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ABSTRACT 

QIU WANG 

BIOMECHANICAL EFFECTS OF THERAPEUTIC SHOES 

MAY 2014 

 

The purpose of this study was to determine whether or not Orthofeet® Biofit and 

Orthofeet® Dress therapeutic shoes provided biomechanical benefits compared to 

Danskin® Now. Twenty participants (eight women and twelve men) walked at self-paced 

speed across a walkway with two embedded force plates. Both in-shoe plantar pressure 

and gait kinematics and kinetics in the sagittal plane were collected. Therapeutic 

footwear showed significant effects on gait kinetics and kinematics at the ankle joint 

level and the effects diminished towards more proximal joints (i.e. knee and hip joints). 

Therapeutic footwear altered the plantar pressure distribution with increased peak 

pressure and Pressure-time integral (PTI) under the big toe, slightly reduced peak 

pressure and PTIs under 1st metatarsal, reduced peak pressure and PTIs under the medial 

heel. The outcomes of the study might be useful and helpful for both clinical practitioners 

and consumers when choosing therapeutic footwear. 
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CHAPTER I 
 

INTRODUCTION 
 

Foot ulcers are the leading precursor to diabetes related amputation(Pecoraro, 

Reiber, & Burgess, 1990) and ulcer prevention is a critical step towards preserving limb 

(Armstrong & Lavery, 2005; Singh, Armstrong, & Lipsky, 2005). Foot ulcers often occur 

at the site of moderate and high pressure on the sole of the foot in persons with sensory 

neuropathy, limited joint mobility and structural foot deformity. Both surgical (e.g. 

Achilles tendon lengthening) and non-surgical interventions (e.g. casting and therapeutic 

footwear) are available to prevent the risk of ulceration. Among these, therapeutic 

footwear and insoles have been widely used in clinical practice in managing foot 

deformities and ulceration. A wide range of therapeutic footwear is on the market and 

they share common characteristics such as extra depth and soft upper materials. 

Therapeutic footwear usually has mild to moderate rocker bottom. Rocker bottom 

profile has been reported to be effective in improving ankle plantar flexion, restricting 

metatarsophalangeal (MTP) joint in the sagittal plane and reducing plantar pressure under 

metatarsal head (Bowling, Reeves, & Boulton, 2011). Praet and Louwerens (2003) 

compared three shoe designs and found that the rocker bottom profile could reduce the 

plantar pressure under the heel and medial forefoot up to 35-65%. Van Schie et al. ( 2000) 
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further evaluated the rocker height and axis location and found that placing the rocker 

axis around 55-60% of the shoe length tended to best reduce the plantar pressure under 

metatarsal head. A more recent study on the Masai Barefoot Technology (MBT) footwear 

showed significant effects on gait kinematics and kinetics such as decreased knee 

extension angle in the early stance phase, a decreased hip extension angle, an increased 

ankle dorsiflexion angle in the late stance phase and reduced joint moment and power in 

the late stance phase (Taniguchi, Tateuchi, Takeoka, & Ichihashi, 2012).  

Among the few studies on therapeutic footwear majority of them focused on 

either plantar pressure(Lavery, Vela, Fleischli, Armstrong, & Lavery, 1997) or gait 

kinematics and kinetics(Myers et al., 2006; Taniguchi et al., 2012; Van Bogart et al., 

2005). Previous studies have shown that gait pattern and plantar pressure was closely 

related and interacting with each other (Bowling et al., 2011; Chung & Wang, 2012). In 

addition, a significant gender effect was reported (Chung & Wang, 2012; Queen, Abbey, 

Wiegerinck, Yoder, & Nunley, 2010; Sarabon, Panjan, & Latash, 2013). Hence, there is a 

strong need to investigate both aspects with GENDER as a between-subject factor when 

evaluating therapeutic footwear. Among some of the most popularly used therapeutic 

footwear, Orthofeet® (Orthofeet Inc., NJ USA) have some distinct features such as 

ergonomic sole and tie-less lace design (integrates a lace and straps). Although 

Orthofeet® footwear have been favorably recommended by foot specialist and received 

positive feedback from consumers, its biomechanical effects have not been fully 

investigated and its efficacy in reducing plantar pressure remains unknown.  
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Statement of the Problem 

Footwear is intimately accommodated to the foot. Its characteristics such as 

structure, design and material can potentially affect the plantar pressure and gait pattern. 

With increasing number of new designs of therapeutic footwear on the market each year, 

both consumers and clinicians are interested in learning their potential biomechanical 

effects such as gait pattern and plantar pressure. However, there is a lack of scientific 

evidence showing whether the Orthofeet® therapeutic footwear will offer biomechanical 

benefits such as reducing the plantar pressure and impacting positively on the gait pattern 

kinematics and kinetics. 

Purpose of the Study 

The purpose of this study was to determine whether the Orthofeet® therapeutic 

footwear would provide biomechanical benefits compared to Danskin® Now. 

Specifically, the study aimed to investigate the effects of footwear on plantar pressure 

and lower extremity kinematics and kinetics in a healthy population during walking. 

Research Hypothesis 

 It was hypothesized that the Orthofeet® therapeutic footwear would affect the 

plantar pressure, gait kinematics and kinetics during walking at self-selected speed in 

healthy population. Specifically, it was expected that there would be no gender difference 

on foot plantar pressure and gait kinematics and kinetics in the sagittal plane and 

Orthofeet® therapeutic footwear would reduce the plantar pressure under the big toe, first 

metatarsal head and heel, and range of motion would increase in the ankle joint but not in 
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the knee and hip joints. In addition, joint torques at the ankle, knee and hip joints would 

be increased. 

Definitions 

The following definitions were used throughout the study. 

Center of pressure (COP): the point of application of the ground reaction force on the 

force plate. 

Center of force (COF): represents the center for all of the forces on the sensor when using 

the in-sole pressure mapping system.COF is commonly used as an estimation of COP.  

Ground reaction force: the force exerted by the ground on an object which is in contact 

with the ground. 

Peak pressure: maximum value within the region of interest on the in-sole pressure map. 

Pressure-time integral (PTI): integral of the pressure over a specific time interval (e.g. 

stance phase). Mathematically, it is equivalent to the area under the pressure-time curve. 

Plantar pressure: biomechanical measurements of pressure distribution between the foot 

plantar surface (sole) and the supporting surface. 

Therapeutic footwear: specially designed footwear intended to reduce the risk of skin 

breakdown in diabetics. 

Assumptions 

The following assumptions were made in this study. 
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1. Participants understood and followed the instructions closely. 

2. Participants were comfortable wearing the footwear provided. 

3. The setting in a typical gait lab did not impact gait pattern significantly. 

4. The experimenter was consistent when applying the reflective markers on the 

participants. 

Limitations and Delimitations 

The following limitations and delimitations were acknowledged in this study. 

1. Participants were selected by the convenience method from the available 

population. 

2. Participants were limited to relatively young population (18 to 48years old). 

3. Participants walked at self-selected speeds. 

4. Gait analysis was conducted in a laboratory setting which did not represent the 

gait pattern used in the real world. 

Significance of the Study 

 This study was the first to investigate the potential biomechanical effects of  the 

Orthofeet® footwear. It was expected that the protocol of the study would be useful to 

lay down some foundation for future studies to explore biomechanical effects of various 

therapeutic footwear especially in the population with diabetes. The findings of the study 

might be useful and helpful for both consumers and clinicians in decision making when 

shopping therapeutic footwear.  
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CHAPTER II 

REVIEW OF THE LITERATURE 

The literature began with an overview of basic foot-ankle anatomy and gait. 

Review of plantar pressures and related techniques were followed. Thereafter, therapeutic 

footwear and current knowledge of their effects on gait and plantar pressure were 

reviewed.  

Basic Foot-Ankle Anatomy 

The human foot consists of 26 bones, 32 joints and 112 ligaments. The foot is 

structured to offer support of the body and shock absorption. The foot is divided into 

three segments: rearfoot or hind foot which consists of talus and calcaneus; midfoot 

including five short bones (navicular, cuboids and cuneiform)which forms the main arch; 

and forefoot composed of metatarsal, the ball of the foot, phalanges and toes. 

The motion of foot is related to two major articulations: the subtalar joint and the 

midtarsal joint. The subtalar joint sits between the talus and calcaneus and allows foot 

pronation and supination during walking. During the stance phase, the foot is pronated to 

allow the foot to accommodate gradually to the ground. The midtarsal joint between the 

hindfoot and forefoot also contributes to shock absorption when the forefoot is in contact 

with the ground. The midtarsal joint consists of talonavicular and calcanealcuboid joints 

and can be divided into longitudinal and transverse axes. In neutral foot position the two 
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axes were positioned in a more stable and oblique manner and as the foot moves into 

pronation the two axes became more parallel which unlocked the midtarsal joint and 

facilitated the shock absorption. Finally, the MTP joint was the toe break and allowed the 

foot to roll over the metatarsal heads  

The tarsal and metatarsal bones formed two arches: plantar (or longitudinal) arch 

and metatarsal (or transverse) arch. The plantar arch runs from the heel to the metatarsal 

while the metatarsal arch runs across the ball of the foot. The plantar arch can be further 

divided into medial and lateral arches. The arches are fairly flexible and accompanied by 

thick layers of fatty tissues. The arches can served as shock absorption during walking 

and running. Foot types are typically characterized by arch height. Foot type could be 

identified using foot imprint. The normal foot shows an imprint with forefoot, heel and 

their connection by a wide band. The flat foot has a low arch and typically shows 

complete imprint. The high arch foot imprint commonly has narrow band connecting the 

forefoot and hind foot. For persons with flat foot, sufficient arch support is important and 

nowadays the insole typically has a medial arch support portion.  

The ankle or talocrural joint consist of 3 bones: tibia, fibula and talus. The talus 

articulates with the tibial plafond superiorly, the tibia medially, and the fibula laterally. 

Anatomically, the talus is convex in shape and wider anteriorly than posteriorly. This 

unique feature ensures the largest contact between tibiotalar and tibiofibular surfaces 

especially during midstance phase. The calcaneus (i.e. the heel bone) transmits body 

weight from the talus to the ground. Though ankle joint is typically treated as hinge joint, 
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the anatomical axis is placed horizontally and obliquely to the frontal plane. The passive 

ankle joint stability depends on the congruity of its articular surfaces and the integrity of 

the ligaments. For example, the lateral and deltoid ligaments play an important role in 

maintaining stability in the articular motions.  

One of the major functions of foot and ankle is shock absorption and force 

transmission and the normal physiological functions of Achilles tendon and plantar fascia 

are essential in maintaining foot structural integrity during walking. For example, during 

push-off, with the MTP joint in hyperextension, a windlass mechanism, in which the 

plantar fascia served as a truss, is used to stabilize the longitudinal arch and facilitated 

propulsive force transmission (Hicks, 1954).  

Gait 

Normal Gait 

Normal walking can be characterized as a series of consecutive gait cycles: stance 

phase (when foot is in contact of ground) and swing phase (when foot is in the air). The 

gait cycles can be identified via gait events such as heel strike (or initial contact) and toe 

off.  In normal waking, the stance phase accounted for about 60% while the swing phase 

occurs in the remaining 40% of one complete gait cycle. The stance phase can be further 

divided into the following four periods including loading response, mid-stance, terminal 

stance and pre-swing. Swing phase consists of initial swing, mid-swing and terminal 

swing(Perry, 1992) (Figure 1). 
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Figure 1: Phases of gait cycle (Vaughan, Davis, & O'Connor, 1999). 

  During stance phase, legs are alternatively making contact with the ground. At 

loading response (0-10% of the gait cycle), both legs are making contact and this period 

is called initial or first double support. During the midstance (10-30% of the gait cycle) 

and terminal stance (30-50% of the gait cycle) there is only one leg in contact with the 

ground. This condition is also known as single limb support.  During the pre-swing (50-

60% of the gait cycle) both legs are in contact with the ground again which indicate  the 

second double support.  

 At heel strike, the hip is flexed by 25-30 degrees and controlled by the hip 

extensors which balance the flexion moment produced by the ground reaction force. The 

knee flex gradually from full extension to 15 degrees of flexion. The ground reaction 

force is behind the knee joint and the knee flexion is controlled by the quadriceps. The 

ankle is usually within a few degrees of the neutral position for 
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dorsiflexion/plantarflexion at the time of initial contact. After initial contact, the ankle 

plantar-flex about 10 degrees and brings the forefoot down onto the ground.  

 During the midstance, the hip extent to about 15 degrees and is initially controlled 

by the hip extensors to overcome the flexion moment introduced by the ground reaction 

force placed anterior to the hip joint. As the body progress forward the flexion moment 

diminished and is replaced by an extension moment. In the meantime, the action of hip 

extensor is replaced by the activity of hip flexion. The knee is kept close to full extension. 

During the mid-stance the tibia moves forward over the foot and the ankle joint become 

dorsiflexed at around 10 degrees. The ground reaction force is placed anterior to the 

ankle joint and the dorsiflexion is controlled by the plantar flexions.  

 During the pre-swing, the hip continues to extend at the beginning and then start 

to flex to 10 degrees of the hip extension at toe-off. As such, the hip flexors (i.e. iliopsoas) 

control the initial extension and further lead to flexion. The knee joint starts to flex from 

full extension at heel-off. The ground reaction force shift quickly behind the knee and 

cause knee flexion moment which is controlled by quadriceps. Before opposite initial 

contact the ankle angle again changes, a major plantarflexion from 10 degrees of 

dorsiflexion to 20 degrees of plantar flexion occur until just after toe off.  

During the swing phase the hip flex from about 10 degrees of extension to 25-30 

degrees of flexion. This hip flexion is initiated by hip flexion and later on controlled by 

hip extensors which decelerate the whole leg before preparing the next heel strike. The 
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inertial effects induced by leg acceleration lead to knee flexion which is further 

controlled by quadriceps. The inertial effect on the lower leg is reversed when 

approaching the end of swing phase. At this moment, the tendency toward knee extension 

is constrained by knee flexors.  The knee can be flexed up to 60 degrees during the swing 

phase. The ankle move back into dorsiflexion until the forefoot has cleared the ground 

(around feet adjacent). Thereafter, the ankle stay close to the neutral position and is 

maintained until the next initial contact.  

In the frontal plane, the heel is slightly inverted (adducted or varus) at initial 

contact and the forefoot is slightly supinated. The forefoot pronated as it contact the 

ground, then move back into supination as the ankle angle change from plantarflexion to 

dorsiflexion, this supinated attitude being maintained as the heel rise and the ankle 

plantar-flexed prior to toe off. A slight supination is retained throughout the swing phase. 

Plantar Pressure 

 Plantar pressure reflects the interaction between the sole of the foot and footwear 

and is an important outcome measure and clinical marker to identify the potential risk in 

diabetic feet (Bauman, Girling, & Brand, 1963; Bus, Maas, de Lange, Michels, & Levi, 

2005; Cavanagh, Simoneau, & Ulbrecht, 1993; Lavery, Armstrong, & Boulton, 2002).  

Instruments to Measure Plantar Pressure 

 A wide range of pressure mapping systems is available to quantify the plantar 

pressure either in-shoe or barefoot. Major vendors include Novel (Novel electronics Inc. 
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Germany) and Tekscan (Tekscan Inc. USA). Novel has a complete line of products which 

can measure plantar pressure accurately and precisely both in-shoe and barefoot. 

Commonly use instruments include Pedar in-shoe pressure mapping system and EMED 

portable pressure mapping mat. Tekscan provides similar product with lower cost. One of 

its most popularly used in-shoe pressure mapping systems is F-scan. Its reliability and 

validity have been shown in previous studies (Castro et al., 2013; Catalfamo, Moser, 

Ghoussayni, & Ewins, 2008; Han, Paik, & Im, 1999; Rouhani, Favre, Crevoisier, & 

Aminian, 2010). It is widely accepted that the sensor provide scientifically acceptable 

pressure measurement if the sensor is carefully calibrated (Papaioannou et al., 2008; 

Woodburn & Helliwell, 1997). Unlike Pedar, the F-scan sensor can be conveniently 

trimmed to fit the participant’s shoe size. In addition, the cost is only a fraction of the 

Pedar system and the sensor could be reused multiple times. 

Plantar Pressure Mask 

Different instruments use distinct foot masks to divide the complete plantar 

pressure map into anatomical regions. For example, the software by Novel automatically 

dissects the foot into 10 anatomical zones and exports the measures of the corresponding 

areas. F-scan can also automatically overlap a foot mask based on anatomical features. 

However, in some cases the automatically generate foot mask by the software failed to 

capture the appropriate regions due to either abnormal foot pressure patterns or foot 

shape which differ significantly from the template. Therefore, experimenters need to be 

manually and carefully adjust the foot mask based on the pressure map pattern. Its 
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reliability and variability have been recently studied. A study on Novel automatic mask 

software has found that the algorithm is fairly accurate in identifying the ten anatomical 

regions (Ellis et al., 2011). The between-day reliability is studied by Gurney et al. ( 2008) 

and excellent consistency is reported. Deschamps et al. systematically evaluate the inter- 

and intra-observer reliability when using foot mask in plantar pressure measurement 

analysis (Deschamps, Birch, Mc Innes, Desloovere, & Matricali, 2009). Their results, in 

general, show good to high level of reliability. However, the authors pointed out that 

masking over relatively smaller regions tend to lead to poor performance.  

Therapeutic Footwear and Its Biomechanical Effects 

Therapeutic footwear, in general, consists of depth shoe and custom-molded shoe. 

Depth shoe contain a full-length, heel-to-toe filler that, when remove, provide a minimum 

of 3/16 inch of additional depth used to accommodate inserts. Commonly, depth shoe is 

constructed using leather or other suitable material which is softer in the upper. Custom-

molded shoe is commonly prescribed if the patient’s foot has deformity (e.g. hammer toe, 

claw toe and hallux valgus etc.) which cannot be accommodated by a depth shoe 

(Edmonds & Foster, 2008).  

Effects of Therapeutic Footwear on Plantar Pressure 

Though therapeutic shoes have been widely accepted as a protective means by 

diabetic foot specialists to provide cushion and potentially reduce plantar pressure, there 

is only limited scientific evidence to support its efficacy.  One early attempt is made to 

compare the effects of reducing plantar pressure between therapeutic shoes and athletic 
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shoes (Lavery et al., 1997). Plantar pressure under the first and lesser metatarsal revealed 

that athletic shoe with viscoelastic insole provide comparable effects as therapeutic shoes. 

The study, however, has limitations such as relatively small sample size. As pointed out 

by Boulton and Jude (2004), there is an urgent need for larger scale and well-designed 

study.  

 Therapeutic shoes commonly have mild to moderate rocker bottom. Rocker 

bottom profile have been reported to be effective in improving ankle plantar , restricting 

MTP joint in the sagittal plane and reducing plantar pressure under metatarsal head 

(Bowling et al., 2011). Praet and Louwerens (2003) compared three shoe designs and 

found that the rocker bottom profile can reduce the plantar pressure under the heel and 

medial forefoot up to 35-65%. van Schie et al. (2000) further evaluated the rocker height 

and axis location and found that placing the rocker axis around 55-60% of the shoe length 

tended to best reduce the plantar pressure under metatarsal head.   

Effects of Therapeutic Footwear on Gait 

Prior study on effects of therapeutic shoes on gait kinematics and kinetics was 

limited and most of the studies were testing shoes with rocker bottom and/or short sole 

(i.e. partial forefoot relief). Myers et al. did a comprehensive gait study in which forty 

healthy volunteers participated and wore either control shoe or negative heel rocker sole 

shoe (Myers et al., 2006). Results showed that the negative heel rocker shoe impacted the 

ankle joint especially in the sagittal plane and ankle plantarflexion was increased. 

Additionally, more hip extension and knee flexion were seen during mid-stance. The 
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authors concluded that the negative rocker bottom shoe significantly affected the 

kinematics at more proximal joints (i.e. knee and hip). Similarly, Wu et al. (Wu, 

Rosenbaum, & Su, 2004) evaluated the effects of rocker sole on 3D gait kinematics in 

healthy controls and showed that rocker sole significantly reduced the forefoot joint 

motion in the sagittal plane. However, a review article provided different perspective and 

showed that rocker profiles had minimal effects on the kinematics and kinetics of more 

proximal joints (i.e. knee and hip) (Hutchins, Bowker, Geary, & Richards, 2009). The 

Masai Barefoot Technology (MBT) shoes have a rocker sole and have become more and 

more popular. A series of studies had recently evaluated its effects on gait. The MBT 

shoes showed significantly effects on gait kinematics and kinetics such as decreased knee 

extension angle in the early stance phase, a decreased hip extension angle, an increased 

ankle dorsiflexion angle in the late stance phase and reduced joint moment and power in 

the late stance phase (Taniguchi et al., 2012). It appeared that the MBT shoes were 

effective in improving shock absorption and assisting ankle push-off.   
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CHAPTER III 

METHODS 

The study mainly used a two-factor (i.e. FOOTWEAR type and GENDER) 

repeated measures design. The independent variables were the type of FOOTWEAR with 

three levels (Orthofeet® Dress, Orthofeet® Biofit, and Danskin® Now) and GENDER 

(men and women).  This chapter describes the methods used in the study and includes the 

participant recruitment and test procedures and data analysis.  

Participants 

Twenty healthy adult volunteers (twelve men and eight women) with no history of 

foot disorders and pains were recruited from local community close to Texas Woman’s 

University (TWU) Denton campus. The inclusion criteria included: 1) age range (18 to 48 

years old); 2) healthy foot ankle condition; 3) willingness to wear the footwear provided 

before the test; 4) being able to participate the test session at the Biomechanics 

Laboratory at TWU Denton campus; 5) being able to walk comfortably without using any 

walking aides; 6) being able to understand and follow the test instructions. Motion 

analysis was a major component of the study and those who were not comfortable of 

wearing spandex shorts and/or sensitive/allergic to adhesive markers were excluded. 

Table 1 listed detailed participant information. 
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Table 1 

Participant information (mean ± SD) 

 Height(cm) Weight(kg) Shoe size Age (year) 

men 176.2 ± 5.7 73.8±9.2 9.4±1.1 34.1±6.4 

women 164.5 ± 6.8 62.0±9.2 7.9±0.4 31.6±6.1 
 

Instruments 

Motion Analysis System 

The test was conducted in the Motion Analysis Laboratory at the TWU Denton 

campus. The Lab was equipped with a ten-camera VICON system (MX-T10, VICON Inc. 

Oxford, UK) and two AMTI force plates (American Mechanical Technology, Inc., 

Watertown, MA, USA) (Figure 2). The plates were separated by a 30-cm wide wooden 

block. The camera system carefully was calibrated using a standard T-frame with five 

reflective markers. The origin of the global reference frame was set at the far left corner 

of the first plate (Figure 2) and participants walked from plate 1 to plate 2. 
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Figure 2: Motion analysis laboratory setup. 

 

In-shoe Plantar Pressure Mapping System 
 

 A tethered F-scan in-shoe pressure mapping system (Tekscan Inc. MA, USA) was 

used in the study (Figure 3) which consisted of two VersaTek cuffs and one VersaTek 2-

Por Hub. The 3000E sensor was trimmed to fit to the shoe size of the participant. The 

thin (0.18 mm thick) film-like sensor had 954 sensing elements which provided a spatial 

resolution of 3.88sensel/cm2 or 25sensel/in2). The sensor was 30.48 cm (12 in) long and 

10.67 cm (4.2 in) wide (Figure 3). The sensor measurement capability was up to 862 kPa. 

F-scan pressure sensors were carefully attached to the sole using double-sided tapes. The 
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sensors were carefully calibrated following the manufacture’s recommendations. The 

control box connected to the sensors sent a trigger out signal which was connected to the 

VICON signal control panels. The peak pressure and PTIs under selected region of 

interest across multiple steps (Table 1) were exported for further detailed data analysis. 

 

Figure 3: Sensor Model3000E (Tekscan Inc. 2013). 

 

Procedures 

Each participant was provided with three pairs of shoes (Figure 4) including 

Orthofeet® Dress, Orthofeet® Biofit, and Danskin® Now shoes. The Orthofeet® 

footwear was made of soft uppers and therefore no break-in period was provided.  Each 

pair of footwear was worn for a few minutes before the walking test. 
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Orthofeet® Dress Orthofeet® Biofit Danskin® Now 

Figure 4: Footwear tested in the study. 

Before the test, a brief physical examination was performed including measuring 

the body height, weight, and foot size. Participants changed in the preparation room and 

wore black spandex tights and shirts provided for the purposes of motion capture. 

Twenty-one spherical reflective markers (10-mmdiameter) were carefully placed on the 

following anatomical landmarks: three markers on the pelvis including two on the anterior 

superior iliac spines (ASIS) and one on the sacrum; seven markers on each leg including 

the medial and lateral femoral epicondyle, medial and lateral malleolus, greater trochanter, 

lateral thigh and lateral shank; and two markers on each foot including the base of the 

second metatarsal and calcaneus (Figure 5). To ensure consistency marker placement was 

done by one experienced experimenter.  
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Figure 5:  Markers set (three markers on the sacrum and heels didn’t show) 

 

Before the test, participants were asked to stand on the force plate with arms 

crossed in front of chest and a static trial was recorded. Participants were asked to walk 

across the force plates a couple of times for the purpose of practice. Participants walked 

at self-paced speed across the walkway with two force plates embedded. For each shoe 

condition, participants performed the walking trial three times. A 5-min break was given 

between the test sessions. The signals from the cameras and force plates were collected 

by the VICON workstation simultaneously at a sampling rate of 250 Hz.  
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Data Analysis 

Lower Extremity Kinematics and Kinetics 

 
Joint kinematic and kinetic data in the sagittal plane were computed 

usingKwon3D (VISOL, Inc. Korea). Gait events including heel strike and toe-off for both 

sides were used. These events were automatically generated using the vertical ground 

reaction force with a threshold of 10N. A complete gait cycle was identified using the 

consecutive heel strike events. Both kinematic and kinetic data were normalized for each 

gait cycle (i.e. one complete gait cycle corresponded to 100%). All three trials collected 

were used in further analyses. Gait kinetics and kinematics focused on lower extremity in 

sagittal plane including ankle joint peak dorsi-flexion, peak plantar flexion, range of 

motion, 1st and 2nd peaks of knee flexion, 1st peak flexion and peak extension of hip joint 

(Figure6). The peak ankle, knee, and hip joint torques in the sagittal plane were 

normalized with respect to the body mass and reported in group average and standard 

deviation. Motion symmetry was assumed between the sides, therefore only kinetics and 

kinematics of the right side were reported. 
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Figure 6: Gait kinematic and kinetic parameters. 

In-shoe Plantar Pressure 

 
The plantar pressure data were synchronized with the motion analysis data via the 

trigger port. The F-scan pressure data were mainly analyzed in the Tekscan research 

software. In total, there were eleven zones including eight anatomical zones (Figure 7) 

and three combined zones (forefoot, mid-foot and high foot). Within each region of 

interest, peak pressure and PTIs were obtained (i.e. calculating the area under the 

pressure-time curve of each individual stance phase). For each trial, the peak pressure and 

PTIs for the selected zones were averaged over multiple steps while eliminating the first 

and last steps. The peak pressure and PTIs were further calibrated with respect to the 
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ground reaction force in the vertical direction. Then three good trials were selected for 

further data analysis and statistics.  

 

Figure 7: Plantar pressure mask. 

Statistics 

A two-way (FOOTWEAR*GENDER) repeated measures MANOVA was 

conducted for each of the following categories: gait temporospatial characteristics, lower 

extremity kinematics in sagittal plane, lower extremity kinetics in sagittal plane, and in-

shoe plantar pressure including both peak pressure and PTIs. The independent variables 

were FOOTWEAR with three levels (Orthofeet® Dress, Orthofeet® Biofit, and 

Danskin® Now) and GENDER (men and women). The dependent variables included gait 

temporospatial characteristics (i.e. stance time, swing time, step time, speed, stride length 

and double-limb support time), lower extremity kinematics in sagittal plane (i.e. peak 

ankle dorsi-flexion, peak ankle plantar flexion, ankle range of motion, two peaks of knee 
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flexion, and the 1st peak hip flexion and peak hip extension), lower extremity kinetics in 

the sagittal plane (i.e. peak ankle plantar flexor torques, peak flexor and extensor torques 

of both knee and hip joints in the sagittal plane) and in-shoe plantar pressure (peak 

pressure and PTIs of zones 1, 3 and 9, corresponding to big toe, medial forefoot [i.e. first 

metatarsal head], and medial hindfoot, respectively). Statistical significance level was set 

at α = 0.05 and adjustments were made if a violation of sphericity was found (Hyunh-

Feldt adjustment if the sphericity estimate >0.75, Greehouse-Geisser otherwise). Tukey’s 

honest square difference (HSD) post-hoc comparison was conducted if MANOVAs 

showed significant FOOTWEAR effects.    
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CHAPTER IV 

RESULTS 

This chapter includes the following sections: gait temporospatial characteristics, 

gait kinetics and kinematics, and foot plantar pressures. 

Gait Temporospatial Characteristics 

No significant FOOTWEAR effect, GENDER effect, and FOOTWEAR * 

GENDER interaction was observed for the temporospatial parameters (p > 0.050) (Table 

2). 

Table 2 

Temporospatial characteristics (mean ± SD) 

Temporospatial characteristics Orthofeet® Biofit Orthofeet® Dress Danskin® Now 

Speed (m/s) 1.26 ± 0.13 1.23 ± 0.13 1.28 ± 0.15 

Stride length (m) 1.39 ± 0.13 1.37 ± 0.17 1.38 ± 0.20 

Double-limb support time (s) 0.28 ± 0.09 0.28 ± 0.07 0.25 ± 0.07 

Stance time (s) 0.69 ± 0.08 0.71 ± 0.07 0.71 ± 0.06 

Swing time (s) 0.42 ± 0.04 0.43 ± 0.03 0.44 ± 0.03 

Step time (s) 0.56 ± 0.03 0.57 ± 0.03 0.57 ± 0.03 
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Gait Kinematics 

The two-way repeated measures MANOVA showed a significant FOOTWEAR 

effect (p = 0.013). However, GENDER was not a significant factor (p = 0.062) and the 

FOOTWEAR * GENDER interaction was not significant, either (p>0.050) (Table 3).  

Post-hoc test showed significant differences between footwear in the ankle joint 

kinematics when both genders were combined. Both Orthofoot® Biofitand Orthofoot® 

Dress demonstrated significantly increased peak ankle dorsi-flexion (p = 0.001 for both 

pair wise comparisons) and significantly decreased peak ankle plantar flexion (p < 0.001 

and p = 0.012 respectively) compared to the Danskin® Now footwear. Additionally, 

Orthofoot® Biofit had significantly less peak ankle plantar flexion (p = 0.023) and ankle 

range of motion than Orthofoot® Dress (p = 0.015).For knee joint kinematics, the only 

significant pair wise comparison was found between Orthofoot® Biofit and Orthofoot® 

Dress (p = 0.035).  
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Table3  

Joint Kinematic Data (mean ± SD; in deg) 

Note: for post-hoc comparisons operators > and < were used to show the relationship between pairs; − indicated no significant 
difference. 

Joint Variable 
Orthofoot®Biofit (B) Orthofoot® Dress (D) Danskin® Now (N) 

Post-hoc 
Men Women Men Women Men Women 

Ankle 

Dorsi-flexion 12.7 ± 2.2 11.4 ± 3.1 12.7 ± 3.5 12.0 ± 2.4 10.3 ± 3.3 9.7 ± 2.1 B/D > N 

Plantar flexion 16.1 ± 2.4 17.6 ± 3.0 18.6 ± 2.8 15.4 ± 5.6 17.5 ± 4.6 19.8 ± 4.8 B < D < N 

Range of motion 28.8 ± 2.0 26.3 ± 5.3 29.5± 2.8 27.6 ± 5.4 28.0 ± 2.1 27.5 ± 5.4 B < D 

Knee 
1st peak flexion 18.6 ± 4.8 15.0 ± 2.4 17.5 ± 4.3 13.9 ± 3.5 18.0 ± 5.4 13.3 ± 2.8 − 

2nd peak flexion 64.5 ± 4.5 63.1 ± 1.9 65.2 ± 4.9 65.8 ± 3.4 63.6 ± 4.6 66.7 ± 2.3 B < D 

Hip 
1st peak flexion 29.1 ± 3.3 28.2 ± 4.9 27.6 ± 4.0 29.5 ± 4.8 29.7 ± 3.5 29.2 ± 4.0 − 

Peak extension 14.4 ± 2.7 17.1 ± 3.3 15.1 ± 3.8 16.2 ± 4.7 14.9 ± 2.6 16.0 ± 3.6 − 
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Gait Kinetics 

 
The two-way repeated measures MANOVA showed that there were no significant 

effects of FOOTWEAR (p = 0.120), GENDER (p = 0.773) and interaction between 

FOOTWEAR and GENDER (p = 0.053) (Table 4).  

Table 4 

Peak joint torques in sagittal plane (Nm/kg, mean ± SD) 

Peak joint torques Orthofeet® Biofit Orthofeet® Dress Danskin® Now 

Ankle plantar flexor 1.41 ± 0.26 1.44 ± 0.26 1.38 ± 0.27 

Knee flexor 0.27 ± 0.11 0.23 ± 0.09 0.26 ± 0.07 

Knee extensor 0.61 ± 0.24 0.60 ± 0.23 0.60 ± 0.24 

Hip flexor 0.87 ± 0.22 0.83 ± 0.25 0.83 ± 0.23 

Hip extensor 0.67 ± 0.23 0.64 ± 0.23 0.64 ± 0.26 

Foot Plantar Pressure 

The two-way repeated measures MANOVA showed significant FOOTWEAR 

effect (p = 0.014). The GENDER effect and interaction, however, were insignificant (p > 

0.050). Post-hoc test showed significant differences between footwear in the peak plantar 

pressure when both genders were combined. Both Orthofoot® Biofit and Orthofoot® 

Dress demonstrated significantly increased peak pressure under the big toe (p = 0.043 and 

p = 0.012 respectively) compared to the Danskin® Now footwear. Under the medial 

hindfoot, Orthofoot® Biofit showed significantly lower peak plantar pressured compared 
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to the Danskin® Now footwear (p = 0.005). For PTIs under the medial hindfoot, the pair-

wise comparison between the Orthofeet® Biofit and Danskin® Now showed a 

significance (p = 0.019). 
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Table 5 

Plantar pressure (mean ± SD) 

 Orthofeet® Biofit (B) Orthofeet® Dress (D) Danskin® Now (N) 
Post-hoc 

  Men Women Men Women Men Women 

Pr
es

su
re

 (k
Pa

) Big Toe 307.4 ± 98.5 275.3 ± 161.2 363.8 ± 124.8 342.7 ± 176.2 234.2 ± 82.1 323.9 ± 195.1 B/D > N 

Medial Forefoot 275.4 ± 87.5 217.8 ± 93.5 275.7 ± 76.5 232.8 ± 86.3 267.1 ± 86.0 252.4 ± 74.6 − 

Medial Hindfoot 237.3 ± 94.4 244.6 ± 62.2 250.3 ± 92.5 250.3 ± 34.5 280.4 ± 87.3 306.0 ± 65.9 B < N 

PT
I (

kP
as

) 

Big Toe 32.9 ± 10.2 31.7 ± 15.2 33.7 ± 13.8 43.2 ± 23.8 27.5 ± 11.9 29.6 ± 11.5 − 

Medial Forefoot 34.4 ± 8.6 26.5 ± 9.6 37.6 ± 9.3 28.1 ± 7.6 36.5 ± 7.2 29.6 ± 8.1 − 

Medial Hindfoot 27.0 ± 7.3 30.5 ± 10.0 33.0 ± 11.0 29.7 ± 5.6 35.0 ± 9.9 36.9 ± 9.3 B < N 

Note: for post-hoc comparisons operators > and < were used to show the relationship between pairs; − indicated no significant 
difference. 
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CHAPTER V 

DISCUSSION 

The purpose of this study was to determine whether or not the Orthofeet® 

therapeutic FOOTWEAR provided biomechanical benefits compared to the Danskin® 

Now footwear. Specifically, the study aimed to investigate the effects of the types of 

FOOTWEAR on plantar pressure and lower extremity kinematics and kinetics in a 

healthy population while walking at self-selected speed. There were few studies on 

therapeutic shoes and majority of them had an emphasis on either plantar pressure(Lavery 

et al., 1997) or gait kinematics and kinetics(Taniguchi et al., 2012; Van Bogart et al., 

2005). This was the first study to investigate the biomechanical effects of Orthofeet® 

therapeutic footwear via evaluating both plantar pressure and gait kinematics and kinetics.  

The results showed that the types of FOOTWEAR did not alter gait 

temporospatial characteristics. The self-selected speeds were fairly consistent across 

footwear conditions which allowed a fair comparison between dependent variables. The 

two Orthofeet® therapeutic footwear models showed significant effects on gait kinetics 

and kinematics at the ankle joint level and the effects diminished towards more proximal 

joints (i.e. knee and hip joints). Specifically, Orthofeet® therapeutic footwear showed 

significantly reduced plantar flexion yet increased dorsi-flexion compared to Danskin® 

Now. The participants when wearing Orthofeet® Dress also showed the largest ankle 

range of motion. Previous study on toe-only rocker sole shoe showed significantly 
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increase in ankle dorsiflexion during the loading phase and an increase in ankle plantar 

flexion during the terminal stance (Van Bogart et al., 2005). In addition, negative heel 

rocker sole shoes were reported to increase ankle plantar flexion(Myers et al., 2006). 

Similarly, a more recent study on rocker sole shoe (MBT with both toe and heel rockers) 

showed an increased ankle dorsiflexion (Taniguchi et al., 2012). It appeared that rocker 

sole played an important role in ankle kinematics. However, the Orthofeet® footwear 

used in the current study had only mild rocker sole which was fairly comparable to the 

Danskin® Now. The differential effects of FOOTWEAR on ankle joint kinematics might 

be attributed to in-sole design. The Danskin® Now had relatively flat in-sole pattern 

while the therapeutic footwear had a unique in-sole design (in-sole with inclination 

starting from the midfoot). The graded in-sole set the ankle joint in a slightly plantar 

flexion during standing which allowed more ankle motion into the dorsi-flexion during 

walking.  

The 1st peak knee flexion occurs during the loading phase and plays an important 

role in shock absorption(Perry, 1992). The 2nd peak knee flexion corresponds to the peak 

knee flexion during the mid-swing phase. The types of FOOTWEAR appeared to be a 

significant factor though pair wise comparison failed to reveal any significance for the 1st 

peak knee flexion. The current study showed that there was no effect of FOOTWEAR on 

kinematics at the hip joint. However, a study on toe-only rocker sole shoe (Van Bogart et 

al., 2005) showed an increase in hip extension whereas another study on the MBT 

shoes(Taniguchi et al., 2012) reported a decreased hip extension. Hence, it seemed that 
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proximal joints could be affected by shoes with at least moderate rocker soles. Compared 

to Danskin® Now, the therapeutic footwear showed significantly higher peak ankle 

plantar flexor torques. Previous studies on toe-only rocker sole shoe and the MBT shoes, 

however, showed decreased ankle plantar flexor torques during the terminal stance. 

Decreased ankle plantar flexor torque was attributed to the rocker sole which facilitated 

the forefoot rocker function (Wu et al., 2004). It appeared that the mild rocker sole in 

Orthofeet® footwear did not offer much assistance to the forefoot rocker function. As 

participants were attempting to maintain a similar gait pattern (e.g. speed and stride 

length) they might increase ankle joint torque to compensate the decreased ankle plantar 

flexion. 

The two Orthofeet® therapeutic footwear models significantly altered the plantar 

pressure distribution. Specifically, compared to the Danskin® Now, they significantly 

reduced the peak pressure and PTIs under the medial heel. Previous study on therapeutic 

footwear showed significant reduction in plantar pressure under the metatarsals and big 

toe in a population with neuropathic foot (Lavery et al., 1997).The current study showed 

that Orthofeet® footwear can effectively reduce the plantar pressure under the medial 

heel. However, the plantar pressure under the big toe was significantly higher. 

Mechanically, the in-sole should bear a person’s body weight and given the same contact 

area the plantar pressure remained constant. Hence, a reduction in plantar pressure in one 

area would likely lead to increase in pressure in other areas. The Orthofeet® footwear 

reduced the plantar pressure under the medial heel at a cost of increasing the plantar 
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pressure under the big toe. In the current study, the magnitude of mean peak plantar 

pressure under the big toe was around 366 kPa. This level , however, was still 

significantly lower than the reported threshold pressure leading to ulceration (i.e. 1100 

kPa) (Boulton et al., 1983) and might not necessarily increase the risk of developing 

ulceration. It should be noted that high peak pressure and PTIs under the 1st metatarsal 

and heel areas were culprit of ulceration and the current study showed that the therapeutic 

footwear could likely reduce them and decrease the risk of developing ulceration. There 

was controversy about reporting both plantar pressure and PTIs. A strong 

interdependency in between was recently reported and it was suggested that reporting 

either one be sufficient (Waaijman & Bus, 2012). The current study, however, showed 

that reporting both was necessary and PTIs was more informative because it contained 

information of both peak pressure and time.  

Limitations and Delimitations 

Limitations and delimitations of the study are acknowledged in this section. First, 

participants were not recruited randomly but by the convenience method from the 

available population. Also, the sample size was relatively small. Participants were limited 

to a population aged 18 to 48 years and did not represent the typical population with 

diabetes. Using healthy population instead of diabetic population might influence the 

results considering that the therapeutic footwear was designed to target the patient 

population. Gait analysis was conducted in a laboratory setting which might not represent 

the gait pattern used in the real world.  
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Implications for Further Studies 

The above mentioned limitations and delimitation could be addressed in future 

study. A larger randomized diabetic population would definitely improve the statistical 

power and offer more informative clinical recommendations. Additionally, long-term 

effects would be of interest to consumers, manufactures and clinicians. Besides the gait 

kinetics and kinematics, in-sole plantar pressure, evaluation of the functional 

performance using clinical instruments (e.g. 6-minute walking, the Berg balance scales 

etc.) would be more helpful for clinical practice. 

Conclusion 

The current study extensively investigated the biomechanical effects of two 

Orthofeet® therapeutic footwear and Danskin® Now footwear via evaluating both 

plantar pressure and gait kinematics and kinetics in the sagittal plane. The outcomes of 

the study indicated that Orthofeet® therapeutic footwear had detectable biomechanical 

effects compared to Danskin® Now (i.e. generic footwear)such as redistributing the 

plantar foot pressure, reducing both peak pressure and PTIs especially under the medial 

heel while increasing peak pressure under the big toe. The current study had laid down 

some pilot work for future clinical trials focusing on evaluating long-term effects of the 

Orthofeet® therapeutic footwear. The outcomes of the study might be useful and helpful 

for both clinical practitioners and consumers when selecting therapeutic footwear. 
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Appendix A - Consent Form 

TEXAS WOMAN’S UNIVERSITY 

CONSENT TO PARTICIPATE IN RESEARCH 

 

Title: Biomechanical Effects of Therapeutic Shoes 

Investigator: Qiu Wang                                               qiu1029@gmail.com 

Advisor:Young-Hoo Kwon，PHD (940) 898-2598 ykwon@twu.edu 

 

Explanation and Purpose of the Research 

The purpose of this study is to analyze and compare your gait (walking) pattern when 
wearing normal shoes and therapeutic shoes. The therapeutic shoes used in this study are 
provided by Orthofeet Inc..We will capture your walking trials with a computerized motion 
capture system to assess your gait pattern objectively. The study is primarily for Mrs. Qiu 
Wang to prepare her Master’s thesis.  

Description Procedures 

All testing procedures will take place at the Motion Analysis Laboratory, Pioneer Hall (PH 
124), at the TWU-Denton campus.  You will be asked to wear black spandex tights and 
shirts provided for the purposes of motion capture. A total of 21 small reflective markers 
(diameter < 10 mm) will be placed on specific body landmarks, some over the clothes 
(pelvis and thighs) and some directly on the body (shanks), using double-sided tape: 3 
markers on the pelvis, 7 markers on each leg, 2 markers on each feet (see the attachment). 
You will be provided with a private preparation room to change clothes and get ready. 
Markers will be placed on your body by a same-gender member of the research team.  
Marker positions during the walking motion will be automatically detected by 
computerized optical motion sensors. Information including body height, body weight, age, 
gender and shoe size will be collected before the test. 

Balance posture: 

For each shoe condition, you will be instructed to stand still with the feet separated at the 
same width as the shoulders and one foot on each force plate for 60 seconds. The balance 
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posture test will be repeated three times. During the balance posture test, both the 
kinematic (marker trajectories) and kinetic (ground reaction force) signals will be 
recorded at 100 Hz. In addition, balance master (a clinical instrument) will be used to 
quantify your postural stability. 

Gait analysis 

You will walk at self-paced speed across a walkway consisted of two force plates. For 
each shoe condition, you will repeat the walking trial 10 times. A 5-min break will be 
given between the test sessions. The pressure under each foot will be registered via a 
pressuring mapping sensor and the signals from the cameras and force plates will be 
registered by the VICON workstation.  

Potential Risks 

Loss of Confidentiality: Confidentiality will be protected to the extent that is allowed by 
law.  You will be assigned a unique study ID number.  Only the research team will know 
which data is associated with you. All data collected as part of the testing is solely for 
research purposes.  All data will be stored electronically. Paper records will be stored in 
locked cabinets and offices at the Biomechanics Laboratory at Texas Woman’s University.  
All computers on which electronic information is stored are password protected.  All data 
will be destroyed 2 years following publication of the results.  Paper records will be 
shredded and electronic records will be erased. 

Coercion: Your participation in this research study is strictly voluntary, and you are free to 
withdraw at any time. 

Embarrassment: Only research team members will be present during testing.  Other 
participants and outside visitors will not be allowed to view the testing session, except for 
with your permission.  You will be required to wear spandex shorts and shirts but every 
caution will be exercised to minimize embarrassment. Markers will be placed by a same-
gender research team member.  The researchers will try to prevent any embarrassment 
issues that may occur prior to incident. You will be advised to let the researchers know at 
once if there is a problem or if you are uncomfortable. Each practitioner will be instructed 
to assist you in meeting your needs. 

Skin irritation: The markers used during testing will be placed on your body using 
double-sided tape.  When the markers are removed, there may be slight pulling of the 
skin or hair, which may feel similar to the removal of a Bandage.  If you have skin 
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sensitivity to adhesives, please let the research team members know now, as this may 
exclude you from the study. 

Risk of Injury: The potential for injury is no greater than that encountered during regular 
daily activities. However, every effort will be taken to minimize these risks by providing 
you with proper instructions throughout the testing procedure.  Spotters will be positioned 
nearby you during the gait trials.  Rest periods will be offered and provided throughout the 
testing session. In addition, you will be informed that you are free to end testing at any time, 
should you feel uncomfortable at any point during the testing. 

Participation and Benefits 

The direct benefit to you is that you will gain knowledge of the research process through 
your participation in this study. There is no benefit to you in terms of health related 
information.  There is no monetary award for your participation in this study.  If you are 
interested, you will be provided an opportunity to view your computerized gait trials 
captured for an objective observation of your gait pattern. You will receive three pairs of 
shoes provided by Othofeet Inc. and keep them after the study. Outcomes will contribute to 
the knowledge of the therapeutic footwear and benefit diabetic population. Specifically, the 
results will help diabetics and health professions to make decision when selecting across 
various therapeutic footwear. Your study report will be available in both hard copy and 
electronic format upon your request cost test and data analysis.  Final results will be 
presented in scientific meeting and published in peer review paper. The results might be 
delivered either via mail or email upon request. 

Questions Regarding the Study 

 

You will be given a copy of this signed and dated consent form to keep. If you have any 
questions about the research study you should ask the researchers; their phone number and 
email address are at the top of this form. If you have questions about your rights as a 
participant in this research or the way this study has been conducted, you may contact the 
Texas Woman’s University Office of Research and Sponsored Programs at 940-898-3378 
or via e-mail at IRB@twu.edu. 
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_______________________________________  ___________________ 

Signature of Participant     Date 

 

 

 

 

 

*If you would like to know the results of this study tell us where you want them to 
be sent: 
 
Email: __________________________ 
or 
Address: 
 
___________________________________ 
 
___________________________________ 
 
___________________________________ 
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