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Abstract: 31 

 32 

Background: Prefabricated orthotic insoles are widely commercially available and can be easily self-selected by 33 

the general population to treat foot and lower body musculoskeletal pain without requiring advice from a 34 

healthcare professional. Although they are generally designed to mimic traditional design features of custom-35 

made orthotics used in clinical practice, the effects of prefabricated insoles on plantar pressure distribution 36 

and gait mechanics are poorly understood.  37 

 38 

Aim: The aim of this investigation was to evaluate and directly compare a range of 6 different commercially 39 

available orthotic insoles, to understand how each of the prefabricated insole designs affect gait and plantar 40 

pressure in healthy individuals.  41 

 42 

Methods:  This was a single centre, randomised, open-label, cross-over investigation. In-shoe dynamic 43 

pressure (F-scan) and lower limb biomechanics (3D motion capture and force plates) were investigated in 24 44 

healthy subjects with normal foot posture, wearing standard shoes alone and in combination with 6 different 45 

orthotic insoles, consecutively, measured on a single day. The biomechanical impact of each orthotic device 46 

was determined by the statistical significance of changes from baseline measurements (standard shoe alone) 47 

for each of the 6 investigational insoles. 48 

 49 

Results: The orthotic insoles in this range had limited effects on gait biomechanics when compared with the 50 

control shoe, however insoles with heel cups and medial arch geometries consistently increased contact area 51 
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(CA) at medial arch and whole foot regions and reduced both peak plantar pressure (PP) and pressure time 52 

integral (PTI) at medial arch and heel regions. 53 

 54 

Conclusions: This investigation has aided in further understanding the mode of action of prefabricated insoles 55 

in a healthy population. The insoles in this study redistributed plantar pressure at key regions of the foot, 56 

based on design features common to prefabricated insoles, yet there was no evidence that gait mechanics 57 

were impacted; an important consideration for the general population, for which unintended alteration of gait 58 

could be detrimental. Commercially available prefabricated insoles could therefore represent an easily 59 

accessible means of reducing lower body musculoskeletal stress for those who spend prolonged periods of 60 

time on their feet. 61 

 62 

Keywords: Orthotic insoles, prefabricated insoles, foot orthoses, biomechanics, gait, plantar pressure. 63 

 64 

Background: 65 

 66 

Orthotic insoles: custom vs. prefabricated 67 

There are many different types of foot orthoses available for the treatment of foot and lower body 68 

musculoskeletal (MSK) pain, ranging in complexity from generic ‘off-the-shelf’ heel pads and prefabricated 69 

insoles to custom (‘custom-made’) foot orthoses. Differentiating between the broad variation of orthotic insoles 70 

used in both clinical practice and research can be confusing, especially as consistent terminology is not always 71 

used in the literature [1]. Furthermore, differences in orthotic design features, material hardness/firmness, and 72 

the addition of posting or wedging intended to tilt the device from the horizontal make their direct comparison 73 

particularly challenging [2, 3]. As such, orthotic insoles are commonly separated into two categories based on 74 

their method of manufacture; custom or prefabricated.    75 

 76 

Typically, custom orthotics are contoured, removable in-shoe devices that are fabricated to practitioner-77 

prescribed specifications and fitted by health professionals [4]. Due to their patient-specific nature, the choice 78 

of custom insole design can vary largely among foot experts [5], however they are a well-established method of 79 

treating lower body pain (particularly foot pain) in a clinical setting [1, 2, 4]. In contrast, prefabricated orthotic 80 
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insoles are generic devices designed to incorporate key design features of custom orthotics [5], and although 81 

their use is comparatively less well-studied and well-accepted, the commercial availability of such ‘over-the-82 

counter’ devices makes them an easily accessible self-select treatment option for the wider population [6]. This 83 

raises the need to acknowledge that a key difference between the two insole types is often the level of expertise 84 

which sits behind their selection; for those who experience MSK pain but do not seek the advice of a trained 85 

healthcare professional, selection of appropriate orthotic insole features can be difficult. It remains to be 86 

determined whether this population benefits significantly from prefabricated orthotic insole use.  87 

 88 

Design features & material properties of orthotic insoles 89 

Custom orthotic insoles are inherently variable by design, yet they frequently possess very similar shapes and 90 

are capable of producing similar plantar pressure redistribution [5]. Stolwijk et al., [5] suggest that “basic insoles 91 

could be sufficient for particular patient groups”; this is the premise that underpins generic prefabricated insole 92 

design. It is therefore important to recognise that whilst it is easy to group orthotic insoles as ‘custom’ or 93 

‘prefabricated’, significant overlap exists between the two in terms of their design features and material 94 

properties. Both groups utilise basic traditional orthotic design features that are commonly used in clinical 95 

practice; midfoot (arch) support, heel cups, heel raises, metatarsal cushioning, and posting or wedging. 96 

 97 

Another variable is performance of the insole material. Soft and flexible orthoses typically provide immediate 98 

‘comfort’ and cushioning and may lead to increased plantar pressure reduction [7], whereas semi-rigid orthoses 99 

have a higher hardness/firmness and are designed to provide structure and support to the foot [3, 8]. It could 100 

therefore be argued that the design features and physical attributes of orthotic insoles should be considered 101 

above simply their method of manufacture. Indeed, the overarching mode-of-action of orthotic insoles is reliant 102 

on these common characteristics, utilised in varying combinations. This may help to explain why recent studies 103 

have reported comparable efficacy between custom and prefabricated designs [6, 9, 10]. 104 

 105 

Clinical evidence of the efficacy of orthotic insoles  106 

There is continuing debate over the efficacy of prefabricated versus custom orthotics [1]; a debate that the huge 107 

variety of prefabricated orthotic insole designs does little to simplify. A growing body of evidence suggests that 108 

prefabricated orthotics are effective in reducing pain across many lower body MSK pain types including foot, 109 



5 
 

heel, knee, leg and lower back pain [9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20], with improvements in both pain 110 

and function comparable to that of traditional custom orthotics for indications such as heel pain [9, 6, 10].   111 

 112 

The benefits of orthotic insole use span far wider than simply those with diagnosed pain conditions in a clinical 113 

setting. For example, the efficacy of orthotic insoles has been clearly demonstrated in populations who spend 114 

significant periods of time ‘on their feet’ during their working day, with studies reporting reduced MSK pain in 115 

police officers [21], soldiers [22], naval recruits [23], nurses [24], factory workers [16], and others whose jobs 116 

involve prolonged standing [11, 25, 26, 27] or long-distance walking [28]. As such, orthotic insoles are proposed 117 

to alleviate mechanical stresses associated with prolonged walking and standing; major contributors to overuse 118 

injuries and lower body MSK pain [29, 30,31, 32). 119 

 120 

The mode-of-action of orthotic insoles: evidence of biomechanic effects for prefabricated orthotic insoles 121 

Despite the common and well-accepted clinical use of orthotic insoles as a means of treating lower body MSK 122 

pain, their physiological basis or ‘mode-of-action’ is not yet well understood. Little comparative experimental 123 

data exists on the biomechanical impact of various orthotic designs, or indeed how these features translate to 124 

clinical success [5, 33]. Meta-analysis of potential mechanisms of foot orthoses revealed two key paradigms that 125 

have emerged from the literature: the shock attenuation paradigm and the kinetic paradigm [3]. Mills et al., [3] 126 

explain that the shock attenuation paradigm is based on the concept that orthoses “reduce the magnitude of 127 

impact force by acting as a cushioning interface between the ground and the foot”, whereas the conventional 128 

kinetic paradigm is based on the hypothesis that orthoses “normalise excess pronation and subsequent coupled 129 

movements in the lower body (e.g. internal tibial rotation)”. Both paradigms, whilst separate, can 130 

simultaneously contribute to how orthotic insoles are able to alleviate MSK pain, therefore orthoses are usually 131 

prescribed with the aim of optimising foot mechanics and function, and/or for providing cushioning and off-132 

loading of foot structures [7].   133 

 134 

The shock attenuation paradigm is linked primarily to peak plantar pressure; Stolwijk et al.,[5] state “it is 135 

assumed that foot pain can be successfully relieved by redistributing the (peak) plantar pressure under the 136 

painful areas of the foot … the question remains however, whether pressure reduction requires a specific type 137 

of insole”. For prefabricated insoles, data in the literature regarding their impact on plantar pressure is variable 138 
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and seemingly dependent on geometric design, with some studies reporting reduced peak plantar pressure in 139 

the forefoot [34] and others reporting increases in forefoot and midfoot plantar pressure [8, 35]. 140 

 141 

According to the kinetic paradigm, orthotic insoles are generally required to significantly affect gait in order to 142 

be efficacious, therefore they often aim to control excessive or abnormal motion of the foot [8], and yet their 143 

precise effect on gait mechanics is poorly understood. It has been suggested that the biomechanic changes 144 

produced by custom orthotics are more pronounced [36] and improvements in gait persist for longer than those 145 

generated by prefabricated orthotics [37], however relatively few studies have evaluated the gait changes 146 

offered by prefabricated orthotics, providing little convincing evidence of significant gait alteration [7, 9, 36, 37]. 147 

There is a need for further research to address this and the subsequent implications for the efficacy of 148 

prefabricated insoles in the treatment of lower body MSK pain. For the general population purchasing over the 149 

counter prefabricated insoles to treat mild foot or lower body pain, or for those looking to reduce the MSK 150 

stresses of prolonged standing or walking, the necessity for alteration of gait is often unclear.  151 

 152 

Summary and study objectives 153 

 154 

There is a lack of consistent evidence to demonstrate the impact of prefabricated orthotic insoles on plantar 155 

pressure or gait mechanics. Although they are generally designed to replicate the traditional orthotic design 156 

features utilised in clinical practice, there is huge variation in the geometry and material properties of 157 

prefabricated insoles. To the authors knowledge, there has been no focus to-date on the comparative effects of 158 

a range of prefabricated orthotic insoles on the biomechanics of a healthy population; therefore, the aim of this 159 

investigation was to consecutively investigate and directly compare the impact of 6 different prefabricated 160 

orthotic insole designs on both gait mechanics and distribution of plantar pressure in a healthy population with 161 

normal foot posture. 162 

 163 

Methods:  164 

2.1 Participants 165 
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Twenty-four healthy male and female participants between the ages of 18-60 years, with a body mass index 166 

(BMI) between 18.5 to 24.9 kg/m2 and shoe size between 4.5 to 11 (United Kingdom)/ 37 to 45 (European), 167 

were included in this investigation.  Written informed consent was obtained from all participants, along with 168 

baseline demographic information and relevant medical and medication history. A physical examination and 169 

assessment of the subject’s anatomy and biomechanics was performed and Foot Posture Index (FPI) [38] was 170 

determined; participants were included if they had a FPI between 6 and 9 showing mild pronation, did not 171 

have any walking impairments, and could walk without distress (as determined by walking at a speed of 3-5 172 

km/h for a distance of 30 meters). A urinary pregnancy test was performed for female subjects. 173 

 174 

Participants were excluded if they had leg-length discrepancy of more than 5mm, a medical condition that 175 

could compromise the use of the orthotic insoles (peripheral vascular disease or sensory neuropathy), current 176 

or previous injury (that had prevented usual activity for more than 3 weeks in the last year), foot pain, or 177 

broken/irritated or damaged skin on their feet. Individuals who used prescribed or self-administered orthotics, 178 

had consulted a healthcare professional for a gait-related or foot pain issues, or those who had a history of 179 

lower limb or foot surgery were also excluded from the study. 180 

   181 

2.2 Experimental protocol: 182 

This was a single centre, open-label, cross-over investigation conducted at the Laboratoire d'Analyse du 183 

Mouvement Humain, based in the Department of Mechanics and Civil Engineering of Université de Liège Sart 184 

Tilman, located in Liège, Belgium. In-shoe dynamic pressure and lower limb biomechanics (3D gait and force 185 

plate analysis) were investigated in 24 healthy subjects wearing neutral standard shoes in combination with 6 186 

prefabricated orthotic insoles consecutively, in a randomised order, measured on a single day. The 187 

biomechanical impact of the investigational insoles was assessed by the statistical significance of changes from 188 

baseline measurements in the standard shoe alone when compared to each test insole.  189 

 190 

   2.2.1  Standard shoe 191 

The control was the standard unisex shoe (Converse All Star Ox [M7652C Optic White], Converse, USA) worn 192 

with the manufacturer’s EVA insole removed (referred to as Device G or ‘standard shoe alone’); the standard 193 

shoe did not have any specific design features that reduced the effects of pronation.  194 
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 195 

2.2.2 Prefabricated orthotic insole range: 196 

A range of 6 prefabricated orthotic insoles (Scholl InBalance Pain Relief insoles, Scholl’s Wellness Company, 197 

UK) were investigated (Insoles A-F: Figure 1; Table 1). Each insole had neutral rearfoot posting and differed in 198 

design, either by material properties and/or geometry; insoles were fabricated from a combination of ethylene 199 

vinyl acetate (EVA), polyurethane (PU), thermo plastic elastomer (TPE), or thermoplastic polyurethane (TPU) 200 

and incorporated design features such as arch support, heel cup, and heel and metatarsal pads (Table 1). The 201 

range was developed to alter the forces acting on the foot and lower body in order to relieve a range of foot 202 

and lower body MSK pains, with an overarching triple mode of action consisting of; 1) shock absorption, 2) 203 

redistribution of plantar pressure, and 3) improvement of foot stability. Four of the six insoles in the range are 204 

commercially available and intended to be self-selected by an adult population experiencing mild intermittent 205 

MSK pain as a consequence of prolonged periods of standing or walking. The range is not intended to be used 206 

for the treatment of severe pain, injury, or biomechanical gait abnormalities.  207 

 208 

2.2.3 Randomisation: 209 

Eligible subjects were randomised to a sequence which defined the order in which the pair of 210 

insoles and standard shoe alone were to be tested. The sequence of allocation was based on a 7x7 Latin 211 

square design.  212 

 213 

2.2.4 Fitting of the standard shoe and insoles: 214 

The standard shoe was assigned based on the participants normal shoe size. Orthotic insoles were placed 215 

directly inside the standard shoe (without the original shoe insole) and cut to fit the size and shape of the 216 

standard shoe by the podiatrist. Subjects walked around for approximately 20 meters in order to get a 217 

stabilised gait after each insole was fitted in the standard shoe. The investigator and subject each assessed the 218 

fit of the insole prior to the assessments. If there was a problem (i.e. discomfort) identified the insole was re-219 

fitted into the standard shoe and subjects were asked to walk around to check that the new positioning had 220 

resolved the problem. 221 

 222 

2.2.5 In-shoe dynamic pressure:  223 
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In-shoe dynamic pressure measurements [F-Scan (wireless), Tekscan, Boston, USA] were applied to both feet 224 

and involved the subjects wearing a standard shoe alone (without insoles) and the standard shoe with each of 225 

the six prefabricated orthotic insoles. Standard in-shoe sensors with 3.9 sensels per cm2 were used and cut to 226 

fit the size and shape of the shoe for each participant. Three regions were assessed – ball of foot (BOF), medial 227 

arch, and heel - defined using the automatic 3-box analysis algorithm of the acquisition software. Using the 228 

calibration procedure within the acquisition software, calibration of each foot was performed separately, with 229 

the subject standing still in an upright position with the shoes on. Data were sampled at 50Hz and processed 230 

using the F-Scan software (v7.50-07). Peak pressure (PP), pressure time integral (PTI) and contact area (CA) 231 

were assessed for each region. Participants were given a familiarisation period for each condition to determine 232 

the (subject specific) starting position, to have the feet land on the force plates naturally, and to allow the 233 

subject to feel comfortable with the environment; subjects were given the instruction to “walk at a self-chosen 234 

comfortable speed”. Data were collected during three walking trials and a mean of the three was taken.  235 

 236 

2.2.6 3D gait analysis (including force plate): 237 

Three-dimensional gait analysis was conducted concurrently to the pressure data collection. Kinematic data 238 

were collected using a Codamotion system with three units at 100 Hz (CodaMotion, Charnwood Dynamics, UK) 239 

[44]. Synchronised kinetic data was collected using one force plate at 1000 Hz (Kistler 9281EA, Kistler 240 

Instruments Ltd. London, UK).   241 

 242 

Prior to the walking trials a static calibration trial was recorded. This consisted of participants standing in a 243 

natural upright position and palpating anatomical landmarks then creating a virtual marker using a wand with 244 

four markers with known positions. Virtual anatomical markers were created for the anterior superior iliac 245 

spine, posterior superior iliac spine, lateral and medial femoral epicondyles, lateral and medial tibial condyle, 246 

lateral and medial malleoli, 1st and 5th metatarsal phalangeal. Whilst, active markers were placed on the thigh 247 

(four non-orthogonal markers), lower leg (four non-orthogonal markers) and calcaneus (three markers on a 248 

tripod) to track the motion of each segment during the dynamic walking trials. Subjects were then instructed 249 

to walk in a straight line (15 to 20m) to achieve a stabilized gait within the acquisition field; acquisition time 250 

was set to 15 seconds. For each condition (standard show alone and in combination with each of the 6 251 
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insoles), subjects performed one familiarisation trial and data was recorded for a subsequent 3 trials. A trial 252 

was accepted when the feet landed fully on the force plates.  253 

 254 

Data were exported and processed using Visual3D (C-Motion, Inc., Germantown, MD, USA). A low pass 255 

Butterworth 4th order filter with cut of frequencies of 6 Hz and 25 Hz were used for motion and force data. A 256 

six degree of freedom model was used. Hip joint centers were calculated using anterior superior iliac spinae 257 

locations based on [39]. Knee and ankle joint centers were determined as the mid-point between the medial 258 

and lateral epicondyles and malleoli respectively. External joint moments were calculated using three-259 

dimensional inverse dynamics. Estimated segment inertial and geometric properties were determined for each 260 

participant [40]. Joint moments were normalised to body mass (Nm/kg).  261 

 262 

Joint orientation (rearfoot angle at contact, maximum rearfoot angle, rearfoot excursion, maximum pelvic tilt, 263 

maximum pelvic obliquity, maximum hip adduction) & kinetics (maximum vertical force, vertical impulse, 264 

maximum ankle inversion moment, maximum ankle eversion moment, maximum knee adduction moment, 265 

maximum hip adduction moment, maximum hip abduction moment) were determined.  266 

 267 

2.2.7 Statistical analysis: 268 

Continuous variables were summarised with means, standard deviations, and valid cases. Following the 269 

intention-to-treat (ITT) principle, all subjects participating in the study were included in the analysis of 270 

demographics, baseline, biomechanics and safety analysis wherever possible; subjects belonged in the ITT if 271 

they had used at least one insole.  272 

 273 

For in-shoe dynamic pressure, right and left foot were analysed and summarised separately. For gait and force 274 

plate, analysis of within-subject differences of each insole compared to standard shoe alone were performed. 275 

Difference for each parameter of each insole to shoe alone measurements was calculated. Statistical 276 

significance was present when the 95% confidence interval did not include zero.  277 
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 278 
Figure 1: The range of 6 prefabricated orthotic insoles (Scholl InBalance Pain Relief insoles).  279 

From left to right: Insoles A-F. Top side, underside and medial side views (not to scale).  280 

Table 1: Orthotic insole range description, material composition and design features.  281 

Orthotic 
insole 

Design Description & material composition Design features 

A ¾ length Rigid orthotic insole made from EVA foam with inserted softer PU foam pads 
incorporated into the heel area. 

Medial arch support and heel cup. 
 

B ¾ length Slim shaped orthotic insole made from PU foam with inserted softer PU foam pads 
incorporated into the ball of foot and heel area. 

Medial arch support and metatarsal dome.  

C Full-length Shaped orthotic insole made from PU foam with inserted softer PU foam pads 
incorporated into the ball of foot and heel area. 

Medial arch support and heel cup. 

D Full-length Shaped orthotic insole made from EVA foam with inserted softer PU foam pads 
incorporated into the ball of foot and heel area. 

Medial arch support and heel cup.  

E Full-length Shaped rigid orthotic insole made from EVA foam with a ¾ length hard shell injected 
with TPU, with softer PU foam pads incorporated into the ball of foot and heel area. 

Medial arch support and heel cup. 

F Heel cup Horseshoe shaped flexible gel heel cup (TPE), with softer TPE gel pad in the heel 
area. 

Medial arch support, flexible heel cup and heel raise.  

(PU = Polyurethane, TPE = Thermo Plastic Elastomer, EVA = Ethylene Vinyl Acetate, TPU = Thermoplastic polyurethane).282 
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Results:  283 

3.1  Participants: 284 

A total of 24 subjects were included in this investigation; one subject withdrew consent before completing all 285 

assessments. Subject age ranged from 20 to 55 years with an overall mean of 36.1 years and a standard 286 

deviation (SD) of 10.82 years. Sex was balanced in the overall population (11 men, 13 women). All subjects 287 

were of white ethnic origin. The overall mean height was 1.7m (SD = 0.09, range = 1.54-1.88m), the mean body 288 

mass was 63.63kg (SD = 10.12, range = 44.0-88.0kg), the mean body mass index (BMI) was 22.03kg/m2 (SD = 289 

2.02, range = 18.6-24.9kg/m2), and all subjects were within the required foot posture index (FPI) range of 6-9 290 

(mean = 6.6, SD = 0.93).   291 

 292 

3.2 In-shoe dynamic pressure:  293 

The in-shoe dynamic pressure was measured in 23 subjects. Changes in PP, PTI and CA per insole compared 294 

with shoe-alone are presented in Figure 2 and summarised in Figure 3; variability between insoles and 295 

anatomical areas of interest (ball of foot, medial arch, and heel) were observed: 296 

 297 

3.2.1 Force and pressure:  298 

3.2.1.1 Peak pressure - PP 299 

PP was consistently reduced for the majority of insoles across the ball of foot, medial arch and heel regions 300 

(Figure 2 [panel 1]; Figure 3). Most notable was the impact on PP at the heel area, which was reduced across 301 

all of the insoles and statistically significant in both feet for insoles B-E. Insoles B-E also demonstrated 302 

statistically significant reductions in PP at the medial arch in one or both feet.  303 

 304 

3.2.1.2 Pressure Time Integral – PTI 305 

PTI measurements were consistently reduced at the heel and medial arch regions across the insole range 306 

(Figure 2 [panel 2]; Figure 3). The most significant changes were noted in the medial arch area for insoles A-E; 307 

statistically significant decreases in PTI were observed for both feet. At the heel region, a statistically 308 

significant reduction in PTI was observed for all insoles in either one (Insoles D-F) or both feet (Insoles A-C).  309 

   310 
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3.2.1.3 Contact area - CA 311 

CA for medial arch and whole foot regions was statistically significantly increased, in either one or both feet, 312 

for Insoles A-E (Figure 2 [panel 3]; Figure 3). For Insole F, CA at the medial arch was statistically significantly 313 

reduced in both feet, and CA across the whole foot was not significantly changed (Figure 2 [panel 3]: Figure 3).  314 

 315 

3.3 Gait and force plate analysis: 316 

The gait and force plate analyses were performed on 24 subjects. Insoles C, D and E were not measured in one 317 

subject because the subject withdrew consent part-way through the assessments; analysis was based on 318 

observed data only, there was no imputation of missing data.  319 

  320 

3.3.1 Kinematic data 321 

Kinematic data is provided in Table 2. Joint orientation was not statistically significantly changed for the 322 

majority of measures across the 6 orthotic insoles in this investigation. Statistically significant changes were 323 

observed in insole F only: hip adduction was decreased unilaterally, and pelvic obliquity was increased.  324 

 325 

3.3.2 Kinetic data 326 

Kinetic data is provided in Table 3. Significant changes were noted for ankle inversion, ankle eversion and knee 327 

adduction moments for insoles A, C, D, E and F. Hip adduction moment was increased for insoles A and B. 328 

Insole B did not impact gait and demonstrated an absence of any consistent statistically significant changes in 329 

kinetic data. 330 

 331 

3.4 Safety results:  332 

No adverse events, adverse device effects or device deficiencies occurred during this clinical investigation.333 

 334 
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 335 

 336 

Figure 2. Force and Pressure. 337 

Change in Peak pressure [PP] (Panel 1), Pressure time integral [PTI] (Panel 2), and Contact area [CA] (Panel 3), from 338 
standard shoe alone; measured at ball of foot, medial arch, heel and whole foot regions where indicated. Insoles indicated 339 
by letters A-F. L = left, R = right. (n=23). Asterisks indicate statistical significance; present when the 95% confidence interval 340 
did not include zero. 341 

 342 

 343 
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 344 

Figure 3. Summary of plantar pressure changes across the prefabricated orthotic insole range. 345 

The overall shape and design features of each insole are shown; metatarsal padding (yellow), arch support (orange) and 346 
heel padding (green). Peak Pressure (PP) and Pressure Time Integral (PTI) are displayed for ball of foot, medial arch and heel 347 
regions. Contact area (CA) was tested at the medial arch and whole foot regions only. * Increases (red) or decreases (blue) 348 
are shown for each parameter when statistical significance was observed for one or both feet, for each insole in the range 349 
(n = 23). All insoles with heel padding decreased PP and PTI at the heel region. All insoles with arch support (full- and ¾-350 
length insoles) increased CA at the medial arch and whole foot, reduced PTI at the medial arch, and reduced PP at the 351 
medial arch (with the exception of insole A).  352 
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 Table 2: Change in joint orientation as a result of each insole compared with shoe alone.  353 

Parameter Left / Right / Not 
applicable 
(L/R/NA) 

(mean, 95% CI) 

Orthotic insole 

A 
(n=24) 

B 
(n=24) 

C 
(n=23) 

D 
(n=23) 

E 
(n=23) 

F 
(n=24) 

Rearfoot angle 
at contact (0) 

L -0.43 (-3.83, 2.97) 0.20 (-2.17, 2.58) 0.30 (-1.85, 2.46) 0.07 (-2.14, 2.27) 0.34 (-2.00, 2.68) 0.12 (-1.47, 1.71) 

R -0.15 (-2.69, 2.40) 0.51 (-1.86, 2.88) 0.58 (-1.41, 2.57) 0.46 (-1.76, 2.68) 0.90 (-1.39, 3.18) 0.26 (-1.81, 2.33) 

Maximum 
rearfoot angle (0) 

L -0.56 (-4.07, 2.94) 0.36 (-2.99, 3.71) 0.15 (-2.78, 3.07) -0.21 (-2.87, 2.44) 0.50 (-2.43, 3.44) -0.02 (-2.22, 2.18) 

R 0.13 (-2.55, 2.81) -0.03 (-2.66, 2.59) -0.35 (-2.42, 1.72) 0.07 (-2.27, 2.41) 0.21 (-2.01, 2.43) -0.50 (-2.92, 1.93) 

Rearfoot 
excursion (0) 

L -0.10 (-1.13, 0.93) -0.05 (-1.14, 1.03) -0.16 (-1.31, 0.99) -0.27 (-1.3, 0.77) -0.37 (-1.41, 0.66) -0.37 (-1.34, 0.60) 

R -0.06 (-1.28, 1.15) 0.29 (-1.02, 1.60) 0.93 (-0.23, 2.09) 0.30 (-1.58, 2.18) 0.91 (-0.67, 2.49) 0.76 (-0.54, 2.06) 

Hip adduction (0) L 0.47 (-0.19, 1.13) -0.07 (-0.74, 0.59) -0.43 (-1.22, 0.36) 0.44 (-0.27, 1.14) 0.24 (-0.20, 0.66) -0.74 (-1.72, 0.25) 

R -0.42 (-1.29, 0.45) 0.39 (-0.65, 1.42) 0.03 (-0.79, 0.85) -0.96 (-2.14, 0.22) -0.16 (-0.82, 0.50) -0.78 (-1.52, -0.03)* 

Pelvic tilt (0) NA 0.09 (-1.19, 1.37) -0.10 (-0.59, 0.39) -0.05 (-0.64, 0.53) -0.00 (-0.65, 0.64) -0.08 (-0.71, 0.54) -0.08 (-0.75, 0.59) 

Pelvic obliquity 
(0) 

NA 3.49 (-4.24, 11.22) 0.45 (-0.07, 0.97) 0.18 (-0.27, 0.63) 0.33 (-0.36, 1.02) 0.10 (-0.36, 0.57) 1.08 (0.09, 2.07)* 

 354 
* Result with insole was statistically significantly different from standard shoe alone (statistical significance was present when the 95% confidence interval did not include zero). n=23 (Insoles 355 
C, D & E), n=24 (Insoles A, B & F). 356 
 357 

 358 

 359 

 360 
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Table 3. Change in kinetics as a result of each insole compared with shoe alone.  361 

Parameter Left / Right (L/R) 
(mean, 95% CI) 

Orthotic insole 
A 

(n=24) 
B 

(n=24) 
C 

(n=23) 
D 

(n=23) 
E 

(n=23) 
F 

(n=24) 
Vertical force (BW) L 0.00 (-0.01, 0.01) 0.01 (-0.01, 0.02) 0.00 (-0.02, 0.02) 0.01 (-0.01, 0.02) -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.02) 

R 0.00 (-0.01, 0.02) -0.00 (-0.02, 0.02) -0.00 (-0.02, 0.02) -0.01 (-0.03, 0.01) -0.01 (-0.03, 0.01) -0.00 (-0.02, 0.02) 

Vertical impulse 
(BW.s) 
 

L 0.00 (-0.01, 0.02) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.00) 0.00 (-0.00, 0.01) 
R 0.00 (-0.01, 0.01) -0.01 (-0.01, 0.00) -0.01 (-0.02, 0.00) -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 

Ankle inversion 
moment (BW.m) 
 

L 0.02 (0.01, 0.04)* 0.01 (-0.13, 0.36) 0.01 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.02 (0.00, 0.04)* 0.01 (0.00, 0.03)* 

R 0.00 (-0.02, 0.03) -0.01 (-0.04, 0.03) 0.00 (-0.04, 0.04) 0.01 (-0.02, 0.04) 0.00 (-0.02, 0.02) 0.00 (-0.01, 0.02) 

Ankle eversion 
moment (BW.m) 
 

L 0.03 (-0.01, 0.06) 0.01 (-0.03, 0.05) 0.03 (0.01, 0.06)* 0.03 (-0.00, 0.06) 0.07 (0.04, 0.09)* 0.02 (-0.01, 0.04) 

R 0.03 (0.01, 0.04)* -0.01 (-0.02, 0.01) 0.01 (-0.00, 0.03) 0.02 (0.01, 0.04)* 0.02 (0.01, 0.04)* 0.02 (0.00, 0.03)* 

Knee adduction 
moment (BW.m) 
 

L 0.04 (0.01, 0.07)* 0.03 (-0.00, 0.06) 0.03 (0.01, 0.05)* 0.03 (0.01, 0.05)* 0.05 (0.02, 0.08)* 0.04 (0.02, 0.06)* 

R 0.04 (0.02, 0.05)* -0.00 (-0.02, 0.01) 0.00 (-0.02, 0.03) 0.01 (-0.01, 0.03) 0.02 (-0.01, 0.04) 0.02 (0.01, 0.03)* 

Hip adduction 
moment (BW.m) 
 

L 0.04 (0.00, 0.08)* 0.05 (0.01, 0.09)* 0.03 (-0.01, 0.07) 0.03 (-0.00, 0.07) 0.03 (-0.00, 0.07) 0.02 (-0.02, 0.06) 

R 0.03 (-0.01, 0.07) 0.03 (0.00, 0.06)* -0.00 (-0.04, 0.03) 0.01 (-0.03, 0.04) 0.03 (-0.01, 0.06) 0.01 (-0.02, 0.03) 

Hip abduction 
moment (BW.m) 
 

L 0.08 (-0.07, 0.23) 0.09 (-0.06, 0.24) 0.07 (-0.08, 0.23) 0.08 (-0.09, 0.24) 0.07 (-0.08, 0.21) 0.07 (-0.09, 0.22) 

R 0.01 (-0.01, 0.03) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.02) 0.01 (-0.01, 0.02) 0.00 (-0.02, 0.02) 0.00 (-0.01, 0.02) 

 362 
BW = body weight. * Result with insole was statistically significantly (p<0.05) different from standard shoe alone (statistical significance was present when the 95% confidence interval did not 363 
include zero).  n=23 (Insoles C, D & E), n=24 (Insoles A, B & F).364 
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Discussion:  365 

This novel comparative study contributes to our understanding of two key aspects of prefabricated insole use; 366 

mode-of-action and intended population. Direct comparison of six different insole designs allowed us to 367 

evaluate the impact of a range of geometric features and material properties on plantar pressure and gait – 368 

parameters that are generally reported for a single device design per investigation. Furthermore, in a field where 369 

most biomechanic investigations include diagnosed pain populations, our study provides data on the effects of 370 

prefabricated orthotic insoles in a healthy population. This is especially relevant as prefabricated insoles are 371 

commonly purchased over-the-counter by an undiagnosed population who self-select their device.  372 

 373 

The findings show that, for each of the 6 prefabricated insoles in the range, although there was no consistent 374 

evidence of significant alteration of gait mechanics when compared with the control shoe, there were significant 375 

changes in plantar pressure distribution associated with specific orthotic design features. 376 

 377 

Plantar pressure redistribution 378 

 379 

Heel cups and padding 380 

At the heel area, PP and PTI were statistically significantly reduced (in one or both feet) by all insoles in this 381 

range; all insoles had heel cups and heel padding (with the exception of Insole B which had heel padding only). 382 

These findings are consistent with data from similar studies which also report reductions in pressure at the 383 

heel region as a result of orthotic insoles that aim to mitigate the repetitive forces and MSK stresses generated 384 

at the heel strike during walking [5, 41, 42]. 385 

 386 

Arch support 387 

This study found a statistically significant increase in CA at the medial arch region for all full- and ¾ - length 388 

insoles in the range (A-E), due to the raised geometry of their arch support making contact in previously non-389 

weightbearing areas of the midfoot. A significant increase in CA was also observed for the whole foot for these 390 

insoles. Each of these insoles also significantly reduced PTI at the medial arch and insoles B-E significantly 391 

reduced PP in this region. Interestingly, Insole A did not affect PP at the medial arch, however this insole had 392 
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the highest arch support of the range, suggesting that compression of the EVA foam during gait was not 393 

enough to reduce PP at this arch height. This would align with data from harder, less shock-absorbing custom 394 

orthotic insoles obtained from healthcare professionals, which have been shown to increase in PP under the 395 

metatarsal bones and lateral foot [5], and for contoured foot orthoses that increase CA and also increase PP 396 

under the medial midfoot [42]. Based on the medial arch CA, PP and PTI data generated during this study, one 397 

advantage of this range of prefabricated insoles is that they provide structural support at the arch without the 398 

increase in PP often seen with harder orthosis; in fact this range statistically reduced PP and PTI at the arch, 399 

which could potentially have beneficial effects on user comfort and may improve insole compliance.  400 

 401 

In contrast, Insole F (the heel cup design) produced a significant decrease in CA at the medial arch region, 402 

presumably due to the increased height provided by its heel raise and its more minimal arch support. 403 

Furthermore, Insole F was the only device in the range not to significantly increase CA across the whole of the 404 

foot, which was expected as this device was designed to make contact with a much smaller plantar surface 405 

area. For this insole, PP at the medial arch was reduced (although this was not statistically significant), possibly 406 

due to the pressure redistribution effects of a heel raise.  407 

 408 

 Metatarsal padding 409 

The insoles in this range with softer PU foam pads incorporated into the ball of foot region (Insoles B-E) 410 

produced a consistent reduction in PP at the forefoot, although this reduction was statistically significant for 411 

Insole E only. The assumption that metatarsal padding in the forefoot region would have a beneficial impact 412 

on plantar pressure in this region does not consider the pressure redistribution effects of the midfoot and heel 413 

sections of the insole. For example, Insole A has the highest heel height of the range in relation to the forefoot 414 

as it is designed to be placed under the arch and heel only; in this case, we observed a statistically significant 415 

increase in both PP and PTI at the ball of foot region, presumably due to the pressure redistribution effects of 416 

heel height. Similarly, Van Lunen et al., [35] reported a 30% increase in PP under the medial forefoot reported 417 

when walking or jogging whilst wearing an orthotic insole incorporating a 15-mm high heel raise that the 418 

authors describe as “a cross between a sturdy heel cup and ¾-length orthosis”; very similar in design to insole 419 

A of this study. Therefore, taking the height of the heel cup into account may help to explain why the 420 

reductions in PP at the forefoot regions that we observed for insoles with metatarsal padding did not reach 421 
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statistical significance – the potential increase in PP caused by the redistribution effects of the heel cup was 422 

mitigated by the metatarsal padding.  423 

 424 

Although orthoses specifically used to control metatarsalgia symptoms aim to lower peak plantar pressures in 425 

the forefoot [2, 43], orthotic studies have demonstrated both significant reductions [34, 5] and contrasting 426 

significant increases [8, 35] in pressure under the forefoot. Our findings suggest that it is important to consider 427 

the variation in orthotic device design, and how this may translate to differences in overall plantar pressure 428 

redistribution, especially for PP at the forefoot region.  429 

 430 

Plantar pressure redistribution summary 431 

 The shared design features of the prefabricated insoles in this investigation contributed to the mode of action 432 

of plantar pressure redistribution via a combination of: 1) the geometry of each insole in the range making 433 

contact in areas not previously weight bearing (e.g. heel cup embracing the sides of the heel and/or arch 434 

support compressing under the arch), and 2) the material properties in areas of the foot that do bear load (e.g. 435 

varying density of materials at different regions including forefoot, arch and heel areas). In general, ¾- and full-436 

length insoles with heel cups and medial arch geometries consistently increased CA at the medial arch region 437 

and reduced both PP and PTI at medial arch and heel regions (as summarised in Figure 3). Reductions in PP and 438 

PTI likely occurred as a result of the shock absorbing properties of the EVA and PU foam materials used in the 439 

range, particularly at the heel region. These findings were demonstrated across this insole range, in a similar 440 

manner to the pressure redistribution patterns described by Stolwijk et al., [5] for different foot complaints 441 

and arch heights when comparing a range of insoles. 442 

 443 

Alteration of gait 444 

 445 

On the whole, the insoles included in this investigation did not impact gait; there was an absence of consistent 446 

statistically significant changes in kinematic and kinetic data for the majority of insole types. Where statistically 447 

significant changes in kinetics were observed these were always increases, however the variability in 448 

parameters between insole designs and the lack of consistency between left and right sides of the body do not 449 

allow for meaningful conclusions and more evidence is needed to determine the impact of insole design 450 
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features on kinetics. Of the few published studies that compare the biomechanic effects of custom-made and 451 

prefabricated orthotics, the majority do not demonstrate consistent effects or convincing evidence that 452 

prefabricated orthotics influence gait significantly differently than custom orthotics [7, 9, 36, 37]. Interestingly, 453 

where prefabricated and full-contact custom orthotic insoles have been shown to provide immediate 454 

improvements in gait, only the custom orthoses were able to maintain this for 4 weeks [37]. 455 

Traditional orthotics aim to control excessive or abnormal motion of the foot [8], as per the kinetic paradigm 456 

which states that orthotic insoles are generally required to significantly affect gait in order to be efficacious [5]. 457 

However, their precise effect on gait mechanics (and how this translate to clinical benefit), particularly for 458 

prefabricated insoles, is yet to be fully determined. For the general population self-selecting commercially 459 

available prefabricated orthotic insoles, it may be advantageous that these devices do not seem to modify gait; 460 

the lack of significant gait alteration observed in the current study (of a healthy population displaying mild foot 461 

pronation) could therefore be perceived as a beneficial feature of prefabricated insoles designed to 462 

redistribute plantar pressure, without detrimentally affecting gait.  463 

 464 

Prefabricated orthotic insoles: intended population 465 

 466 

Prefabricated orthotic insoles represent a low-cost, easily accessible treatment option for MSK pain, 467 

particularly mild or moderate pain that does not warrant intervention from a healthcare professional. In a 468 

healthy population, prefabricated insoles offer a means to alleviate or prevent mechanical stresses and plantar 469 

pressure associated with prolonged walking or standing, known to contribute to overuse injuries and lower 470 

body MSK pain [11, 16, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32]. The value of performing biomechanical 471 

testing on a range of prefabricated orthotic insoles in a healthy population, such as this study, is that the 472 

general population is often not represented in the literature, despite being the primary intended population 473 

for such self-select devices; the majority of data to support their mode of action comes from clinical studies 474 

that include patients with diagnosed pain conditions and/or gait abnormalities.  475 

 476 

Prefabricated orthotic insole design features 477 

 478 
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This study directly compared a range of six prefabricated insoles which differed in their geometries and material 479 

properties, yet shared common orthotic design features (arch support, heel cup and metatarsal padding). We 480 

conclude that the shared design features of this range were able to elicit comparable changes in plantar pressure 481 

at specific regions of the foot. Although our data suggest that similar prefabricated orthotic insole designs could 482 

have similar effects on plantar pressure redistribution, it is difficult to generalise our findings to the huge range 483 

of commercially available prefabricated orthotic designs. Further comparative studies would be useful in 484 

determining the effects of specific geometric variations on plantar pressure, both in healthy populations and in 485 

those with diagnosed musculoskeletal lower body or foot pain.  486 

 487 

Study limitations 488 

One limitation of this study was that the investigation was conducted on a single day; long-term adaptation to 489 

orthoses was not investigated. Furthermore, as this study was conducted on healthy participants, there was no 490 

evaluation of the extent to which the biomechanic effects provided by these insoles may translate to pain 491 

relief. To investigate efficacy, a subsequent study of 4 of the insoles in this range has been conducted to 492 

evaluate their tolerability and impact on MSK pain in a population who spent most of their working day on 493 

their feet (data on file – Reckitt Health, UK).  494 

This study presented statistical outcomes for left and right feet separately. Interpretations focused on 495 

evidence where both left and right showed statistically significant effects, since this offered the most robust 496 

evidence of effect. However, in cases where unilateral changes were observed, often the non-significant side 497 

showed evidence of change in the same direction as the side showing significant effects and was close to 498 

statistical significance. Lack of statistical significance across both feet is therefore not considered evidence of a 499 

nil effect.  500 

 Conclusions 501 

By directly comparing 6 orthotic insole designs, this investigation has aided in further understanding the mode 502 

of action of prefabricated insoles and their impact on biomechanics in a healthy population. The insoles in this 503 

study reduced plantar pressure at key regions of the foot, based on geometric design features common to 504 

prefabricated insoles, yet there was no evidence that gait mechanics were impacted; an important 505 
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consideration for the general population, for which unintended alteration of gait could be detrimental. 506 

Commercially available prefabricated insoles represent an easily accessible means of reducing lower body 507 

musculoskeletal stress and could be especially beneficial to those who spend prolonged periods of time on 508 

their feet. 509 

 510 
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