods for capturing data within the real-world include 
inertial measurement units (IMU’s) applied for measurement 
of sporting movements (Arlotti et  al., 2022; Eitzen et  al., 
2021) and running (Benson et  al., 2022). IMU’s have how-
ever largely been applied within laboratory scenarios on 
treadmills for running (Benson et  al., 2022) despite obvious 
real-world application. There is some evidence of real-world 
IMU use, however this is still limited and applications should 
be broadened into environments where controlling data col-
lection is not as easy as inside the laboratory. The RunScribe 
IMU is one such system identified for use within the 
real-world measurement of lower limb biomechanics. 

Applications to date have assessed the validity (Koldenhoven 
& Hertel, 2018; Lewin et  al., 2022) and sensitivity (Lewin 
et  al., 2023) of the RunScribe, alongside usage as a stand-
alone method for assessment of footwear (Russo et  al., 2022). 
The RunScribe is capable of measuring lower limb kinemat-
ics, kinetics and accelerations, with some associations to 
increased comfort (Mündermann et  al., 2003; Ng et  al., 
2021). IMU’s are however unable to measure plantar pressure 
which is key within footwear testing for comfort (Mueller, 
1999). Smart insoles are capable of this (Almuteb et  al., 
2022), however the portability of these is however still under 
question, as the term ‘smart insole’ covers frequently utilized 
laboratory grade equipment, such as the Pedar-X and 
TekScan F-Scan plantar pressure measurement systems. More 
portable systems that can be feasibly used for real-world data 
collection may be unsuitable for application within footwear 
and orthotic testing due to the thickness of the device and 
impact this may have upon the measured biomechanics and 
the ability to measure the true impact of the intervention.

Aims and hypothesis

The aim of this study is to develop an equation for predic-
tion of footwear comfort scores based upon biomechanics 
data from a real-world data collection method. It is hypoth-
esized that the equation will enable a prediction of whether 
comfort increases or decreases.

Method

Participants

A sample of thirty participants (male = 15, female = 15; 
age = 31.9 ± 10.8 years, height = 1.73 ± 0.09 m, body mass = 
72.7 ± 12.5 kg, UK Shoe size = 7.43 ± 2.19) completed the 
study protocol given ethical clearance by the University of 
Salford School of Health and Society Ethics Committee 
(Reference number 6395). All participants provided written 
informed consent via a consent form prior to participation 
in the study protocol.

Insole conditions

Each participant wore five insole conditions (Table 1, Figure 1) 
each for a day of wear whilst the RunScribe IMU was used to 

Table 1. Details of insole conditions included within the study.

insole conditions Features anticipated effect

control Participants own shoe 
with existing insole

insole a Gel bottom layer, 
memory foam top 
layer, liquid heel pod, 
arch support

-reduced shock
-reduced GrF rate
-reduced pronation 

excursion
insole B Same composition as 

insole a, 25% thicker 
memory foam layer

-reduced shock
-reduced GrF rate
-reduced pronation 

excursion
insole c Full gel with no arch 

shape
-reduced shock

insole D Foam with gel insert 
from midfoot to heel, 
minimal arch shape

-reduced GrF rate
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measure gait parameters. Participants were instructed to com-
plete the study protocol on days where they would be complet-
ing the same activities (i.e. Walking the dog, working, etc.). The 
type of activity was not controlled across participants, as the 
aim of the study was to capture data from typical daily activi-
ties. Participants used a single shoe of their choice for all five 
days of the data collection. The control condition was the par-
ticipants shoe with the existing insole, and for the subsequent 
insole conditions the original insole was removed and replaced 
with each of the four insole conditions. The order of insoles 
was randomized, and they were worn for a full day of wear 
each. Insole conditions were chosen due to their difference in 

features related to shape and material, and subsequent influence 
on the outcome variables and perceived comfort.

RunScribe IMU

The RunScribe IMU (Scribe Labs, Moss Beach, CA) is a 
commercially available IMU used for the measurement of 
several gait parameters pertinent to the performance of 
orthotic products. Previous research has been conducted to 
quantify the validity and sensitivity of the RunScribe IMU 
for the variables within this study (Lewin et  al., 2022, 
2023). The RunScribe units were affixed to the laces of the 

Figure 1. insole conditions included within the study.

Figure 2. Placement of the runScribe iMU and illustration of where the runScribe extracts variables within data processing: a) GrF rate, b) impact shock, 
c) pronation excursion and d) maximum pronation velocity.
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participants footwear (Figure 2) and calibrated as per man-
ufacturer instructions. This was used for gait measurement 
throughout the participants normal daily activity to quan-
tify biomechanical gait parameters for further statistical 
exploration (Table 2). The RunScribe quantifies maximum 
values of biomechanical variables per step, these values 
were taken for further analysis. Values from left and right 
feet were averaged to create a single value for each variable. 
Total number of steps was also extracted and averaged 
across participants for each of the tested insole conditions.

Visual analogue scale

The visual analogue scale (VAS) was used to measure com-
fort as it is the most frequently used measurement method 
(Matthias et al., 2021), and offers continuous data for sub-
sequent prediction of comfort scores. The 100 mm VAS was 
completed immediately following the wear period, and was 
used to allow participants to give a rating of comfort for 
each orthotic condition. The left anchor was ‘least comfort 
imaginable’ with the right anchor being ‘most comfort 
imaginable’ (Mündermann et  al., 2002). Participants were 
instructed to make a mark along the scale to report a com-
fort score. The distance of the mark from the left side of 
the line was measured in millimetres and recorded to give 
a comfort score, where the minimum score would be 0 and 
the maximum score would be 100.

Statistics

A linear mixed model with fixed effects with comfort as 
the dependant variable and independent variables: GRF 
rate, impact shock (IS), pronation excursion (PE) and pro-
nation velocity (PV) was used to define the comfort equa-
tion using SPSS statistics version 26 (IBM, Armonk, NY). 
Independent variables were tested for multicollinearity, 
independent variables correlated with an r-value greater 
than 0.7 were assessed for removal, the variable which was 
deemed less influential to footwear comfort was removed. 
This included the removal of GRF, total shock and braking 

shock. The linear mixed model analysis was completed on 
all combinations of insole conditions from each insole con-
dition alone, to all 5 insole conditions together. Marginal 
and conditional pseudo R2 were used as an explanation of 
the percentage of variance explained by the fixed and ran-
dom factors within the model respectively (Nakagawa & 
Schielzeth, 2013), and was used to determine the best equa-
tion for further usage.

The linear mixed model with fixed effects was used as 
an alternative to a traditional linear regression allowing 
multiple observations per participant to be included within 
the analysis. The variables were therefore entered into the 
model simultaneously without the requirement for contrib-
uting to the model in a statistically significant manner.

Results

Group means for all variables tested using the RunScribe 
including average number of steps taken and perceived 
comfort on the VAS (Table 3), a friedman test showed there 
was no significant differences between conditions (p = 0.920) 
for number of steps taken during the testing period.

Upon assessing model statistics, the best model (Equation 
(1)) was seen when combining insole A and insole B, 
therefore there was a total of 60 observations entered into 
the analysis. The mixed model with fixed effects had mar-
ginal R2 = 0.175 and conditional R2 = 0.675, and showed IS 
and PE to be significant predictors of comfort, whereas PV 
and GRF rate did not add significantly to the model (Table 
4). Regarding the impact of changes in these variables, 
reducing GRF rate, IS and PE would increase predicted 
comfort, whereas reducing PV would reduce the comfort 
score given by the model.

 
Comfort *GRFr *IS

*PE

= + −( ) + −( )
+ −( ) +
96 557 0 456 11 757

2 869 0 14

. . .

. . 22*PV( )
 (1)

Discussion

The purpose of the study was to define an equation for the 
prediction of insole comfort from biomechanical data col-
lected using a real-world collection method. The variables 

Table 2. Definition of variables measured by the runScribe iMU.

Variable runScribe definition

Pronation excursion (°) amount of rotation from initial foot 
contact to maximum pronation

Pronation velocity (°/s) Maximum velocity of pronation 
between initial foot contact and 
maximum pronation

GrF (xBw) Peak vertical GrF
GrF rate (n/kg/s) Mean vertical force during stance
total shock (g) Vector combination of impact and 

braking shock
impact shock (g) Peak positive vertical acceleration
Braking shock (g) Peak negative horizontal acceleration

Table 3. results from the runScribe iMU and perceived comfort for all variables entered into the regression analysis (mean ± SD).

Steps GrF (xBw)
GrF rate (n/

kg/s)
total shock 

(g)
impact Shock 

(g)
Braking 

shock (g)
Pronation 

excursion (°)
Pronation 

velocity (°/s)
Measured 
comfort

control 4058 ± 2404 1.19 ± 0.09 14.81 ± 1.46 3.75 ± 0.90 2.30 ± 0.65 2.84 ± 0.74 9.80 ± 3.68 249.78 ± 65.76 63.8 ± 17.0
insole a 4008 ± 2228 1.17 ± 0.08 14.45 ± 1.19 3.54 ± 0.98 2.28 ± 0.68 2.58 ± 0.75 9.94 ± 3.81 237.58 ± 59.37 62.1 ± 21.5
insole B 4446 ± 3222 1.17 ± 0.08 14.59 ± 1.42 3.45 ± 0.99 2.24 ± 0.69 2.50 ± 0.76 9.54 ± 3.98 225.12 ± 61.18 66.0 ± 20.8
insole c 3962 ± 2349 1.19 ± 0.08 14.79 ± 1.24 3.71 ± 1.06 2.40 ± 0.82 2.69 ± 0.76 10.20 ± 3.93 249.10 ± 61.74 56.7 ± 25.1
insole D 4556 ± 2873 1.18 ± 0.07 14.71 ± 1.22 3.64 ± 0.93 2.29 ± 0.59 2.71 ± 0.79 10.38 ± 3.80 248.85 ± 59.96 69.0 ± 17.6

Table 4. Statistics from mixed model with fixed effects analysis used to 
configure the comfort equation.

Variable coefficient p Value

constant 96.557 0.010
GrF rate (GrFr) −0.456 0.849
impact shock (iS) −11.757 0.019
Pronation excursion (Pe) −2.869 0.013
Pronation velocity (PV) 0.142 0.071
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measured and used to define the equation included kine-
matic (PE and velocity), kinetic (GRF rate) and acceleration 
(IS) variables. IS and PE contributed significantly to the 
equation (p = 0.019 and p = 0.013, respectively), whereas 
GRF rate (p = 0.849) and PV (p = 0.071) did not. Using 
group mean data, the predicted comfort given by the equa-
tion for the control condition (70.1) is greater than that of 
insole C (67.7) and insole D (68.5). Regarding the hypoth-
esis of the study, there is some evidence that the equation 
can detect whether comfort is increasing or decreasing in 
conditions. In this example specifically that Insole C is less 
comfortable than both the control condition and insole D. 
However the predicted relationship between the control 
condition and insole D was not aligned with the comfort 
scores given by the participants. Data from insole A and B 
could not be used within this test as it was used to define 
the equation; therefore, further work is required to fully 
determine the accuracy of the comfort scores given by the 
equation.

The low marginal pseudo R2 value demonstrated the 
model to only account for 17.5% of the variability of com-
fort scores to be predicted by the fixed effects within the 
model. The higher conditional pseudo R2 value shows 
67.5% of the variance to be accounted for by the fixed and 
random effects within the model. The random effects 
within the model are the tested population, therefore the 
high conditional R2 values shows a large amount of varia-
tion in the comfort scores given by the individuals within 
the population. Changes in comfort in this instance have a 
high level of individuality on the participant level, with the 
variables entered into the equation having a small effect on 
the comfort score. For example, when wearing insole A one 
individual had data (GRFr = 15.00 N/kg/s, IS = 1.55 g, PE 
= 12.60°, PV = 228.53°/s, comfort = 64). Another individ-
ual with similar biomechanical data (GRFr = 14.45 N/kg/s, 
IS = 1.99 g, PE = 13.07°, PV = 242.52°/s, comfort = 34). 
Thus showing that even with very similar biomechanics, 
individuals can have very different perceived comfort.

When looking to make predictions as is the case within 
the current research, the variance explained by the fixed 
factors only is the most important statistic. A traditional 
linear regression approach would only allow for a single 
observation per participant to enter statistical analysis, 
meaning that the comfort equation would only be defined 
from a single condition. Using a mixed model with fixed 
effects in the current method allows for multiple observa-
tions per participant to enter the model, allowing the 
equation to be defined using multiple insole conditions. 
This allows the equation to be more applicable for future 
usage as when using one condition the comfort scores 
could be highly related to specific features of the single 
condition. This method also reduces the impact of extreme 
data points (comfort reports or biomechanical variables) 
that are input into the analysis as a greater number of 
observations were entered when using two conditions (60) 
than one (30).

Despite not all resulting in significant relationships, the 
variables in the equation were all included as relevant fac-
tors that could be considered in footwear design to pro-
mote comfort. Reduction in GRF rate has previously been 
linked to increased comfort (Ng et  al., 2021) and is indic-
ative of cushioning properties within footwear (Logan et  al., 
2010; Soares et  al., 2018). Increased insole thickness and 

contouring enables reduced IS with no subsequent effect on 
comfort perception (Bonanno et  al., 2019). Insoles have fre-
quently displayed effectiveness in reduction of foot and 
ankle motion resulting from increased contouring (Cheung 
et  al., 2011), however, no studies within this meta-analysis 
assessed impacts upon comfort. Within the current equa-
tion increasing maximum PV would increase the comfort 
score, however this was initially assumed to contribute neg-
atively to comfort due to the perceived association with 
lower limb injuries (Messier & Pittala, 1988). The interac-
tion between PE and PV must be considered for their 
impact upon one another. If the overall amount of prona-
tion is reduced, it would be assumed that PV would also 
reduce as there is less joint rotation to be completed within 
the same timeframe, with these two factors have opposite 
effects on the predicted comfort score. Although not 
included in the current investigation, these pronation vari-
ables could be associated with prior outcomes assessed 
using plantar pressure in the medial midfoot (Dos Santos 
et  al., 2017). Increased plantar pressure from insole applica-
tion in the medial midfoot (Che et  al., 1994) and overall 
midfoot (Yung-Hui & Wei-Hsien, 2005) increases reported 
footwear comfort. Increasing the medial arch height of an 
insole may therefore positively impact comfort by reducing 
PE, increasing medial midfoot pressure, and potential con-
tributions to reduced IS, whereby two of these factors pos-
itively contributed to comfort in the current investigation.

Previous research predicting footwear comfort from bio-
mechanics data utilized a wide range of variables within the 
analysis (Mündermann et  al., 2003). This research reported 
the equation to account for 34.9% of the variance for dif-
ferences in comfort using 15 variables including Kinetics, 
Kinematics, and EMG. EMG data was collected on 7 lower 
limb muscles, with 9 variables taken from each site. The 
final equation included 10 EMG measurements out of 15 
total variables. Kinematic and kinetic variables entered 
included internal tibial rotation, maximum ankle plantar-
flexion, maximum foot inversion, maximum ankle plantar-
flexion moment and vertical impact peak of GRF. 
Comparing these previous results with those in the current 
investigation, both equations include a measure of ankle 
kinematics. The equation previously defined (Mündermann 
et  al., 2003) includes maximum inversion angle as a factor 
in which an increase in this angle would increase comfort 
score given by the equation. The current equation shows 
the predicted comfort score to be reduced as a result of 
increased pronation. These two findings may contrast each 
other, the greater maximum inversion angle associated with 
increased comfort (Mündermann et  al., 2003) could be 
indicative of an increased eversion range of motion, which 
in the current investigation has been shown to have a neg-
ative impact on perceived comfort.

Other prediction of comfort work used multiple linear 
regression and entered eight variables: peak forefoot pressure, 
peak rearfoot pressure, forefoot pressure integral, forefoot 
contact areas, loading rate at 80 (force rate between 20 and 
80% of foot and ground contact during first peak), loading 
rate at 100 (force rate between 0 and 100% of the first peak), 
first and second peak forces and peak push-off rate (rate of 
second peak force between minimum value until the second 
peak) (Dinato et  al., 2015). The equation reported for whole 
foot comfort within this study had an adjusted R2 = 0.56. 
Research conducted in high heeled footwear with a total 
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contact orthotic used stepwise regression to identify factors 
towards reported comfort measured on a 100 mm VAS (Hong 
et  al., 2005). The stepwise analysis entered peak midfoot 
pressure, impact force, and the first peak vertical GRF to 
define an equation that explained 71.4% of the variance in 
reported comfort. Both of these studies identify a kinetics 
variable as a significant predictor within the regression model, 
which is not the case with GRF rate within the current 
results. The current RunScribe method cannot measure GRF 
directly and uses an equation defined during running (Di 
Michele, 2008) utilizing other variables that can be measured 
by the RunScribe to calculate GRF and GRF rate. Validation 
within walking has shown moderate intraclass correlation 
coefficients (0.627) for GRF rate (Lewin et  al., 2022).

Previous studies were completed during running (Dinato 
et al., 2015; Mündermann et al., 2003) or in high heeled foot-
wear (Hong et  al., 2005) which may reduce the transferability 
of results to this study. It could be concluded that additional, 
more complex variables would be required within the current 
equation to improve prediction of comfort. The nature of the 
data collection method used within this study is low cost 
($599) compared to more traditional methods of measuring 
the included variables, with low participant burden whilst 
collecting data within the real world. This is more accessible 
within an industry setting, whereby the availability of equip-
ment and individuals for implementation of some of the 
more complex variables is low. However, this real-world 
approach introduces further variables affecting comfort per-
ceptions beyond control which are not present within the 
laboratory scenario. By capturing data over multiple days 
there is potential effect of different activity intensity over dif-
ferent days, but also a range of psychological factors which 
may impact general mood across different days impacting 
comfort scores either negatively or positively. The utilization 
of a comfort equation is beneficial within industry settings to 
aid the development process, enabling testing to be stream-
lined within the early stages. As traditional comfort measures 
are reliant on participant reports (Menz & Bonanno, 2021), a 
comfort equation requires only quantitative data to be col-
lected, processed and entered into the equation to generate 
comfort data. In an industry setting this will enable comfort 
data to be generated internally, where brand bias would 
impact the ability for internal participants to give a reliable 
comfort score. This allows product benchmarking to be com-
pleted based upon the scores of previous products, ensuring 
future experimental developments are superior before pro-
gressing through development phases. Regression analysis has 
been previously used primarily to identify the biomechanical 
contributors to footwear comfort (Dinato et  al., 2015; Hong 
et  al., 2005; Mündermann et  al., 2003), enabling data col-
lected to be actionable through knowledge of footwear and 
orthotic design and subsequent impact on lower limb biome-
chanics for input into the equation. The current equation 
explains a low percentage of variance (17.5%); however, the 
coefficients within the equation demonstrate an impact upon 
the comfort score in response to biomechanical changes 
resulting from changes in orthotic design. Material properties 
can impact loading rates and IS which shifts the predicted 
comfort scores. Similarly with orthotic shapes for control of 
motion, changes in kinematic properties at the foot and ankle 
shift the predicted comfort score given by the equation. Using 
the group average values from the current investigation there 
is only a maximum change in predicted comfort of 2.4 mm, 

which does not meet the level of minimal clinical important 
difference of 9.6 mm or 10.2 mm defined for the VAS (Mills 
et  al., 2010). Utilizing the coefficients and the previously 
defined MCID a specific magnitude of change in biomechan-
ics can be targeted within orthotic design to ensure a mean-
ingful change in comfort is created. Within the industry 
setting this would allow for decisions to be made on design 
specifications when moving through development phases. 
Such an equation would also enable consistency in the out-
come across developments. If collecting comfort in more tra-
ditional ways, subjective comfort measures would have to be 
generated from the same group of individuals within a con-
trolled environment, which would be difficult to implement 
spanning developments over multiple years.

A large limitation within the development of the com-
fort equation is related to the benefit of the data collection 
environment. In order to collect data from the regular daily 
activities of participants there is an absence of control 
within the real-world environment leading to a range of 
variables which may influence comfort not being controlled. 
These have been discussed and include activity intensity 
and duration requests were however made to participants to 
complete the testing on days that would be similar, which 
appears to have been followed due to non-significant differ-
ences in number of steps. Footwear fit may have also 
impacted the comfort scores given by the participants, as 
insole conditions differed in thickness this may have 
impacted fit across each of these conditions. This intro-
duces another factor contributor to footwear comfort that is 
not accounted for within the equation. These factors could 
contribute to the comparatively weaker predictions of the 
current equation compared to those from a laboratory study.

Conclusion

The equation formed by this study contributes towards  
the prediction of orthotic comfort during everyday use. The 
equation however accounts for a very low percentage of the 
variance in comfort reports. The use case of a comfort equation 
within industry is strong, enabling comfort to be quantified 
without the need for external opinions. The ability to action 
results through knowledge of insole design and biomechanical 
response is also crucial within the product development process 
allowing meaningful changes to be made in a calculated manner.
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