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 Lateral heel wedge orthotics are designed to reduce medial tibiofemoral 

joint loading and pain in patients with knee osteoarthritis (OA). To date, the 

efficacy of long-term lateral heel wedge orthotics use among OA patients has not 

been determined.  This study evaluated the extent to which lateral heel wedge 

orthotics reduced medial knee joint loading during walking and stair descent in 

knee OA patients. A secondary purpose was to measure the effects of lateral heel 

wedge orthotics on selected health-related quality of life parameters. A cohort of 

36 men and women with moderate to severe medial knee OA were assigned to 

either an Orthotics group (mean age, 60.8 ± 9.8 yrs; mean BMI, 28.1 ±3.71) or 

Control group (mean age, 61.0 ± 9.2 yrs; mean BMI, 28.0 ± 4.3). The Orthotics 

group wore a pair of custom-made 7° lateral heel wedges daily for 12 weeks.  The 

Control group wore a pair of neutral inserts for 12 weeks.  Pain and functional 

  



 

levels were assessed using a 100-mm visual analog pain scale and the Western 

Ontario and McMaster Universities Osteoarthritis Index (WOMAC™). Three-

dimensional kinematic and kinetic data during level walking and stair descent were 

collected using a nine-camera motion analysis system synchronized with two 

strain gauge force plates.  Subjects performed 5 walking trials and 5 stair descent 

trials at 3 different speeds, e.g., self-selected pace, slower, and faster.  

Biomechanical and health-related quality of life data were collected from subjects 

at baseline, 6 weeks and 12 weeks. Using inverse dynamics equations, lower 

extremity joint moments and angles were calculated. Eleven dependent variables 

were analyzed with univariate Group (2) x Time (3) between/within ANOVAs.  A 

weighted Bonferroni adjustment was used to protect against Type I error. During 

level walking trials, the early stance peak external knee adduction moment 

decreased 14.6% in the Orthotics group from Week 1 to Week 12 (p < 0.05). The 

WOMAC™ pain and activities of daily living subscale scores decreased in both 

the Orthotics and Control groups throughout the study (p< 0.05). During stair 

descent, the peak knee adduction moment was not different between Groups or 

Time during stair descent trials (p > 0.05). However, at Week 12 subjects in the 

Orthotics group had an average 47% reduction in self-reported pain levels during 

stair descent compared with their pain scores at entry into the study (p = 0.038).  

These findings suggest that lateral heel wedge orthotics can effectively lower 

medial knee joint loading for OA patients during level walking, while also 

reducing pain during the difficult task of descending stairs.  
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INTRODUCTION: 
 
 

According to the Centers for Disease Control and Prevention (CDC), arthritis 

is currently the leading cause of disability in the United States, afflicting nearly 70 

million adults at a cost of approximately $125 billion annually (7). Osteoarthritis 

(OA), one of the most common types of arthritis, affects an estimated 21 million 

Americans and is responsible for more than 7 million physician visits per year (23, 

29).  

While the precise etiology of knee OA is unknown, it is commonly accepted 

that heightened joint stress will accelerate disease progression. Results from the 1997 

Framingham study suggested that a high level of physical activity was a significant 

risk factor for the development of knee OA (14). Amin et al. (2) found that during 

level walking, individuals with higher medial knee joint loads were at a significantly 

greater risk of developing medial knee OA. Clearly, heightened physical activity 

levels can increase the cumulative loading on the tibiofemoral joint, putting 

individuals at risk of further damage to the joint.  

Although the surgical procedures for total knee arthroplasty have improved 

dramatically in recent years, patients often suffer significant pain and disability for 

years prior to developing symptoms severe enough to require joint replacement 

surgery.  In fact, many arthritis patients never develop symptoms advanced enough 

to require surgery; thus, nonoperative treatments are essential to improving quality of 

life (7). Because high magnitude repetitive joint loads are known to cause 

progression of knee OA symptoms, many nonoperative treatments are designed to 



 

 

3
redistribute these loads (15). However, to date, no knee OA treatment approach has 

been shown to be effective over time or with stairs and functional measures. To be 

optimally effective, a knee OA intervention must modify pathological joint 

mechanics in order to improve long-term functional performance.    

Altered Gait Associated With Knee Osteoarthritis 

Biomechanical analyses of gait in subjects without knee OA indicate that 

medial compartment joint forces are significantly greater than lateral compartment 

joint forces (34, 43). In patients with knee OA, medial tibiofemoral joint forces are 

of even higher magnitude than those of healthy controls (6,16). The increased medial 

tibiofemoral joint loading is the result of an external knee adduction joint moment 

present throughout the majority of the stance phase of gait. This increased loading on 

the medial aspect of the tibiofemoral joint helps to explain why OA affects the 

medial compartment nearly 10 times more often than the lateral compartment (13). 

Direct measurements of internal knee joint forces are difficult to obtain; therefore, 

gait analysis studies use an inverse dynamics approach to estimate joint loading 

during dynamic activities.  Through biomechanical joint modeling, several 

investigators have validated the knee adduction moment as a reliable estimate of 

medial tibiofemoral joint loading (18, 43).  

Several studies have investigated differences in gait between subjects with 

knee OA and height-and weight-matched controls (5,23,32,43,50).  On average, OA 

patients tend to ambulate with a slower velocity and increased cadence (23, 32).  

Researchers have also reported minor differences in joint range of motion depending 
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on the severity of the disease (32). More importantly, results of gait analysis studies 

of patients with medial knee compartment OA suggest that peak external knee 

adduction moments are significantly greater than those of subjects without knee OA 

(5,18,50) .  During level walking, there is an external knee adduction joint moment 

throughout the stance phase of gait with two clearly defined peaks (5).  In subjects 

with knee OA, significantly higher joint moments are found at both peaks, 

suggesting an increase in the magnitude of the medial joint loads.  

 Several authors have suggested that some patients with knee OA utilize 

compensatory strategies to reduce pain during ambulation (18, 23). Hurwitz et al. 

(18) observed that when pain level was reduced in patients with medial knee OA, 

peak external knee adduction joint moments significantly increased.  These 

adaptations are problematic because interventions that only treat the symptoms of 

OA pain without improving the altered kinetics and kinematics may result in a 

further progression of the disease.  Therefore, studies investigating tibiofemoral joint 

kinetics need to account for functional differences secondary to changes in pain 

level.  

Stair climbing is an activity of daily living that increases loading on the 

tibiofemoral joint (4) and frequently causes pain in knee OA patients (17).  In 

particular, tibiofemoral joint loads are significantly higher during stair descent than 

during normal walking (4).  In fact, one of the first symptoms OA patients often 

report is pain during the use of stairs.   
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Benefits of Orthoses 

 The primary goal of a nonsurgical intervention is to change the 

biomechanical functioning of the tibiofemoral joint. Orthotics (26,31,53) have been 

designed to move the mechanical axis of the knee medially thus “unloading” the 

medial side of the joint. Lateral wedge orthotics are relatively inexpensive 

(approximately $150-200 per pair), discrete, and have been effective in reducing 

peak external knee adduction joint moments (22,26) (Figure 1) in laboratory-based, 

single-day experimental designs, as well as in decreasing pain in longitudinal 

protocols (24,41,42). 
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Figure 1.1 Example of reduction in peak knee adduction moments 
through the use of a lateral wedge orthotic.   

 

 

Maillefert et al. (30) followed a large group of medial knee OA patients 

treated with a laterally elevated wedge for 6 months. They reported no significant 
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differences in functional outcome measures (WOMAC™ scores) between the 

treatment group and a control group.  However, they observed a significant decrease 

in nonsteroidal anti-inflammatory drug (NSAID) consumption in the Orthotics group 

suggesting a general decrease in pain.   

Several researchers have attempted to quantify the kinematic and kinetic 

changes associated with a lateral heel wedge intervention in knee OA patients 

(22,26,31).  Using static radiographic analysis, studies have demonstrated that lateral 

heel wedges alter the upright position of the mechanical tibiofemoral axis and 

decrease the lateral thrust at the knee (53).  Using a single day, repeated-measures 

design, Kerrigan et al. (26) found that 5° and 10° lateral heel wedges both reduced 

the knee adduction moment, 6% and 8%, respectively, during dynamic gait in 

patients with medial knee OA.  These authors reported that the 10° wedge was 

uncomfortable for patients and recommended that the 5° wedge be used for 

treatment.   More recently, Maly et al. (31) found no significant differences in the 

knee adduction moment using a 5° lateral wedge for treatment of medial knee OA 

symptoms.  However, the study had a small sample size (N = 9) and compared the 

peak knee adduction moment over the entire gait cycle rather than distinguishing 

between the different phases of gait.  To date, the effects of long-term use of 

orthotics on medial tibiofemoral joint loading in knee OA patients have not been 

evaluated.  
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Rationale 

Due to the abnormal and/or excessive loading of the joint, OA in the medial 

compartment of the tibiofemoral joint afflicts millions of people, thereby limiting 

their ability to be as physically active as they desire and ultimately leading to a 

decline in health-related quality of life.  Total joint replacement and arthrodesis are 

perceived as final options; thus, the identification of successful nonsurgical 

interventions for OA is of particular importance.  In our review of the English 

language literature (1960 through 2006), we found no study that examined multiple- 

week orthotics use in patients with medial knee OA during common daily activities 

such as walking and stair descent.   

This study investigated the efficacy of a lateral wedge orthotics treatment in 

patients with medial knee OA over a 12-week period. Biomechanical and health-

related quality of life data were collected on three occasions over the 12-week study 

period: Week 1 (baseline), Week 6 and Week 12.  The research investigation was 

supported by an American College of Sports Medicine (ACSM) Doctoral Research 

grant as well as an International Society of Biomechanics Doctoral Dissertation 

grant. 

 The findings are presented in manuscript format. Chapter 2, entitled 

“Efficacy of Lateral Wedge Orthotics during Level Walking in Patients with Knee 

Osteoarthritis”, includes the biomechanical level walking data in conjunction with 

the functional outcome and pain findings. Chapter 3 is entitled “Effects of Lateral 

Wedge Orthotics on Lower Extremity Joint Kinematics and Kinetics during Stair 

Descent in Patients with Medial Knee Osteoarthritis”, and focuses on the 
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biomechanical stair descent data.  In accordance with the requirements of the 

ACSM Doctoral Dissertation grant contract, an abstract from Chapter 2 will be 

submitted for presentation at the 2007 ACSM national meeting, to be followed by a 

manuscript submitted for publication in Medicine and Science in Sports and 

Exercise. An abstract of the findings from Chapter 3 will be submitted for 

presentation at the 2007 31st Annual Meeting of the American Society of 

Biomechanics, with subsequent submission of the manuscript to Clinical 

Biomechanics for publication.  
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ABSTRACT 

 
Purpose: Lateral wedge orthotics are designed to reduce medial tibiofemoral joint 

loading and pain in patients with knee osteoarthritis. This study tested whether a 

lateral wedge orthotics treatment intervention for knee OA patients could effectively 

lower knee adduction moments (KAM) and improve pain and function over a 12-

week period. Methods: A cohort of 36 women and men with medial knee OA were 

assigned to either the Orthotics group (7° lateral wedges) (mean age=60.8 ± 9.8 yrs; 

BMI=28.1 ± 3.7) or Control group (placebo neutral inserts) (mean age=61.0 ± 9.2 

yrs; BMI=28.0 ± 4.3). Pain and functional levels were assessed with a 100-mm 

visual analog pain scale and the WOMAC Osteoarthritis Index™.  Three-

dimensional kinematic and kinetic data during level walking were collected using a 

nine-camera motion analysis system and two strain gauge force plates.  Data were 

collected at baseline, 6 weeks and 12 weeks. Knee joint moments and angles were 

calculated using standard inverse dynamic techniques. Eleven dependent variables 

were analyzed with univariate Group (2) x Time (3) between/ within ANOVA. 

Results: The peak KAM decreased 14.6% in the Orthotics group from Week 1 to 

Week 12 (p<0.05). There were no significant differences between groups in the peak 

KAM across all weeks. WOMAC™ Osteoarthritis Index pain and ADL subscores 

decreased significantly in both the Orthotics and Control groups (p < 0.05). Subjects 

in the Orthotics group had a 58% improvement in VAS pain reported during level 

walking (p < 0.05).  Conclusion: These findings suggest that lateral wedge orthotics 
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can effectively lower medial knee joint loading during level walking while also 

improving function and pain over a 12-week period.   



 

 

12
INTRODUCTION 

Arthritis is currently the leading cause of disability in the United States, 

afflicting nearly 70 million adults at a cost of approximately $125 billion annually 

(4,13). Osteoarthritis (OA), one of the most common types of arthritis, affects an 

estimated 21 million Americans and is responsible for more than 7 million physician 

visits per year (18).  

While the precise etiology of knee OA remains unknown, it is commonly 

accepted that heightened joint stress will accelerate disease progression. Recent 

results from the Framingham study suggest that high levels of physical activity were 

a significant risk factor for the development of knee OA (5). Amin et al. (1) found 

that during level walking, individuals with higher medial knee joint loads were at a 

significantly greater risk of developing medial knee OA. Clearly, increased physical 

activity levels can increase the cumulative loading on the tibiofemoral joint, putting 

individuals at risk of further damage to the joint.  

Biomechanical analyses of gait in healthy subjects indicate that medial 

compartment joint forces are significantly greater than lateral compartment joint 

forces (17,24). Several researchers have investigated differences in gait between 

subjects with knee OA and height- and weight-matched controls (2,9,16,24,26).  On 

average, OA patients tend to ambulate with a slower velocity and increased cadence 

(9, 16).  Depending on the severity of the disease, minor differences in joint range of 

motion have also been reported in individuals with knee OA (16). More importantly, 

results of gait analysis studies of patients with medial knee compartment OA suggest 
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that peak external knee adduction moments are significantly greater than those of 

subjects without knee OA (2,7,26).  In subjects with and without medial knee 

osteoarthritis, there are two clearly-defined peak external knee adduction joint 

moments during the stance phase of gait (2,7).  In patients with knee OA, 

significantly higher joint moments are found at both peaks, indicating an increase in 

the magnitude of the medial joint loads.  

Several authors have suggested that patients with knee OA often utilize 

compensatory strategies to reduce pain during ambulation (7,9).  Paradoxically, 

when knee OA patients felt less pain during gait, they walked more and increased the 

magnitude of knee joint loading and had significantly higher peak external knee 

adduction joint moments (7).  Conversely, knee OA patients who were experiencing 

higher levels of pain compensated by reducing the loading magnitude through the 

joint (7).  These adaptations are problematic because interventions that only treat the 

symptoms of knee OA pain without addressing the pathomechanics may result in a 

further progression of the disease.  Therefore, studies investigating tibiofemoral joint 

kinetics must also consider functional differences secondary to changes in pain level.  

Repetitive, high magnitude joint loads are known to cause progression of 

knee OA symptoms (6), and many nonoperative treatments are designed to 

redistribute these loads (3). To be optimally effective, a knee OA intervention must 

modify pathological joint mechanics in order to improve long-term functional 

performance. Therefore, the primary goal of a nonsurgical intervention is to change 

the biomechanical functioning of the tibiofemoral joint. Pedorthotics have been 
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designed to move the mechanical axis of the knee medially thus “unloading” the 

medial side of the joint (12,15).  At a cost of $150 to $200 per pair, lateral wedge 

orthotics are relatively inexpensive, discrete, and have been effective in reducing 

external adduction joint moments in knee OA patients in laboratory-based, single-

day experimental designs (8, 12).  While two longitudinal protocols (10, 23) have 

reported decreased pain levels among knee OA patients who wore lateral heel wedge 

orthotics, there have been no longitudinal studies that have evaluated the ability of 

lateral heel wedge orthotics to reduce the magnitude of loading in the knees of OA 

patients.   

The purpose of this study was to evaluate the ability of lateral wedge 

orthotics to improve selected biomechanical parameters and subjective health-related 

quality of life measures of function and pain in patients with medial compartment 

knee OA at baseline, 6 weeks, and 12 weeks.  We hypothesized that the Orthotics 

group would have significant reductions in peak external knee adduction joint 

moments and significant increases in self-selected pace during overground walking 

versus a matched control group. We also hypothesized that the Orthotics group 

would have significant improvements in functional outcomes and pain scores versus 

matched controls. 

 

MATERIALS AND METHODS 

 Subjects. A total of 39 women and men, age 30 or older, agreed to 

participate in this study.  To be included in the study, participants had to meet the 

following inclusion criteria: (a) physician diagnosis of medial tibiofemoral OA, (b) 



 

 

15
Kellgren-Lawrence scale (17) OA severity equal to or greater than grade II, (c) OA 

of the medial side of the knee joint, as determined by radiographic medial knee joint 

narrowing, (d) mild/moderate pain during ambulation, and (e) pain on more than half 

of the days of the month in one or both knees. 

Individuals were excluded from participation if they: (a) currently used a 

wedge insole or other orthotic on a regular basis, (b) had a history of tibial osteotomy 

surgery or total knee replacement, (c) had a significant peripheral or central nervous 

system disease, (d) had concurrent clinically-active arthritis of the hip or ankle, or (e) 

required an assistive device to ambulate, i.e., cane or walker.  Subjects were allowed 

to continue all medications and other treatments as prescribed by their physicians, 

including over-the-counter or prescription nonsteroidal anti-inflammatory drugs 

(NSAIDs).   

Three subjects withdrew from the study after receiving their orthotics and 

participating in the baseline data collection session; their data were not included in 

the final analysis. Two of the three subjects who withdrew did not return for testing 

because of the distance between their homes and our laboratory.  The third subject 

withdrew because she scheduled a total knee arthroplasty on the recommendation of 

her physician.   

Prior to participation, all subjects read and sign an informed consent form 

approved by the Institutional Review Board at Oregon State University. During this 

initial meeting, the subject’s height and weight were recorded in order to calculate 

BMI. Subjects who qualified to participate in the study were assigned to either an 
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Orthotics or Control group. Subjects were matched according to: (a) sex, (b) 

Kellgren-Lawrence OA disease severity grade, (c) age (± 5 years) and (d) BMI (± 3).  

Entry into the study required that patients have had weight-bearing knee radiographs 

taken within one year previous to the date of enrollment. Each subject’s personal 

orthopedic physician read the radiographs and assigned the appropriate grade using 

the Kellgren-Lawrence OA severity scale (17).  

 Using a CAD/CAM orthotics manufacturing device, a certified pedorthotist 

placed each subject's foot in subtalar neutral and digitally scanned his or her feet in a 

semi-weight bearing position. Using the CAD/CAM software, the pedorthotist 

created a pair of semi-rigid custom 7° three-quarter length lateral wedge orthotics for 

each subject. The lateral wedge started proximal to the metatarsal heads 

and extended posteriorly to the heel. The molded foot orthoses were manufactured 

using a medium 62-durometer density ethyl vinyl acetate shell covered with a 2-mm 

blown polyvinyl chloride foam. To increase the effectiveness of the design, the 

wedging material was constructed with 80-durometer rating ethyl vinyl acetate foam 

(Amfit, Inc, Vancouver, WA).  

The Orthotics group was given a pair of lateral wedge orthotics to be worn 

daily inside both shoes during all activities throughout the 12-week study period.  

The Control group received a pair of neutral shoe inserts to be worn daily. The 

neutral insert was an off-the-shelf, low 52-durometer ethyl vinyl acetate shell. In 

order to achieve a similar appearance to the custom molded orthoses, the placebo 

neutral insert was covered with the same 2-mm blown polyvinyl chloride foam. At 
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the conclusion of the study, subjects in the Control group were informed that they 

had been in the placebo group and were provided with a pair of 7° lateral wedge 

custom molded orthotics created from measurements taken at the outset of the study.  

All participants received their orthotics and/or neutral inserts approximately 

one week after being measured. Subjects were instructed to wear the orthotics or 

neutral insert as often as possible. At the beginning of the study, subjects were issued 

a journal to document the hours per day of orthotics/neutral insert use, and record 

their daily dosages of knee OA medications.  

  Design and Procedures. Kinematic and kinetic data during gait were 

collected at entry into the study, upon receipt of orthoses (Week 1), at Week 6, and at 

Week 12. Subjects were given tight fitting athletic shorts to wear during gait analysis 

data collection. To minimize the influence of footwear, subjects were given a pair of 

appropriately sized New Balance walking shoes (New Balance, Inc., Canton, MA) to 

wear during each testing session. The walking shoes were modified for data 

collection by cutting two approximately 3 cm-diameter windows into the medial and 

lateral heel to allow reflective markers to be attached directly to the subject’s skin. 

Subjects were instructed to walk for a few minutes with the footwear prior to data 

collection to ensure proper fit and comfort level.  

 The subject’s age, height, and weight were recorded at the beginning of each 

data collection session.  Measures of ankle and knee width were used to calculate 

joint center locations for the inverse dynamics equations. Baseline values for all 

dependent measures were obtained upon the subject’s receipt of his or her orthotics.  
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Subjects completed questionnaires for pain and functional levels using a 100 mm 

visual analog pain scale, and the Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC™) (20). The number of days and hours/day of 

orthotics use and daily use of pain medication were also recorded throughout the 12- 

week study period. 

Each data collection session began with 5 minutes of walking as a warm-up 

activity for the subjects.  Next, twenty-one 1.5 cm passive retro-reflective spherical 

markers were taped bilaterally to the third metatarsal heads, lateral malleolus, medial 

and lateral calcaneus, fibular head, lateral epicondyles, lateral shank, lateral thigh, 

greater trochanter, anterior superior iliac spine,  iliac crests, and sacrum. Since the 

Orthotics group was tested while wearing the neutral inserts and the custom 

orthotics, a permanent marker was used to record the skin position of the medial and 

lateral calcaneus markers.  

Practice trials enabled the subjects to become familiar with the experimental 

protocol and instrumentation.  Subjects walked along an 8-meter walkway at a self-

selected comfortable pace and then at a slower pace (10% slower than the self-

selected pace) and a faster pace (10% faster than the initial self-selected pace) (7). 

Five trials were collected for each speed.  Normal comfortable walking speed kinetic 

and kinematic data were collected in each testing session because functional 

improvements in OA patients are often evidenced by the ability to walk comfortably 

at a quicker pace. To control the effect of velocity on the calculated joint moments, 

subjects were instructed to walk at the same slower and faster speeds at each 
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subsequent testing session as were determined during baseline testing. At Week 1, in 

order to evaluate the short-term effects of the orthotics on gait, subjects in the 

Orthotics group completed walking trials with a pair of neutral inserts and the 

custom 7° lateral heel wedges. The order of testing was randomly assigned through 

the use of random number tables. 

 Methods and Instrumentation. Kinematic and kinetic data for gait analyses 

were collected using a 9-camera motion analysis system  (Oxford Metrics LTD., 

Oxford, England) and two strain gauge force plates (Bertec, Columbus, Ohio).  

Kinematic data were sampled at 120 Hz and stored digitally on a computer.  Ground 

reaction force data were collected at 1080 Hz.   

Kinematic and kinetic data were collected simultaneously and synchronized 

during gait. A walking trial was considered acceptable if the subject’s entire foot 

made contact with the force plate.   

 Motion Analysis Data Acquisition and Reduction.VICON Body-Builder 

software (Oxford Metrics LTD. Oxford, England) was used to quantify knee joint 

kinematics and kinetics. Through this software, the passive reflective markers are 

identified and automatically digitized. The body was modeled as rigid linked 

segments connected about a ball-and-socket joint. The digitized markers were used 

to determine the segment motion about the three-dimensional joint axis. Combining 

the ground reaction force and kinematic data through inverse dynamics equations, 

external three-dimensional joint moments were then calculated by the software. 
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Based upon the results of a residual analysis of the data, raw coordinates were 

smoothed using a 6 Hz recursive 4th order Butterworth filter. 

 The stance phase of gait was identified from initial contact of the foot to toe 

off (as determined from the force plate data).  All joint angle and moments were 

expressed as a percentage of the stance phase of gait to yield a normalized cycle of 

events.  Peak kinematic and kinematic data were averaged across the 5 walking 

trials. Net joint moments of force were expressed as external moments and were 

normalized to each subject’s body weight (N) and height (mm) and expressed as a 

percentage (% BW*HT). Because of the bimodal nature of the external knee 

adduction moment (KAM) curve during the stance phase of gait, the two peaks were 

identified as KAMearly stance and KAMlate stance. 

Statistical Analysis. Six Group (2) x Time (3) between/within ANOVA with 

Time as the repeated factor were used to determine if there were differences in peak 

kinematic and kinematic data during overground walking. Functional outcome and 

pain measures were analyzed with five univariate Group (2) x Time (3) 

between/within ANOVAs with Time as the repeated factor. Paired t-tests were used 

to compare the mean WOMAC and VAS pain scores at baseline between the two 

groups (α < 0.05). 

 Because multiple repeated measures ANOVA were utilized in this analysis, a 

Rosenthal and Rubin (21) weighted Bonferroni correction procedure was used to 

protect against Type I error while maintaining statistical power. Dependent variables 

were ordered a priori,  with the alpha level adjusted to maximize the probability of 
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the highest priority contrasts reaching significance, while maintaining an 

experimentwise alpha level of 0.05.  Table 2.1 contains the prioritized list of 

dependent variables and their corresponding per comparison alpha levels. If main 

effects or interactions reached significance, Scheffe' post hoc tests were utilized 

(α=0.05).   

the highest priority contrasts reaching significance, while maintaining an 

experimentwise alpha level of 0.05.  Table 2.1 contains the prioritized list of 

dependent variables and their corresponding per comparison alpha levels. If main 

effects or interactions reached significance, Scheffe' post hoc tests were utilized 

(α=0.05).   

 In a separate analysis, to investigate the acute within-subject effects of 

orthotics at Week 1, comparisons of KAMearly stance, KAMlate stance, peak knee flexion 

moments, peak knee flexion angles, peak knee extension angles, and peak knee 

adduction angles were made between walking trials with the neutral insert and the 

custom orthotics within the Orthotics group using paired t-tests. The per comparison 

significance level for paired t-tests was adjusted to 0.008 after Bonferroni correction, 

maintaining an α = 0.05 experimentwise error rate (0.05/6 = 0.008).  All statistical 

analyses were performed using SPSS software, version 14.0 (SPSS, Inc., Chicago, 

Illinois) 

 In a separate analysis, to investigate the acute within-subject effects of 

orthotics at Week 1, comparisons of KAMearly stance, KAMlate stance, peak knee flexion 

moments, peak knee flexion angles, peak knee extension angles, and peak knee 

adduction angles were made between walking trials with the neutral insert and the 

custom orthotics within the Orthotics group using paired t-tests. The per comparison 

significance level for paired t-tests was adjusted to 0.008 after Bonferroni correction, 

maintaining an α = 0.05 experimentwise error rate (0.05/6 = 0.008).  All statistical 

analyses were performed using SPSS software, version 14.0 (SPSS, Inc., Chicago, 

Illinois) 

Table 2.1 Adjusted alpha of dependent variables (after Rosenthal and Rubin21) 

DEPENDENT VARIABLES WEIGHT ADJ-ALPHA 
KAMearly stance 10 0.010 
WOMAC Pain 3 0.003 
WOMAC ADL 3 0.003 
KAMlate stance 1 0.001 
Knee flexion moment 1 0.001 
VAS pain during walking 1 0.001 
Knee flexion angle 1 0.001 
Knee extension angle 1 0.001 
Knee adduction angle 1 0.001 
WOMAC Stiffness 1 0.001 
Walking velocity 1 0.001 
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RESULTS   

Subject Demographics.  At the outset of the study, there were no significant 

differences in age, Kellgren-Lawrence scale rating, or BMI between the two groups 

of matched subjects (p > 0.05) (Table 2.3).  With 3 of the 39 subjects withdrawing 

from the study after baseline data collection, there was an equal number of men and 

women in each group who completed the 12-week clinical trial. The Orthotics and 

Control groups wore their orthotics or neutral inserts 10.3 ± 3.2 hours/day and 9.1 ± 

2.3 hours/day, respectively (p > 0.05). There were no significant differences in 

comfortable walking speed across the 12 weeks (p > 0.05). The speed most similar to 

each matched subject’s normal pace was used for data analysis (± 0.1 m/s). Walking 

speeds used in data analysis averaged 1.14 ± 0.05 m/s (orthotics) and 1.15 ± 0.04 m/s 

(neutral insert) across all data collection sessions (p > 0.05) (Table 2.2).  

 

Table 2.2 Average walking velocity across each week (mean ± SD)  

Week Control (m/s) Orthotic (m/s) 
1 1.14±0.05 1.15±0.06 
6 1.14±0.03 1.13±0.05 
12 1.16±0.04 1.14±0.04 

 There were no significant differences in walking velocity 
between weeks or groups (p<0.05).  

 In both groups, the use and dosage of prescription medications remained 

constant throughout the study. Changes in the frequency of over-the-counter 

medication use were limited to less than two instances per week for all subjects.  All 

subject demographic data are summarized and presented in Table 2.3. 
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Table 2.3. Subject demographics (mean ± SD) 

 

 

 Results of Kinetic Data Analyses.  No significant differences were observed 

in baseline kinetic measures of subjects in the Orthotics group when walking with 

the lateral wedge orthotic versus the neutral insert at Week 1 (p>0.008).  

 Between-groups comparisons indicated that the peak external knee adduction 

moment during early stance phase (KAMearly stance ) was significantly lower in both 

groups at the end of the 12-week clinical trial than at the beginning of the study (p = 

0.0048) (Figure 2.1).   The presence of a significant Group x Time interaction 

mediated the interpretation of this finding (p<0.01).  While the KAMearly stance 

decreased in both groups from Week 1 to Week 12, the Orthotics group’s     

KAMearly stance  was reduced 14.6% , from 4.1 ± 0.5% BW*HT at Week 1 to 3.5 ± 

0.4% BW*HT at Week 12, (Scheffe', p =0.0016), compared to a 5.3% decrease in 

the Control group, from 3.8 ± 0.6% BW*HT at Week 1 to 3.6 ± 0.5% BW*HT at 

Week 12 (Scheffe', p> 0.05). 

With regard to peak external knee adduction moments during late stance 

phase (KAMlate stance ), there were no differences in means between the two groups or 

Group Gender Age (yrs) BMI Kellgren-Lawrence Scale 
(no. of subjects/ score)   

Lateral Wedge 
Orthotic 

10 Men 
8 Women 

60.8 ± 9.8 28.7 ± 3.7 II = 1 patient  
III = 12 patents 
IV=  5 patients 

Neutral Insert 10 Men 
8 Women 

61.0 ± 9.2 27.9 ± 4.2 II = 1 patient  
III = 12 patients 
IV =  5 patients 

There were no differences between groups in age or BMI (p>0.05) 
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across the 12 week duration of the study.  The Orthotics group KAMlate stance was 3.1 

± 0.5% BW*HT at Week 1 and 3.2 ± 0.6% BW*HT at Week 12.  Similarly, Control 

group KAMlate stance was 3.0 ± 0.9 % BW*HT when measured at Week 1 and 2.9 ± 

0.8% BW*HT at the conclusion of the study (1-ß = 0.175, p > 0.001) (Figure 2.2).  

Peak knee flexion moments were not different from Week 1 (1.8 ± 0.9 % 

BW*HT, Orthotics; 1.9 ± 1.1% BW*HT, Control) to Week 12 (1.6 ± 1.0% BW*HT, 

Orthotics; 1.9 ± 1.1% BW*HT, Control) (1-ß=0.205, p > 0.001). 
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Figure 2.1. Comparison of first peak external knee adduction joint 
moments between the Orthotics group and the Control group at each 
data collection session. Values are mean values (all subjects) ± SD.         
* Significant differences with Orthotics group week 12 (p<0.01). At 
week 12, the Orthotics group had a significantly reduced external knee 
adduction moment compared with the Orthotics group week 1. There 
were no significant between-group differences (Scheffe', p>0.05).      
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Figure 2.2. Comparison of second peak knee adduction moment 
between the Orthotics group and the Control group at each data 
collection session. Values are mean values (all subjects) ± SD.  No 
significant differences were found between groups or weeks. 
(p>0.001). 
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Results of Kinematic Data Analyses. No significant differences were observed 

in baseline kinematic measures for the subjects in the Orthotics group when walking 

with the lateral wedge orthotic versus the neutral insert  at Week 1 (p>0.008). Peak 

knee flexion angles during overground walking were not different between Week 1 

(34.1 ± 8.7°, Orthotics; 35.1 ± 6.3°, Control) and Week 12 (35.6 ± 6.5°, Orthotics; 

34.9 ± 4.5°, Control) (1-ß = 0.065, p > 0.001).  

 There were no significant differences in peak knee extension angles in either 

group between Week 1 (-0.9 ± 2.8°, Orthotics; 2.27 ±3.3°, Control) and Week 12 (-

1.2 ± 3.4°, Orthotics; 0.79 ± 4.4°, Control) (1-ß = 0.199, p > 0.001).  

 

     Health-Related Quality Of Life Questionnaire Results 

 Western Ontario and McMaster Universities Arthritis Index 

(WOMAC™).  The WOMAC questionnaire is divided into three subscales: (a) pain, 
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(b) stiffness, and (c) function.  Because each subscale measures a different 

dimension of an arthritis patient’s health, each was analyzed separately in this study. 

Subjects answered on a 0-4 Likert box scale (i.e. 0 = “no difficulty” and 4 = 

“extremely difficult”) for each question. Therefore, lower scores are indicative of 

improvement. To permit comparisons with other published work (25), we 

normalized the WOMAC Pain (5 questions), Stiffness (2 questions), and Function 

(17 questions) subscales on a 0-100 scale.  

WOMAC™ Pain subscale.  The WOMAC Pain subscale scores were not 

different between the Orthotics group (33.8 ± 12.7) and the Control group (31.1 ± 

12.3) at Week 1 (p > 0.008). Both groups’ scores on the WOMAC Pain scale 

decreased from the beginning to the end of the study (p < 0.003) (Figure 3).  

Between the Week 1 and Week 12 data collections, WOMAC Pain scores decreased 

45% in the Orthotics group (33.8 ± 11.3 to 18.6 ± 7.0) and 24% in the Control group 

(31.1 ± 11.1 to 23.6 ± 9.8) (Scheffe', p< 0.05).  While there was no change in pain 

level in the Orthotics group from Week 1 to Week 6 (Scheffe', p>0.01), they did 

report a significant decrease between Week 6 and Week 12 (25.6 ± 10.0 to 18.6 ± 

7.0) Scheffe', p < 0.05).  

WOMAC™ Activities of Daily Living subscale.  There were no statistical 

differences in WOMAC activities of daily living (WOMAC ADL) subscale scores 

between the Orthotics group (33.8 ± 12.7) and the Control group (31.1 ± 12.3) at 

entry into the study. (p > 0.008)    
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Figure 2.3. Comparison  of WOMAC Pain subscale between 
groups across all time points. Values are mean values (all subjects) 
± SD.  * Significant difference between baseline and week 12. 
**Significant difference within group. The Orthotics and Control 
groups both decreased significantly from Week 1 to Week 12 
(p<0.003). The Orthotics group had a significant reduction in pain 
from Week 6 to Week 12 (Scheffe', p<0.05).  
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WOMAC ADL scores followed a similar pattern to the WOMAC Pain scores 

with significant improvement in both groups from the beginning to the end of the 

study (p<0.001). An analysis of simple main effects indicated that WOMAC ADL 

subscale scores improved in both groups between Week 1(31.9 ± 13.3, Orthotics; 

Control, 32.5 ± 15.1) and 12 (20.4 ± 7.0, Orthotics; 22.79 ± 9.8, Control)  (Scheffe', 

p < 0.05) and between Week 1 and Week 6 (24.9 ± 10.9, Orthotics; 22.9 ± 14.0, 

Control) (Scheffe', p < 0.05).  

WOMAC™ Stiffness subscale. WOMAC Stiffness subscale data did not 

differ between groups or across the three time intervals in the study (1-ß=0.155, p > 

0.001). Subjects in both groups reported a moderate amount of stiffness at Week 1 
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(36.8 ± 17.4, Orthotics; 36.1 ± 16.3, Control) that did not change significantly 

through Week 12 (35.3 ± 15.8, Orthotic; 34.7 ± 14.8, Control) (p > 0.001) 

 Visual Analog Pain Scale (VAS).  There was no difference observed in 100-

mm VAS pain scores at the outset of the study between the Orthotics and Control 

groups (p > 0.008). In the analysis of the VAS question that asked subjects to 

indicate their level of pain while walking (VASwalking), there was a significant Group 

x Time interaction (p =0.0028). VASwalking decreased 57.8% between Week 1 (27.4 ± 

18.7) and Week 12 (11.5 ± 13.4) in the Orthotics group (Scheffe', p < 0.05) while the 

Control group VASwalking scores were generally unchanged (25.2 ± 18.0 in Week 1; 

28 ± 18.9 in Week 6; 26.6 ± 18.6 in Week 12) (Scheffe', p>0.05).  The Orthotics 

group’s reported VAS pain levels decreased more during the first six weeks (27.4 ± 

18.7 at Week 1 to 15.2 ± 10.4 at Week 6,) than during the final six weeks of the 

study (15.2 ± 10.4 at Week 6 to 11.5 ± 13.4 at Week 12,) (Scheffe', p>0.05)  

 

DISCUSSION 

The purpose of this study was to evaluate the efficacy of lateral wedge 

orthotics as treatment for patients with mild to moderately severe medial 

compartment knee OA, using selected biomechanical and subjective measures of 

function and pain. Our findings supported the hypothesis that OA subjects wearing 

lateral wedge orthotics would have significant reductions in peak external knee 

adduction joint moments.  
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Subjects in the Orthotics group had a 14% decrease in KAMearly stance from 

baseline to Week 12, indicative of a significant reduction in medial knee joint 

loading. While previous studies have shown significant biomechanical differences 

produced by orthotics in single-day experiments (8,12), the current study suggests 

that lateral wedge orthotics were effective in reducing medial compartment knee 

joint loading throughout the 12-week clinical trial.  Reductions in KAMearly stance of 

this magnitude have the potential to slow the rate of joint deterioration in patients 

with medial knee joint OA, as it is commonly accepted that high magnitude joint 

loads contribute to the progression of OA (6).  

The magnitude of the lateral wedge treatment effect observed with the 3 

month duration of our study exceeded the changes reported in previous single day 

repeated-measures designs. Using a single-day repeated-measures design, Kerrigan 

et al. (12) found that 5° and 10° lateral heel wedges both reduced the knee adduction 

moment, 5% and 8%, respectively, during dynamic gait in patients with medial knee 

OA.  More recently, Kakihana et al. (8) utilized a single-day, cross-over design to 

compare the effects of walking with and without lateral wedge orthotics on 

biomechanical parameters in knee OA subjects and healthy age-matched controls. 

They determined that lateral wedge orthotics reduced the knee adduction moments 

by approximately 5% in both groups during level walking trials.  

Our findings suggest that the lateral wedge orthotics did not have immediate 

effects on medial knee joint loading patterns. We did not observe statistically 

significant reductions in peak external knee adduction moments until the third data 
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collection period in our study (Week 12).  While these findings differed from 

previous results (8,12), there was a linear trend in the magnitude of the changes 

throughout the 12 weeks. This gradual, linear improvement could be attributed to a 

period of accomodation, in that as subjects become more comfortable using the 

lateral wedge orthotics, they place greater loads on the lateral side of the foot, thus 

moving the ground reaction force closer to the knee joint center. While these results 

are encouraging, future studies are necessary to determine whether these benefits 

follow a similar trend for periods of longer than 12 weeks. The semi-rigid orthotics 

used in this study were composed of an EVA foam that deforms over time. While 

our orthotics were expected to last for approximately 1 year, it would be interesting 

to determine how long the beneficial effects persist until new pairs of lateral wedge 

orthotics are necessary.   

We were not surprised that the lateral wedge orthotics did not reduce the 

KAMlate stance over the duration of the study, given that this peak occurs during the 

late stance phase of gait, when the foot has moved into dorsiflexion and the heel is 

coming off the ground. So as to be comfortable to the wearer, the 7° wedging of the 

orthotics extended only to the metatarsal heads and thus would not be expected to be 

effective at this stage of the gait cycle.  Fortunately, patients with medial knee OA 

may be less susceptible to heightened joint stresses at this phase as medial joint loads 

are typically lower during the late stance versus early stance phase of gait (2).   

Our findings are also similar to those of Kerrigan et al. (12) who found no 

changes in the second peak knee adduction moment during late stance between 
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walking with and without lateral wedge orthotics. Nester et al. (19) reported that 

orthotics principally affect the rear-foot complex, thus supporting our hypothesis that 

as the heel comes off the ground, lateral wedge orthotics are minimally effective.   

Subjects did not increase their self-selected “comfortable” walking velocity 

during the study. This finding may have been influenced by the physical 

environment of the laboratory where the walking trials were conducted— along an 8 

meter pathway under highly controlled conditions. Although encouraged to walk at a 

self-selected pace, many patients reported that they had difficulty feeling completely 

at ease in the biomechanics laboratory setting, in the presence of the cameras, force 

plates and timing light system. 

The second hypothesis tested in this study was that the Orthotics group would 

have significant improvements in functional outcomes and pain scores versus a 

matched control. The Orthotics group had a 45% decrease in WOMAC Pain and a 

36% improvement in WOMAC ADL from Week 1 to Week 12. These findings were 

further supported by significant improvements in pain during level walking.  Our 

results are similar to previous research reports that have shown reductions in pain 

level with the use of lateral wedge orthotics (22,23). Rubin et al. (22) reported a 

similar linear improvement in VAS scores from baseline to 6 weeks in knee OA 

patients wearing lateral wedge orthotics. These authors reported a much higher 

magnitude of change (67% pain reduction) versus our current finding (42% pain 

reduction), which may be attributed to the higher baseline VAS pain scores, 69.0 ± 

19.0 mm in the Rubin et al. study versus 27.4 ± 18.6 mm in our study.  
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While not significant, the control group subjects had a 3.5% decrease in their 

peak knee adduction suggesting a potential benefit to wearing the off-the-shelf 

neutral insert. This decrease in KAM adduction may have resulted in an unexpected 

improvement in the self-reported pain and functional ability levels within the Control 

group from Week 1 to Week 6.  The lack of significant differences between groups 

in WOMAC Pain subscale scores or VAS pain scores in this and previous studies 

may be attributed to the fact that our Control group was not a true control, since 

subjects wore neutral (non-wedged) placebo insoles with modest shock absorbing 

characteristics that might have relieved some symptoms through impact load 

reduction. Shiba et al. (25) previously reported significant reductions in peak vertical 

ground reaction forces during shod level walking trials with foam inserts. The neutral 

inserts used in this study were an off-the shelf, low 52-durometer ethyl vinyl acetate 

shell that was spongy and easily deformed, thus offering a similar cushioning effect 

for subjects.  

Interestingly, after Week 6, the Control group’s WOMAC Pain and ADL 

scores did not continue to improve.  Because the neutral inserts were extremely 

pliable, they were often fully compressed after 6 weeks of use and therefore, might 

have had limited shock absorbing capability after this time point. An alternate 

explanation could be that subjects improved simply because of the psychological 

effect of being a control. It is commonly accepted that in pain control studies, the 

placebo effect is responsible for a 30% improvement in symptoms (27). Therefore, 
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the 24% improvement in the Control group’s WOMAC Pain during the first 6 Weeks 

of the study could possibly be attributed to the placebo effect.   

 We found only one other study that measured WOMAC ADL and Pain 

scores for patients with knee OA using lateral wedge orthotics as a treatment 

intervention. Maillefert et al. (14) reported no differences in WOMAC ADL and 

Pain subscale scores between groups at 6 weeks. However, their data indicate that 

patients wearing lateral wedge orthotics had significant decreases in NSAID 

consumption, suggestive of decreased levels of pain.    

The observed improvements in self-reported pain level and functional ability, 

coupled with decreased medial knee joint loading, support the use of lateral wedge 

orthotics as an effective treatment for patients with mild to moderate medial knee 

OA.  The improvements in function, pain and joint loading all followed the same 

linear trend, continuing to improve throughout the study. This is an important finding 

since, in order for an OA treatment protocol to be optimally effective, it must alter 

the biomechanical loads to minimize further joint deterioration as well as decrease 

pain and improve function. The generalizability of our findings is limited by the 12-

week duration of our clinical trial.  Future longitudinal studies are necessary to 

evaluate the long-term effectiveness of these treatments.  

Although the lateral wedge orthotics significantly reduced the KAMearly stance, 

it is unknown how these results correlate with the ability to alter the progression of 

knee OA, as measured by radiographic imaging or other objective means. Given that 

knee OA is a slowly progressive, monoarticular disease, our three month intervention 
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period may have been too brief a period of time to observe the full effects of the 

orthotics on the patient’s symptomology.  While our findings are encouraging, 

longitudinal studies of at least one to three years duration are necessary to determine 

whether the orthotics-induced changes to knee joint kinetics observed in the short 

term will result in a decreased rate of joint deterioration, as measured by serial 

imaging studies. The ultimate goal of a nonsurgical knee OA treatment intervention 

is to modify and/or correct the knee joint pathomechanics early on, thereby reducing 

the need for total knee replacements in this population.  

Of similar long-term interest are the improvements in the health-related 

quality of life parameters that can be attributed to lateral wedge orthotics use.  At 

present, there is no cure for OA, and nonpharmaceutical palliative treatments are in 

short supply.  While the lateral heel orthotics used in this study provided subjective 

quality of life benefits to patients over the 12-week duration of the study, it is 

currently unknown how knee OA patients’ pain and functional levels would be 

affected by orthotics use in the long term. 

The majority of the 36 subjects recruited in this study had moderately severe 

knee OA. Our sample size was limited due to difficulties associated with patient 

recruitment and the scope of our funding. A larger sample incorporating a wider 

range of disease severity would be necessary to see if the orthotics treatment is more 

effective for different patient populations.  The results of previous studies (22,23) 

have suggested that lateral wedge orthotic treatment interventions are more effective 

in patient with mild versus moderate knee OA. Sasaki et al. (23) reported significant 



 

 

35
improvement in walking and pain in patients with mild to moderate knee OA, but not 

among patients with radiographic evidence of severe OA.  

In their orthotic intervention study, Rubin et al. (22) reported a significant 

correlation between disease severity and knee OA, where patients with lower 

radiographic disease severity had greater improvement in pain than patients with 

more severe OA. The level of pain reduction in our Orthotics group compares 

favorably with the pain reduction level reported in more severe knee OA patients. 

Rubin et al. (22) reported a 60% reduction in pain among 11 patients classified as 

Grade III-V severity on the Modified Ahlback Knee Osteoarthritis scale, compared 

with a 68% reduction in pain levels among our predominately Grade III Kellgren-

Lawrence scale knee OA patients.  

Finally, while knee joint moments have been used to estimate tibiofemoral 

joint loads, a tibiofemoral joint model of joint stress would be a much better 

representation of joint function.  Future studies should investigate alternative 

biomechanical approaches that include muscle function and joint alignment in the 

analysis.    

 

CONCLUSION 

Osteoarthritis of the medial compartment of the knee is a widespread disease 

that has no cure and creates significant functional limitations for millions of 

individuals.  Total knee arthroplasty is the penultimate treatment for patients with 

severe knee OA, but is not yet a treatment option for patients with mild to moderate 
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knee OA. Recent changes in the availability of prescription NSAIDs that were 

effective in the treatment of the arthritis symptoms has placed a greater importance 

on the development of effective, nonpharmaceutical treatment protocols for knee OA 

patients. Most nonoperative treatments for OA of the knee are merely palliative in 

nature, addressing the patient’s symptoms but not modifying the natural history of 

the disease itself.  The current findings suggest that a lateral heel wedge orthotic 

treatment protocol improved subjective measures of pain and function along with 

reducing medial knee adduction joint loading in medial compartment knee OA 

patients over a 12-week period. While these results are promising, future longitudinal 

studies are necessary to determine if lateral wedge orthotics can affect the rate of OA 

disease progression. 
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Abstract 

Background.  Individuals with knee osteoarthritis (OA) frequently have significant 

pain and difficulty descending stairs. The purpose of this study was to evaluate the 

effectiveness of orthotics to modify selected biomechanical parameters and 

subjective pain levels during a stair descent task in patients with medial knee OA. 

Methods. 36 patients with knee OA were asked to wear either 7° lateral wedge 

orthotics (n=18) or neutral inserts (n=18) for 12 weeks. Three dimensional knee 

kinematic and kinetic data were collected at baseline, Week 6 and Week 12. Self-

reported measures of OA related pain were also obtained at each data collection 

session.    

Findings. Subjects who wore the lateral wedge orthotics had significant reductions in 

pain compared to the matched control group (P<0.05). During stair descent, Control 

group subjects had significantly less knee flexion during the initial contact phase of 

gait (P>0.05). There were no significant differences in peak knee adduction moments 

or peak knee flexion moments between weeks in either group (P>0.05).  

Interpretation. Lateral heel wedge orthotics improved patient symptoms when worn 

for a 12 week period. Peak medial joint loads were not reduced as a result of wearing 

the lateral wedge orthotics during stair descent.  Subjects in the Control group 

utilized different compensatory strategies to descend stairs, contacting the step with 

an extended knee, possibly as a mechanism to decrease recruitment of the 

quadriceps. Future studies should investigate quadriceps activity in conjunction with 

motion analysis during stair descent in patients with knee OA.  
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1. Introduction 

 Medial osteoarthritis of the tibiofemoral joint is an extremely common 

widespread medical problem that produces considerable functional limitations for 

afflicted patients. Repetitive, high magnitude joint loading has been associated with 

the development of knee OA; therefore, OA treatment methods should attempt to 

redistribute these loads (Kerrigan et al., 2002; Pham et al., 2003; Sharma et al., 

2003). While pharmacological interventions and strengthening programs are 

effective at reducing pain, they do not address the underlying problems associated 

with joint mechanics (Brandt, 1998; Buckwalter et al., 2001). To be optimally 

effective, a knee OA intervention program must reduce pain while modifying 

pathological joint mechanics in order to increase and ultimately sustain functional 

ability and quality of life.  

 The use of stairs is one of the most demanding activities of daily living, 

producing tibiofemoral compressive loads of magnitudes up to 6 times body weight 

(Andriacchi et al., 1980; Costigan et al., 2002; Kuster et al., 1997).  In particular, 

stair descent significantly increases loading on the tibiofemoral joint (Andriacchi et 

al., 1980) and frequently causes pain in knee OA patients (Hinmann et al., 2002).  In 

fact, one of the first symptoms OA patients often report is pain during the use of 

stairs. 

Several studies have shown that tibiofemoral joint loads are significantly 

higher during stair descent than during normal walking (Andriacchi et al., 1980; 

Kaufman et al., 2001). Andriacchi et al. (1980) performed a sagittal plane analysis 

and found significantly greater knee flexion moments during stair descent compared 
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to ascent.  In a recent longitudinal knee osteoarthritis study, Amin et al. (2004) 

reported 39% higher baseline knee adduction moments during stair descent in 

patients who developed knee OA 3 to 5 years later.  

Several investigators have observed that subjects with knee OA often reduce 

medial knee joint loads in response to painful symptoms; while, in the absence of 

pain, these medial knee joint loads significantly increase secondary higher peak knee 

adduction and flexion joint moments (Hurwitz et al., 2000; Schnitzer et al., 1993; 

Shrader et al., 2004).  Kaufman et al. (2001) found lower sagittal plane knee joint 

moments in knee OA patients versus healthy controls, and considered these changes 

to be compensation for the pain experienced by patients during stair ascent and 

descent. Few studies have investigated changes in tibiofemoral joint loading during 

stair activities in patients with knee OA, or the alterations in the knee adduction 

moments that occur as the result of OA treatment interventions. 

Given that internal knee joint forces are difficult to measure, biomechanical 

analyses of gait typically employ an inverse dynamics approach to estimate joint 

loading during level walking and stair climbing activities.  Through biomechanical 

joint modeling, studies have validated the external knee adduction moment as an 

accurate estimate of medial tibiofemoral joint loading (Hurwitz et al., 1998; 

Schipplein et al., 1991). 

Nonsurgical treatment interventions such as lateral wedge orthotics have been 

developed for OA patients in effort to decrease painful symptoms while reducing 

medial knee joint loads. Several studies have reported lower medial knee joint 

adduction moments in OA patients using lateral wedge orthotics (Kerrigan et al., 
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2002; Yasuda & Sasaki, 1987).  To date, the effects of long term use of lateral 

wedge orthotics on medial tibiofemoral joint loading in knee OA patients have not 

been evaluated.  In our review of literature, we found no study that investigated the 

effects of a lateral wedge orthotics treatment paradigm on peak knee adduction 

moments during stair descent.  

The purpose of this study was to evaluate the effectiveness of orthotics to 

modify selected biomechanical parameters and subjective pain levels during a stair 

descent task in patients with medial knee OA at baseline, 6-week, and 12-week 

intervals.  We hypothesized that an orthotic treatment intervention would 

significantly lower peak external knee adduction joint moments and increase self-

selected pace during stair descent versus a matched control. We also hypothesized 

that changes in knee adduction moments would be associated with reductions in 

levels of pain experienced by knee OA patients during stair usage.   

 

2. Methods 

 The data used in this analysis were obtained from data collection sessions 

that also included subjects performing level walking trials. The walking trial data 

were analyzed separately and the results are presented elsewhere. (Wallace et al., in 

review) 

 

2.1 Subjects 

A total of 39 women and men, age 30 or older, were recruited to participate 

in this clinical trial through advertisements placed in four metropolitan newspapers 
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and via direct mailings to 198 physicians in Western Oregon.   Physicians who 

agreed to assist with subject recruitment were sent flyers advertising this study to be 

displayed in their medical office waiting rooms. 

  To be included in the study, respondents had to meet the following inclusion 

criteria: (a) physician diagnosis of medial tibiofemoral OA, (b) grade II or greater 

knee OA as determined by the Kellgren-Lawrence scale (Kellgren and Lawrence, 

1957), (c) radiographic evidence of medial knee joint narrowing, (d) mild to 

moderate pain during ambulation, and (e) pain on more than half of the days in the 

month in one or both knees. 

Potential subjects were excluded from participation if they: (a) currently used 

a wedge insole or other orthotic on a regular basis, (b) had a history of tibial 

osteotomy surgery or total knee replacement, (c) had a significant peripheral or 

central nervous system disease, (d) had concurrent clinically-active arthritis of the 

hip or ankle, or (e) required an assistive device to ambulate, i.e., cane or walker.  

Subjects were allowed to continue all medications and other treatments as prescribed 

by their physician, including over-the-counter or prescription NSAIDs.   

Thirty-six subjects completed the 12-week study and were included in the 

analysis (Table 3.1). Three subjects withdrew from the study within five weeks of 

receiving their orthotics; consequently, their baseline data were not included in the 

analysis. Two subjects chose not to return for Week 6 testing because of the 

significant distance between their homes and the biomechanics laboratory. 

Additionally, one subject received advice from their physician to schedule a total 

knee arthroplasty. Prior to participation, all participants read and sign an informed 
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consent form approved by the Institutional Review Board at our institution. 

During this initial meeting, the subject’s height and weight was recorded in order to 

calculate BMI.  

 

Table 3.1. Subject demographic data.   

 
Group 

 
Sex 

Age (yrs) 
(mean + SD) 

BMI 
(mean + SD) 

Kellgren-Lawrence Scale  
(number of patients/ score)  

Lateral 
Wedge 
Orthotic 

10 Men 
8 Women 

60.8  (9.8)  28.07 (3.71) Grade II = 1 patient  
Grade III = 12 patents 
Grade IV =  5 patients 

Neutral 
Insert 

10 Men 
8 Women 

61.0 (9.2) 27.98 (4.28) Grade II = 1 patient  
Grade III = 12 patients 
Grade IV =  5 patients 

 

 

Subjects who qualified to participate in the study were assigned to either an 

Orthotics or Control group. Subjects were matched according to: (a) sex, (b) 

Kellgren-Lawrence scale disease severity, (c) age (within 5 years), and (d) BMI 

(within 3 units). If new participants did not meet the criteria for matching with a 

subject already enrolled in the Orthotics group, they were assigned to the Orthotics 

group.  Kellgren-Lawrence scores were determined by radiographic images taken 

within the year previous to the subject’s enrollment in the study. The radiographs 

were evaluated by each subjects’ personal orthopedic physician.  

At baseline, the involved limb was determined for each subject based upon 

his or her tibiofemoral OA Kellgren-Lawrence disease severity. If a subject had 

equal Kellgren-Lawrence scores bilaterally, the more painful side was considered the 

involved limb for the remainder of study.  
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 To create the lateral wedge orthotics, a certified pedorthotist placed each 

subject's feet in subtalar neutral and digitally scanned their feet with a CAD/CAM 

orthotics system (FootFax SL Contact Digitizer, Amfit, Vancouver, WA) while in a 

partial weight bearing position. Using the CAD/CAM software, the pedorthotist 

constructed a pair of semi-rigid custom 7° three quarter length lateral wedge 

orthotics for each subject. The lateral wedge started at the heel and extended to the 

metatarsal heads. From these dimensions, the molded foot orthoses were 

manufactured using a medium 62-durometer density ethyl vinyl acetate shell covered 

with a 2-mm blown polyvinyl chloride foam. To increase the effectiveness of the 

design, the wedging material was constructed with 80-durometer rating ethyl vinyl 

acetate foam (Amfit, Inc. Vancouver, WA). 

The Orthotics group was given a pair of lateral wedge orthotics to be worn 

daily inside both shoes during all activities throughout the 12-week study period.  

The Control group received a pair of neutral shoe inserts to be worn daily. The 

neutral insert was an off-the shelf, low 52-durometer ethyl vinyl acetate shell 

covered with the 2-mm blown polyvinyl chloride foam. Upon completion of the 

study, subjects in the Control group were informed that they had been in the placebo 

group and were provided with a pair of 7° lateral wedge custom molded orthotics 

created from measurements taken at the outset of the study.  

At the beginning of the study, subjects were issued a journal to document the 

hours per day of orthotics/ neutral insert use and daily dosage of knee OA 

medications. All participants received their orthotics and/or neutral inserts 
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approximately one week after being measured. Subjects were instructed to wear 

the orthotics or neutral insert inside their shoes as often as possible.  

 

2.2 Instrumentation 

 An active infrared motion analysis system with nine cameras (VICON, 

Oxford Metrics LTD., Oxford, England) and two strain gauge force plates (Bertec, 

Columbus, OH) were used to collect kinematic and kinetic data for stair descent 

analyses. Kinematic data were sampled at 120 Hz and stored digitally on a computer.  

Ground reaction force data were collected at 1080 Hz.   

 A set of custom-made stairs consisting of three steps up with handrails on 

both sides and three steps down without handrails were constructed to the following 

rise and run specifications: 18.5 cm high, 26 cm deep and 58 cm wide.  The three 

“upward” steps and hand railings were constructed of wood.  The top step was 

actually a 1 m2 wooden platform that provided the subjects with a large, stable pre-

stair descent preparation area (Figure 3.1). Kinematic and kinetic data were only 

collected during stair descent, not during stair ascent. 

The two free-standing “downward” steps off of the wooden platform were 

constructed from a rigid aluminum; each was bolted directly to a separate force plate. 

There were no hand railings on the downward steps to minimize the obstruction of 

the reflective markers from the infrared cameras.  
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Figure 3.1. Experimental set-up for stair descent trials 

Prior to this study, pilot kinetic and kinematic data collected in our laboratory 

indicated “good” to “excellent” test-retest reliability for knee joint moments and 

angles.  Intraclass correlation coefficients obtained were: ICC=0.98 for sagittal plane 

knee moments; ICC = 0.92 for frontal plane knee moments; ICC= 0.83 for frontal 

plane knee angles; and ICC = 0.82 for sagittal plane knee angles.      

 

2.3 Procedures. 

 All data collection sessions took place at the Sports Medicine Laboratory and 

Biomechanics Laboratory at Oregon State University.  Data were collected for all 

dependent measures at baseline (Week 1, receipt of orthoses), Week 6 and Week 12. 

Subjects were given a pair of appropriately sized New Balance walking athletic 



 

 

50
footwear (656W and 657M, New Balance, Boston, MA) to wear during each 

testing session. Tight fitting athletic shorts were worn during stair descent analysis 

data collection. Several warm-up stair descent trials were provided for subjects to 

become accustomed to the equipment and protocol.   

 Baseline values for all dependent measures were obtained upon the subject’s 

receipt of their orthotics. At the beginning of each data collection session, subject’s 

height and weight were recorded. Measures of ankle width and knee width were used 

to calculate ankle and knee joint centers. At each data collection session, subjects 

completed a 100-mm visual analog scale questionnaire that solicited their pain level 

during stair climbing on that particular day.   

After warming up, twenty-one 1.5 cm passive retro-reflective spherical 

markers were taped bilaterally to the third metatarsal head, lateral malleolus, medial 

calcaneus, lateral calcaneus, fibular head, lateral epicondyle of the femur, lateral 

shank, lateral thigh, greater trochanter of the femur, anterior superior iliac spine  and 

iliac crest. A marker was also attached to the sacrum. The New Balance shoes were 

modified for data collection by cutting 3 cm diameter windows into the heel to allow 

the reflective markers to be attached directly to the skin. A permanent marker was 

used to record the skin position of the medial and lateral calcaneus markers. To 

obtain baseline data of the within-subject changes in peak kinematic and kinetic data, 

subjects in the Orthotics group performed stair descent trials wearing the neutral 

insert and lateral wedge orthotic at Week 1. 

Subjects were instructed to initiate stair descent with their noninvolved limb.  

In patients with bilateral symptoms, stair descent was initiated with the least painful 
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limb. Subjects walked down the three steps at a self-selected pace and then at a 

slower pace (10% slower than the original pace) and faster pace (10% faster than the 

self-selected pace) (Andriacchi, 1994). Five trials were collected for each speed.  

Three-minute rest periods were imposed between the stair descent experimental 

conditions. Normal comfortable stair descent speed kinetic and kinematic data were 

collected at each testing session because functional improvements are often 

evidenced by the ability to walk comfortably at a quicker pace. Stair descent speed 

was determined by an infrared timing light system. After each trial, the subject’s 

pace was digitally displayed (msec) allowing them to make changes as necessary. To 

estimate the immediate effects of the orthotics, subjects in the Orthotics group were 

tested for stair descent data with both neutral inserts and lateral wedge orthotics in 

their shoes during their Week 1 testing session. 

Kinematic and kinetic data were collected simultaneously and synchronized 

during each trial. A stair descent trial was considered acceptable if the subject’s foot 

made contact with the force plate without contacting the preceding step.  The order 

of testing was randomly assigned using a table of random numbers.   

 

2.4 Motion Analysis Data Acquisition and Reduction 

 VICON Body-Builder software (Oxford Metrics LTD., Oxford, England) was 

used to quantify knee and ankle joint kinematics and kinetics. Through this software, 

the passive reflective markers are identified and automatically digitized. The 

digitized markers, modeled as rigid linked segments connected about a pin joint, 

were used to model segment motion about the three-dimensional joint axis. 
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Mathematical models using marker positions and measures of ankle width and 

knee width were used to calculate ankle (Close et al., 1967) and knee joint centers, 

while greater trochanter marker location and anterior superior iliac spine width were 

used to calculate hip joint centers (Seidel et al., 1995). Estimations of inertial 

segment parameters were based on data reported by de Leva (1996). Joint reaction 

forces and joint moments of force were calculated about the knee joint using an 

inverse dynamics analyses that utilized the segmental inertial characteristics, 

segmental kinematic, and force plate data (Winter, 1990). The raw coordinate data 

were filtered using a fourth order low-pass Butterworth filter with a cut-off 

frequency of 8 Hz. The cut off frequency was determined by residual analysis of 

markers on the lateral calcaneus, fibular head, and greater trochanter (Winter, 1990). 

 The stance phase of stair descent was identified from initial contact of the 

foot to toe off (as determined by the ground reaction force).  All joint angle and 

moments were expressed as a percentage of the stance phase of gait to yield a 

normalized cycle of events.  All external joint moments were normalized to each 

subject’s body weight (N) and height (mm) and expressed as a percentage. Peak 

kinematic and kinematic data were expressed as mean + SD.  

 

2.5 Statistical Analysis 

 Nine kinematic and kinetic variables were selected for analysis: peak knee 

adduction moment, peak knee extension moment, peak knee flexion moment, peak 

knee extension angles, peak knee flexion angle, peak knee abduction angle, peak 

knee adduction angle, time to peak adduction moment, time to peak knee extension 
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moment. Nine Group (2) x Time (3) between/within ANOVAs with Time as the 

repeated factor were performed to determine if there were differences in peak sagittal 

and frontal plane knee kinematics and moments during stair descent. A power 

analysis indicated that our sample size was too small to conduct a MANOVA with 

sufficient power.  An ordered Bonferroni correction procedure was used to protect 

against Type I error while maintaining statistical power (Rosenthal and Rubin, 

1984).   

To investigate baseline within-subject effects, independent t-tests were used 

to compare stair descent trials for different conditions within the Orthotics group 

(descending stairs with the neutral insert versus the custom orthotics). When 

necessary, paired t-tests were used to compare groups with the same condition (both 

groups performed stairs with the neutral insert at week 1). Bonferroni corrections 

were used to protect against a Type I error. To determine the heel to toe pattern 

utilized during stair descent, peak ankle plantar flexion angles during initial contact 

were collected and compared between groups (P<0.05)  

 VAS pain scores during stair descent were analyzed with a univariate Group 

(2) x Time (3) between/within ANOVAs with Time as the repeated factor. If main 

effects or interactions reached significance, post hoc paired t-tests with Bonferroni 

corrections were utilized to maintain the experimentwiseα  at 0.05.  A Pearson 

correlation coefficient was calculated to determine the relationship between changes 

in peak knee adduction moments and changes in VAS pain scores. All statistical 

analyses were performed using SPSS software, version 14.0 (SPSS Chicago, Illinois, 

USA).   
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3. RESULTS 

3.1 Subjects 

There was no difference in the number of hours per day that the Orthotics and 

Control groups wore their orthotic device during the 12-week clinical trial, 10.3 (3.2) 

hours/day and 9.1 (2.3) hours/day, respectively (P >0.05). There were no significant 

differences in comfortable stair descent velocity across the 12 weeks (Table 2) 

(P>0.05). The speed most similar to each matched subject’s normal pace was used 

for data analysis (± 0.1 m/s). Stair descent speeds used in data analysis averaged 

0.568 (0.079) m/s for the Orthotics group and 0.565 (0.092) m/s for the Control 

group across all data collection sessions (Table 3.2). The use of prescription 

medications remained constant in both groups throughout the 12 weeks. Changes in 

frequency of over-the-counter medications were limited to less than 2 instances per 

week for all subjects. 

 
Table 3.2. stair descent velocity. 

 

week Group Mean Stair Descent Speed 
m/s (SD)  

Neutral Insert 0.563 (0.081)  
1 
 

 
Orthotics 0.571(0.111) 

 Neutral Insert 0.568 (0.081)  
6 
 

Average values (SD) are in m/s. There were no significant 
differences is stair descent speed between subjects across all weeks 
(P>0.05). 

 Orthotics 0.561 (0.089) 

Neutral Insert 0.573(0.092)  
12 
 

 
Orthotics 0.561 (0.094) 
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3.2 Kinetics and Kinematics 

Kinetics 

 There were underlying differences in the peak external knee adduction 

moment between the Control group and the Orthotics group at Week 1 (Figure 3.2). 

The Control group had significantly lower knee adduction moments (3.76 (0.14) 

%BW*HT) than the Orthotics group (4.35 (0.12) %BW*HT) at the outset of the 

study (P=0.024). When both groups descended stairs wearing similar neutral inserts, 

the Control group also had lower knee adduction moments; 3.76 (0.14) %BW*HT, 

Control versus 4.62 (0.12) %BW*HT, Orthotics (wearing neutral insert) (P=0.002). 

However, there were no significant differences within the Orthotics group during 

stair descent with the neutral inserts and the lateral wedge orthotics (P>0.05).  

 There were no significant differences in the peak knee adduction moments 

between weeks in either the Control or Orthotics group (P>0.05).   Additionally, 

there were no significant main effects or interactions between/within weeks in the 

peak knee extension or peak knee flexion moments between the Orthotics and 

Control groups (P>0.05).  

Kinematics 

 Baseline comparisons at Week 1 indicated that there were no significant 

differences within the Orthotics group’s peak knee extension angles when subjects 

descended stairs with the neutral insert and lateral wedge orthotic (P>0.05). When 

subjects in the Orthotics group performed stair descent with the neutral insert and the 

lateral wedge orthotics, there were no differences in the peak knee angles (P>0.05). 
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Figure 3.2. Peak knee adduction moments in the Control and Orthotics 
groups across weeks.  Values are Mean (SD). * Significant difference 
between groups. The Control group was significantly lower than the 
Orthotics group at Week 1 (P=0.024). 

  

 

 

 The average ankle angle at initial foot contact was 23° of plantar flexion. 

There were no differences between groups in the initial contact plantar flexion angle 

(P>0.05). The vast majority (92%) of subjects contacted with step with greater than 

15° of ankle plantar flexion.  

Peak knee extension angles were higher in the Orthotics group versus the 

Control group at all weeks (P<0.05). The magnitude of these differences remained 

consistent from Week 1 to Week 6 to Week 12 (Figure 3.3). No significant 

differences were found in the peak knee flexion angles and peak knee adduction 

angles between groups across all weeks (P>0.05).    

A summary of the results of all lower extremity knee kinetic and kinematic 

analyses is presented in Table 3.3.  
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Table 3.3 Peak kinematic and kinetic data between the Orthotics and Control groups. 

 

 

Peak Knee Angles (degrees) and Moments (% BW*HT)  
 

Dependent 
Variable 

Group Week 1 Week 6 Week 12 

Flexion 
Angle 

Control 
Treatment: Orthotic 
           Neutral Insert 

75.06(8.81) 
73.55 (9.14) 
74.25 (9.45) 

74.57(10.55) 
72.95(9.35) 

74.50(9.33) 
72.44(6.77) 

Extension 
Angle 

Control 
Treatment: Orthotic 
           Neutral Insert 

3.82(4.98)* 
7.89(4.19) 
7.19(4.53) 

4.85(5.55)* 
7.07(4.85) 

3.82(4.69)* 
7.54(4.19) 

Abduction 
Angle 

Control 
Treatment: Orthotic 
           Neutral Insert 

1.54(3.47) 
2.38(3.22) 
2.17(3.18) 

0.34(5.34) 
2.47(4.22) 

0.28(4.04) 
2.47(3.25) 

Adduction 
Angle 

Control 
Treatment: Orthotic 
           Neutral Insert 

9.75(6.24) 
11.22(3.58) 
11.42(3.37) 

9.78(6.48) 
11.38(3.60) 

8.57(5.52) 
10.9(3.06) 

Flexion 
Moment 

Control 
Treatment: Orthotic 
           Neutral Insert 

4.13(1.67) 
4.25(1.49) 
4.18(0.18) 

3.84(1.77) 
4.06(1.25) 

3.92(1.63) 
4.25(1.28) 

Extension 
Moment 

Control 
Treatment: Orthotic 
           Neutral Insert 

2.38(1.15) 
2.30(0.82) 
2.38(0.11) 

2.32(1.21) 
2.12(0.57) 

2.32(1.08) 
2.22 (0.79) 

Adduction 
Moment 

Control 
Treatment: Orthotic 
           Neutral Insert 

3.76 (1.28)**
4.28(1.22)** 
4.62(1.16) 

3.52(1.65) 
4.22(1.10) 

3.61(1.31) 
3.88(0.81) 

 

Neutral Insert represents the stair descent trial with the Orthotics group at Week 1 
only. Values are Mean (SD). * Significant difference between the Control and 
Orthotics group. **Significance difference between the Control and the Orthotics 
group during the neutral insert trials. The Control group had significantly lower 
knee extension angles than the Orthotics group as well as significantly lower knee 
adduction moments (P<0.05) 
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Figure 3.3 This graph represents the average knee 
flexion angle of a typical subject in the Orthotics group 
versus their matched Control during stair descent. The 
Control subjects had lower peak knee extension angles 
versus subjects in the Orthotics group (P<0.05). 

 

 

 

3.3 Time to Peak Moment 

 Peak knee extension and adduction moments both occurred during the initial 

stance phase of gait (Table 3.4). There were no significant differences in time to 

peak knee extension or knee abduction moments between groups across all weeks 

(P>0.05).  

Table 3.4. Time to peak knee joint moments. 

Time to Peak: Percent of Stance  
 Group Week 1 Week 6 Week 12 
Knee Adduction 
Moment 

Control 
Orthotic 

25.9 (20.1) 
24.2 (8.2) 

23.4 (16.2) 
23.5 (8.3) 

24.4 (17.8) 

Values are percentage of stance (SD). There were no differences between groups 
P>0.05. 

 

22.6 (6.4) 
Knee Flexion 
Moment 

Control 
Orthotic 

54.1 (5.1) 
60.3 (7.2) 

55.3 (9.3) 
58.5(5.1) 

57.8 (12.4) 
58.2 (6.4) 
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3.4 VAS Pain Scores 

 There were no significant differences in VAS stair pain data (VASstairs) 

during stair climbing between the two groups at the beginning of the study (P>0.05). 

Pain during stair descent decreased by nearly 50% between Week 1 and Week 12 for 

the Orthotics group subjects (P=0.015) (Table 3.5). At Week 12, the VASstairs pain  

scores were lower in the Orthotics group compared to the Control group (P<0.05).  

The VASstairs pain scores for the Control group were unchanged across the 3-month 

study period, 41.8 ± 4.8 mm at Week 1 versus 41.4 ± 4.9 mm at Week 12. (P > 

0.05).  

Pearson product moment correlation calculations indicated that there was no 

significant correlation between the percentage change in the peak knee adduction 

moment during stair descent and changes in VASstairs pain levels (r=0.05, P>0.05). 

 

VAS Pain Score (mm) 
 Group Week 1 Week 6 

Visual analog pain scores during stairs descent (0-100). Values are mean (SD).     
* Significant difference between Week 1. #  Significant difference between 
groups. At Week 12, VAS pain was significantly lower than the Control group at 
Week 12 and from Week 1 in the Orthotics group (P<0.05).    

 

Week 12 

Pain during stairs  Control 
Orthotic

41.8 (4.8) 
41.3 (4.9) 

38.9 (4.6) 
33.5 (5.1) 

41.4 (4.9) 
21.8 (4.6)* # 

Table 3.5. Pain during stair climbing 

 

 

4. DISCUSSION 

The purpose of this study was to determine the effectiveness of orthotics at 

reducing medial knee joint loading and pain during a stair descent task in patients 

with medial knee OA. These findings suggest that an orthotic treatment intervention 
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does not significantly lower peak external knee adduction joint moments and 

increase self-selected pace during stair descent.  

As this was the first study to investigate differences in knee adduction 

moments during stair descent without and without lateral wedge orthotics, 

comparisons are limited. However, studies have shown that lateral heel wedge 

orthotics significantly reduce knee adduction moments during level walking 

(Crenshaw et al., 2000; Kerrigan et al., 2002; Kakihana et al., 2005). 

An explanation for these alternative findings could be attributed to the differences in 

gait patterns between level walking and stair descent. During the stance phase of 

level walking, there is a heel to toe weight bearing gait pattern (Perry, 1992).  

Conversely, during stair descent, initial contact occurs with the ankle in plantar 

flexion and the forefoot in contact with the step.   

The current study found that more than 90% of subjects landed with the ankle 

in greater than 15° of plantar flexion. Lateral heel wedge orthotics are designed to 

move the mechanical axis of the knee medially (Maly et al., 2002); therefore, the 

biomechanical effects of this orthotic design may be minimized during stair descent.  

In the current study, the 7° wedging inside the shoe only extended to the metatarsal 

heads in order to maintain comfort and thus may not be effective during a toe-to-heel 

foot contact pattern. 

Although these findings did not detect significant differences in the peak 

knee adduction moments between treatment groups, the results are more promising if 

they are viewed in the context of the significant improvements in the VAS pain 

scores.   Hurwitz et al. (2002) demonstrated that when pain level was reduced in 
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patients with medial knee OA, peak external knee adduction joint moments 

significantly increased.  In the absence of pain, subjects significantly increased the 

magnitude of joint loading.  Conversely, subjects compensated for their level of pain 

by reducing the loading through the joint.  Shrader et al. (2004) found that patients 

with knee OA dramatically increased the knee adduction moment after receiving a 

pain relieving intra-articular injection of the knee. Assuming subjects were 

compensating for pain upon entry into the current study, lateral heel wedge orthotics 

effectively maintained the lower peak knee adduction moment even though pain 

levels decreased.  

Although subjects were carefully matched for factors that have been shown to 

impact joint kinematic and kinetics, e.g., BMI, age, OA disease severity, there were 

still significant differences between the two experimental groups in peak knee 

adduction moments and peak extension angles at Week 1. These baseline disparities 

may have impacted the interpretation of the results. Subjects in the Control group 

had lower peak knee extension angles at initial contact versus the Orthotics group 

and our data suggests that one of two peak knee flexion moments occur during the 

weight of acceptance phase of stair descent. It is commonly accepted that an external 

knee flexion moment is balanced by an internal knee extensor moment generated 

principally by the quadriceps muscle group (Winter, 1990). Thus, Control group 

subjects may have compensated for increased pain by utilizing a more extended knee 

to avoid recruitment of the quadriceps muscle group. Additionally, Control group 

subjects may also have used co-contraction as a means to further stabilize the knee 

joint and reduce pain.   



 

 

62
To account for the possibility of baseline differences, the current study 

incorporated within-subject testing with and without the lateral wedge orthotics for 

subjects assigned to the Orthotics group. Unexpectedly, there were no within-subject 

differences between neutral insert and lateral wedge orthotic trials at the Week 1 data 

collection.  

An explanation for the alternative results in the current study can be 

attributed to the variability in kinematic and kinetic data during stair descent. While 

there were no significant differences between groups, the magnitude of the 

difference in peak knee adduction moments across multiple weeks in our study was 

similar to that reported during level walking trials (Kerrigan et al. 2002; Kakihana et 

al. 2005).  Stair descent is a more physically challenging activity of daily living than 

is level walking, and subjects utilized different strategies from trial to trial, thus 

increasing the within and between subject variability of the data (Yu et al., 1997). 

While we were aware of these variability concerns, increasing the number of trials 

was not possible due to the difficult nature of this task for knee OA patients. Several 

of our subjects had difficulty completing the required 15 stair descent trials.  A 2 to 3 

minute rest period was typically required for most subjects between stair descent 

conditions (normal, 10% faster, 10% slower) in order to minimize fatigue and not 

exacerbate their pain levels.  

 While sagittal and frontal plane knee kinematics and frontal plane kinetics in 

the current study were similar to those reported by Kaufman et al. (2001), peak knee 

flexion moments were smaller in magnitude. An explanation for these differences 

may lie in the patient’s severity of arthritis. Previous studies have reported reduced 
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knee moments (Hurwitz et al., 2000) and delayed quadriceps activity during stair 

descent in patients with knee OA (Hinmann et al., 2002). The subjects in the current 

study had moderate to severe radiographic disease severity and possibly reduced 

their knee flexion moment as a mechanism to limit pain.  

We also hypothesized that changes in the knee adduction moments would be 

associated with changes in levels of pain experienced during stair usage.  We found 

no significant correlation between pain level during stair descent and the peak 

external knee adduction moment. These findings are in agreement with Hurwitz et al. 

(2002) who reported the knee adduction moment was more closely correlated with 

static alignment than radiographic disease severity or pain. The lack of a correlation 

is most likely related to the small effect size (range, 0.089 η2 to 0.003 η2) and large 

variability (range, 0.81 SD to 1.65 SD) within the knee adduction moment data. In 

addition, a single VAS pain score during stair descent was collected prior to 

descending stairs. A more meaningful correlation might exist between these two 

parameters if pain scores were collected between stair descent trials. Subjects often 

reported having varying amounts of pain from trial to trial, an important 

consideration when investigating knee kinetics and kinematics during stair descent. 

 

4.1Conclusion 

Stair descent is an activity of daily living that increases loading on the 

tibiofemoral joint and frequently cause pain in knee OA patients (Andriacchi et al., 

1980; Kowalk et al., 1996).  Previous studies have shown that patients with knee OA 

often reduce medial knee joint loading in response to the experience of joint pain 
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(Hurwitz et al., 2000). Interventions that treat the painful symptoms without 

changing the joint mechanics may place the patient at greater risk of joint 

deterioration. The current study found that lateral wedge orthotics significantly 

reduced pain without increasing knee adduction joint loading, thereby minimizing 

the risk of disease progression while subsequently relieving pain. In addition, 

subjects in the Control group utilized different compensatory strategies to descend 

stairs, contacting the step with an extended knee, possibly as a mechanism to 

decrease recruitment of the quadriceps. Longitudinal studies are necessary to 

determine if lateral wedge orthotics can effectively slow the rate of disease 

progression while improving pain and enhancing function.   
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GENERAL CONCLUSIONS: 

 

Repetitive, abnormal joint loading has been identified as a significant risk 

factor in the development and progression of osteoarthritis (15). As a result, 

nonsurgical treatment approaches such as lateral wedge orthotics have been 

developed to normalize these pathologic joint forces (7).  The specific aim of this 

project was to evaluate the efficacy of orthotics in patients with medial knee OA on 

selected biomechanical factors and subjective measures of function and pain at 

baseline, 6-week, and 12-week intervals. Thirty six subjects (16 women, 20 men; 

mean age, 63.9 ± 9.5 years) with medial compartment osteoarthritis of the knee 

completed the 12-week study.  Three hypotheses were tested: (1) The Orthotics 

group would have significant reductions in peak external knee adduction joint 

moments and significant increases in self-selected pace during overground walking 

when compared to a Control group (p < 0.05), (2) The Orthotics group would have 

significant reductions in external knee adduction joint moments and significant 

increases in self-selected pace during stair descent when compared to a Control 

group (p < 0.05), and (3) the Orthotics group would demonstrate significant 

improvements in their VAS pain scale, and WOMAC™ Osteoarthritis Index, at 12 

weeks when compared to a Control group (p < 0.05).  

In general, these findings support the use of lateral wedge orthotics as a 

treatment for patients with knee osteoarthritis. Subjects in the Orthotics group had 

significant improvements in pain and function accompanied with reductions in 

medial knee joint loading during level walking trials.  The Orthotics had a greater 
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reduction in the knee adduction moment from week 1 to week 12 versus the 

Control group although there were no differences in group comparisons at each 

week. The lack of significant differences between groups can be explained secondary 

to the small effect size reducing the power of the study. Significant differences might 

have been attained with an increase sample size.  

The second hypothesis, that the Orthotics group would have significant 

reductions in external knee adduction joint moments and significant increases in self-

selected pace during stair descent at 6 and 12 weeks when compared to the Control 

group, was not supported with these findings. During stair descent, the knee joint 

loading remained constant between both groups across the 12 weeks. The design of 

the orthotic may have limited the effectiveness of the lateral wedge orthotic, given 

that the wedging was principally in the rear of the shoe and subjects had a toe-to-heel 

gait pattern during stair descent. Although there were no differences in the knee 

adduction moment, there was a significant improvement in reported pain during stair 

climbing. These results can been seen as productive if one considers recent studies 

that report increased medial knee joint loading in response to reductions in pain 

through pharmacological intervention.  

Between-subject comparisons may have been compromised given the 

variability of the stair descent trials which lowered the probability of finding 

significant differences. While this might have impacted the outcome, increasing the 

number of stair descent trials was not feasible given the difficult nature of the task.  

Our study found that stair descent was a good estimate of patient function and will be 

a useful tool to evaluate the effectiveness of treatment interventions.  
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The findings from the WOMAC and VAS pain scaled data support the 

third hypothesis that the Orthotics group would demonstrate significant 

improvements in their VAS pain scale, and WOMAC Osteoarthritis Index, at 12 

weeks when compared to the Control. Subjects in the lateral wedge Orthotics group 

had significant reductions in WOMAC ADL and WOMAC Pain along with 

improvement in VAS pain scores during level walking and stair descent. 

Additionally, subjects did not change dosage or frequency of pharmacological 

intervention throughout the study. 

In conclusion, lateral wedge orthotics are an effective treatment for patients 

with knee osteoarthritis over a 12 week period. However, in the long-term, a non-

surgical intervention will be effective only if it reduces the rate of disease 

progression. Longitudinal studies are necessary to determine if lateral wedges result 

in improvements that can slow disease progression as documented with radiographic 

images.  

Insights 

The treatment effect associated with lateral wedge orthotics was small in 

comparisons of the knee adduction moment, thus raising concerns about the clinical 

significance of the effect (Table 4.1). Miyazaki and co-workers (33) recently 

reported that osteoarthritis patients who had a 1% increase in knee adduction 

moment were at 6.46 times greater risk of OA progression than those patients whose 

knee adduction moments did not increase during the 6-year follow-up period. A 

follow-up study that includes knee radiographs over months to years would be 

helpful to determine if  
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 Table 4.1. Comparison of eta squared and observed power in the 
statistical analysis of the peak knee adduction moment during 
level walking and stairs.  

 Level Walking Stairs 

 Sig. η2 power Sig. η2 power 

Time 0.001 0.219 0.948 0.219 .044 0.319 

Time x Condition 0.041 0.098 0.589 0.409 0.026 0.200 

 

small changes in the knee adduction moment from lateral wedge orthotics use results 

in a decrease in the rate of disease progression.  

While a power analysis was conducted from pilot data before the current 

study, the sample size may have been too small to find significant differences in the 

knee adduction moment between groups. This is the result of increased variability of 

the knee adduction moment as well as increased variability in the measures of pain 

(WOMAC and VAS) associated with symptomatic subjects. However, given that 

recruitment was extremely difficult secondary to the inclusion/exclusion criteria and 

the modest population of the mid-Willamette value, increasing the sample size was 

not possible for the current study.  

At the outset of the recruitment, it was anticipated that a few newspaper 

advertisements along with physician referrals would be adequate to meet our sample 

size requirements for the study. However, although the newspaper advertisements 

generated interest, approximately 60% of the callers were excluded based upon the 

inclusion/exclusion criteria. The physician contacts generated minimal interest, 
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which was problematic given the time associated with posting flyers in physician 

offices in Corvallis/Albany area of Oregon and the cost associated with mailing 

flyers to physicians in the Portland, Oregon metropolitan area.  

The study could have been improved with an alternative stair design. Adding 

a fourth step would have been helpful to obtain a full gait cycle. The current 3 step 

design did not allow subjects to perform steps with each foot. The data was collected 

as subjects were preparing to transition from steps to level walking which may have 

impacted the analysis during the late stance phase of stair descent trials. While 1.5 

cm aluminum worked well for collecting center of pressure measurements with 

minimal noise, the stairs were constructed without the standard 1-2 inch lip seen in 

most stair designs. The result was that subjects tended to catch their heel on the 

second step. While these trials were thrown out, subjects may have overcompensated 

for this in subsequent trials.   

The design of the orthotics may also have impacted the results. The 7° lateral 

wedging was used for all subjects based upon the results of previous studies and 

provided a good framework for the line of research. However, the results might have 

been improved had the degree of the wedging been varied based upon OA disease 

severity, symptomology, or a combination of disease severity and pain. Future 

studies should account for these differences between subjects to design the most 

effective treatment, with lateral wedging ranging from approximately 5 to 10 

degrees.   

The radiographic measures used for subject screening could also have 

introduced some of the variability. While knee radiographs were necessary to be 
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included in the study, there was no requirement for the angle or weight-bearing 

status from which the image was taken. In addition, many of the subjects’ physicians 

were unfamiliar with the Kellgren-Lawrence scale and needed written instructions on 

how to grade their patients’ radiographs. This may have resulted in an inaccurate 

number of subjects being assigned scores of Kellgren-Lawrence grade III.  

 

Recommendations for future studies 

 As previously stated, longitudinal studies are necessary to determine if lateral 

wedge orthotics can reduce the rate of disease progression. Patients with knee 

osteoarthritis have been found to have decreased knee extensor strength as a result of 

disuse or neurogenic inhibition (49). Based on the small effect sizes associated with 

lateral wedge orthotics, a treatment approach that incorporates some type of lower 

extremity strengthening as well as the orthotics might produce more significant 

improvements. In vitro studies have shown that either high magnitude or highly 

repetitive joint stress increase disease progression in patients with knee OA (15). 

While the knee adduction moment has proven to be useful in estimating medial knee 

joint loading, a biomechanical model that measures tibiofemoral knee joint stress in 

vivo would be an important contribution to the literature.  
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APPENDIX A: IRB APPLICATION 
 

Efficacy of Lateral Heel Wedge Orthotics in the Treatment of Patients with  
Knee Osteoarthritis 

 
Rod A. Harter, PhD, ATC/R and David A. Wallace, MS, PT  

 
 

1.  Brief Description of the study 
 

 Osteoarthritis, one of the oldest and most common types of arthritis, affects 
an estimated 21 million Americans and is responsible for more than 7 million 
physician visits per year. Athletes commonly develop osteoarthritis of the knee either 
as the result of a knee injury or repetitive joint loading that damages the knee 
cartilage causing symptoms of pain and joint stiffness. As pain increases and 
mobility becomes more difficult, patients become less active, thus perpetuating their 
symptoms in a downward spiraling fashion: decreased physical activity typically 
results in a weight gain that proportionately increases the loads on the affected 
joint(s), accelerates the rate of degeneration, and worsens the symptoms of 
osteoarthritis.  Because only a small fraction of patients will develop symptoms 
advanced enough to require surgery, non-operative treatments are essential to 
improving a patient’s pain level and quality of life. 
 To ameliorate the symptoms of persons with osteoarthritis, non-operative 
treatments such as orthotics have been employed with varying success.  Lateral heel 
wedge orthotics and knee braces are designed to mechanically reduce the magnitude 
of knee joint loading.  Decreasing knee joint loading reduces pain and slows the rate 
of degeneration. Although effective in the short-term, the efficacy of long-term use 
of lateral heel wedge orthotics among knee osteoarthritis patients has not been 
determined.  Our objectives are to determine if knee osteoarthritis patients using a 
heel wedge orthotic will have a reduction in joint loading and pain while also 
increasing function over a 12-week period. The findings from this research will be 
presented at the 2006 ACSM national conference and a manuscript will be submitted 
to the Journal of Medicine and Science of Sports and Exercise for publication. 
 
2. Participant Population 
 

We will recruit 40 women and men, age 30 or older, who reside in the 
Willamette Valley of Oregon to participate in this study.  Because of specificity of 
inclusion criteria, multiple methods of subject recruitment are necessary.  
Recruitment will consist of flyers placed in community exercise facilities and 
physician offices. Subject recruitment advertisements will also be purchased in the 
predominant regional newspaper. The same information will be posted in both the 
flyer and newspaper advertisement.   

Subject inclusion criteria will be: (a) physician diagnosis of knee 
osteoarthritis, (b) Kellgren-Lawrence OA scale between grade II and grade IV as 
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determined by x-ray evidence (provided by physician), (c) OA of the medial side 
of the knee joint as determined by medial knee joint narrowing on x-ray (provided by 
physician),  (d) mild/moderate pain during ambulation, stair climbing and/or running, 
and (e) pain on more than half of the days in the month in one or both knees. 
Volunteers will be excluded from participation if they meet any of the following: (1) 
currently using a wedge insole or other orthotic on a regular basis, (2) history of 
tibial osteotomy or joint replacement surgery, (3) anticipate undergoing knee surgery 
within the next year, (4) significant peripheral or central nervous system disease, (4) 
concurrent clinically active arthritis of the hip or ankle, (5) require an assistive 
device to ambulate, or (6) require a handrail to climb stairs. Subjects will be 
instructed to continue all medications and other treatments as prescribed by their 
physician, including over the counter or prescription non-steroidal anti-inflammatory 
drugs; provided their dosage had not changed in the month previous to baseline data 
collection.   

Prior to being enrolled in the study, all volunteers will be screened to 
determine type of arthritis (i.e. OA versus Rheumatoid), disease severity, activity 
level and knee joint pain level (See Appendix D). Screening will be conducted either 
in person at the Sport Medicine Research Laboratory or by telephone. Prior to data 
collection, subjects will be asked to supply a written physician diagnosis based on x-
ray evidence of the following: (1) severity of the arthritis and (2) medial 
compartment involvement.  

If a subject meets all of our screening criteria, we will make an appointment 
to meet with them to review the informed consent and a HIPPA form together. In 
accordance with HIPPA regulations, we will ask subjects to sign a document 
releasing their medical records for the purpose of the study. The HIPPA form will be 
presented to the subject along with the informed consent form (Appendix C). Upon 
receipt of the waiver, we will mail a “prescription, diagnosis, and disease severity” 
form to the physician to fill out, sign and return to us (Appendix C).    

Upon enrollment into the study, subjects will be assigned to either an 
Orthotic (n=20) or a Control group (n=20). Subjects in the Orthotic group will be 
matched with a Control according to age, gender, pain, body mass index (BMI), 
disease severity, and activity level. Height and weight will be recorded to calculate 
each patient’s BMI.  

  All volunteers will read and sign an informed consent form prior to 
participation.  
Recruitment or enrollment in the study will not be based on gender, race, or 
ethnicity. 
 
3. Methods and Procedures  
 

Subjects in the Orthotic group will be given a pair of semi-rigid custom 7° 
lateral heel wedge to be worn daily inside their shoes during all activities throughout 
the 12-week study period.  Subjects in the Control group will receive a neutral insert 
to be worn throughout the study.  Subjects will be required to wear footwear that can 
accommodate an orthotic greater than 75% of the time. All data collection sessions 
will take place at the Sports Medicine/Disabilities Research Laboratory and 
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Biomechanics Laboratory at Oregon State University.  Data collection will occur 
at Baseline, Week 6 and Week 12.  At the conclusion of the study, the subjects in the 
Control group will be given a pair of 7° lateral heel wedge to use at their discretion. 
During the first treatment session, subjects will fill out a questionnaire indicating 
their current activity level, Rapid Assessment of Physical Activty (RAPA) (see 
Appendix C). This questionnaire will only be used for matching of subject activity 
level.  Throughout the study, subjects will be required to keep a journal indicating 
the hours per day of or orthotic use (Appendix C).  

New orthotics and neutral inserts will be issued prior to each data collection 
session. Subjects will wear comfortable athletic clothing (t-shirt, shorts, and athletic 
footwear) to all testing sessions. Each subject’s age, height, and weight will be 
recorded.  Measures of leg length, ankle width, and knee width will be taken and 
used in calculating knee joint angles and knee joint forces. Baseline values will be 
collected during the first day of the study. Subjects will fill out questionnaires for 
pain and functional levels using a 100 mm visual analog pain scale  (VAS pain scale) 
(see Appendix C), and the Western Ontario and McMaster Universities (WOMAC) 
Osteoarthritis Index (see Appendix C).  The WOMAC questionnaire and VAS pain 
scale will be filled out during each testing session. The results of the questionnaire 
will be used as an assessment of his or her pain and function.  Although subjects will 
be instructed to maintain their medication dosage throughout the study, subjects will 
also fill out a questionnaire regarding the type and dosage of medication prior to 
each testing session.  

After warming up for five minutes on a stationary bicycle, knee range of 
motion will be tested through standardized goniometric procedures. Reflective 
markers (1.5 cm spheres) will be bilaterally taped to various bony landmarks of the 
legs: (a) the second toe, (b) ankle, (c) heel, (d) knee, (e) lateral lower leg, (f) lateral 
thigh, (g) front of the hips, and (h) back of the hips.  Subjects will first walk down an 
8-meter walkway at their own comfortable walking speed and then at a slower and 
faster speed.  Practice trials will allow the subjects to become familiar with the 
procedures and instrumentation. Five trials will be collected for each speed.  Trials 
closest to the same speeds will be used for analysis. There will be a total of 15 
satisfactory walking trials.  Between conditions, a three-minute rest period will be 
provided. Additional rest periods will be offered as necessary. The collection of data 
at three different walking speeds is necessary because as subjects improve between 
data collection sessions their walking speed may also increase. Comparisons of gait 
variables should be conducted at similar walking speeds.  

Walking speed will be determined by an infrared timing light system. After 
each walking trial, subjects will see their pace allowing them to make changes as 
needed. Using the initial walking trial at the subjects’ comfortable pace as a baseline, 
subjects will then be instructed to “walk a little faster” (10% faster than the 
comfortable pace) and “walk a little slower” (10% slower than the comfortable 
pace). 

A similar procedure will be utilized for stair descent testing.  Subjects will 
descend three steps at three different speeds (normal, slow, and fast).  The same 
timing light system will be utilized during the stair descent data collection. The trials 
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closest to the same speed during descent will be used for analysis.  Five stair trials 
will be collected for each speed. There will be a total of 15 satisfactory stair trials.  
Between conditions, a three-minute rest period will be provided. Additional rest 
periods will be offered as necessary. To estimate the immediate effects of the 
orthotics, subjects in the Orthotic group will be tested for both gait and stair descent 
data with and without the orthotics in their shoes during their baseline testing 
session. The order of testing will be randomized for each subject.  To account for the 
influence of footwear, subjects will be given a pair of appropriately fitted New 
Balance walking athletic shoes to wear during each testing session. Proper fit and 
comfort will be determined by allowing patients a few minutes to get accustomed to 
the shoe. Total testing time for each session will be approximately 90 minutes. A 
five-minute cool down period of stationary bicycling will be provided. 
 
4.        Benefits 
 

There may be no direct benefits to the participants. The potential personal 
benefit for subjects in the Orthotic group may be a reduction in pain and an 
improvement in function. The researchers anticipate that society may benefit from 
this study by the development of an improved cost effective treatment approach for 
patients diagnosed with medial knee osteoarthritis.  

 
5.  Compensation 
 

Subjects will receive $20 for each day of testing during their participation in 
the 3-month study. Total compensation will be $60 ($20/day x 3 days of testing). At 
the conclusion of testing, subjects will receive a free pair of wedges to use at their 
discretion.  If subjects remove themselves early from the study, they will receive 
payment for each testing session they attended. Although extremely unlikely based 
on the inclusion criteria, if a subject is unable to complete a day of testing, they will 
receive compensation for that day of testing and allowed to remain in the study.  
 
6.  Risks 

 
During testing, subjects might experience some increased soreness in their 

arthritic knee.  The minimum number of trials (5 trials per activity) necessary to 
achieve reliable measures will be collected to avoid exacerbating symptoms. In 
addition, subjects will be instructed to ask for rest periods if they are needed. Warm-
up and cool-down periods have been included to lessen the risk of post-exercise 
soreness.    
 
7. Informed Consent Process 
 
 A meeting will be held with each of the potential subjects at which the 
experimental protocol will be described to them.  Explanation of the components of 
the study will be performed in the OSU Sports Medicine and Biomechanics 
Laboratories in the Women’s Building, so that the subjects will be able to see and 
become familiar with the machines and equipment on which they will be tested.  On 
the date of testing, each subject will be given a copy of the informed consent 
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document to read and ask questions regarding the protocol or any of the 
experimental procedures.  Following any discussion the subject will be asked to sign 
the Informed Consent Document.  A copy of the signed document will be given to 
each subject and the original kept by the investigator.   
 
8. Anonymity or Confidentiality 
 
 The information collected from each participant will be kept confidential to 
the extent permitted by law.  The results of the study may be published, but subjects’ 
identities will not be published.  Each subject will be assigned a code number, and 
only the investigators listed in conjunction with this study on the informed consent 
document will have access to these codes.   
 
9. Attachments 

 
Informed Consent 
See Appendix A 
 

Recruitment Documentation 
See Appendix B 
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APPENDIX B: INFORMED CONSENT DOCUMENT 

 
A.  Title:   Efficacy of Lateral Heel Wedge Orthotics for the Treatment of 
Patient   with Knee Osteoarthritis 

 
B.  Investigators:  David A. Wallace, MS, PT, Graduate Student 

 Rod A. Harter, PhD, ATC, Associate Professor 
 

C.  Purpose:  The purpose of this research study is to measure the capabilities of lateral heel 
wedge orthotics in the treatment of patients with osteoarthritis of the knees.  We are also 
interested in determining if six weeks or twelve weeks is the better length of time to achieve 
the optimal benefits from the treatment.  

The purpose of this consent form is to give you the information you will need to help 
you decide whether to be in the study or not.  Please read the form carefully.  You may ask 
any questions about the research, what you will be asked to do, the possible risks and 
benefits, your rights as a volunteer, and anything else about the research or this form that is 
not clear.  When all of your questions have been answered, you can decide if you want to be 
in this study or not.  This process is called “informed consent”.  You will be given a copy of 
this form for your records. 

We are inviting you to participate in this research study because you have medical 
diagnosis of medial knee osteoarthritis with a complaint of pain while walking, running or 
climbing stairs.  

 
D. Procedures:  

If you agree to participate, your involvement will last for twelve weeks. 
 

 I understand that as a participant in this study the following things will happen: 
1. Pre-study Screening. 

a. Prior to being enrolled in the study, you will be asked a variety of questions 
relating to your disease. If your answers indicate you have symptoms 
consistent with medial knee osteoarthritis, you will be eligible to be in the 
study.  

b. You are eligible to participate in this study if you meet the 
following criteria: 

• Physician’s diagnosis of “KNEE OSTEOARTHRITIS”. You must supply a 
written physician diagnosis of the severity and location (e.g. right or left 
side of the knee) of your arthritis  

• Minimal to moderate pain while walking, running or climbing stairs 
• Pain on > 50% of days in the month in one or both knees 
• X-rays documenting Knee OA on the inside of the knee joint.  

 

c. You are not eligible to be in the study if you meet any of the 
following criteria:            

• Have used an orthotic in the past year 
• Have had knee surgery to include knee replacement or osteotomy 
• Anticipate undergoing knee surgery within 1 year of entry into the study  
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Informed Consent (continued) 

 
• Have any neurologic illness or suffer from neurologic impairment (e.g. suffer 

from a stroke, diabetes, closed head injury, Multiple Sclerosis, or others) 
• Have active arthritis in the hip or ankle 
• Require an assistive device to walk or climb stairs Require a hand-rail to 

climb stairs 
• Increase of decrease the dosage of any arthritis related medication while 

you are participating in the study 
2. Procedure to receive written documentation of your arthritis 

a. In order to do this research, you must also authorize us to access and 
review some of your personal health information. An authorization form is 
attached for you to review and sign and is an addendum to this consent 
form. 

b. Once we receive the signed form, we will mail a request to your physician 
asking for authorization to use heel wedges orthotics as well as a written 
diagnosis of your arthritis.  

c. We must have a written diagnosis prior to your inclusion in the study. 
 

3. Procedure after you are included in the study 
a. If you are accepted into the study, you will be randomly assigned to either 

an Orthotic group or Control group (no heel wedge).   
b. If you are assigned to the Orthotic group, you will be required to 

wear a heel wedge orthotic in the footwear of your choice at all 
times over a twelve week duration. The heel wedges are wedged-
shaped shoe inserts that are commercially available and are purchased prior 
to your recruitment at no cost to you. The heel wedges are fitted to your 
specifications in accordance with your shoe size and comfort level.  

c. If you are placed in the control group, you will be required to wear 
a pair of neutral inserts at all times over a twelve week duration.  
The neutral inserts are made of a soft foam material that does not alter the 
mechanics of the foot and are fit according to your shoe size.  

d. Regardless of group assignment, at the conclusion of the testing, you will be 
given a lateral heel wedge to use at your discretion.  

e. During your participation, you will be required to wear footwear that can 
accommodate a shoe insert greater than 75% of the time (e.g. SANDALS 
and HIGH HEELS SHOULD NOT BE WORN). If you are unable to comply 
with this request, please do not enroll in this study.  

 

4.  What participants will do during testing sessions. 

a. Your participation will be for the duration of 12 weeks. It will include three 
testing sessions; today (baseline), at 6 weeks, and at 12 weeks.  

b. You will be required to wear athletic attire (shorts, short sleeved shirt, and 
athletic footwear). 
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Informed Consent (continued) 

 
c. During each testing session, you will be asked to fill out a questionnaire 

indicating your level of pain with various activities and your level of pain at 
various times throughout the day. In addition, you will be asked to fill out a 
questionnaire indicating your difficulty level with general tasks. (for example: 
how much difficulty you have climbing stairs). 

d. You will also be asked your current arthritis medications and dosage prior to 
each testing session. However, we ask that you do not change your 
medication or dosage during your participation in this study.   

e. After a 5-minute warm-up on a stationary bicycle, you will have reflective 
markers taped to various bony landmarks on your lower leg. 

f. Knee range of motion will be tested through standardized procedures.  A 
measuring device will be placed next to the skin in line with bony landmarks 
of the knee. While you are lying down, the researcher will bend your knee as 
far as possible without causing pain and measure the angle of the joint. 

 
4.  What participants will do during testing sessions—continued: 

g. Your height and weight will be recorded and used to calculate your body 
mass index.  Calculation: [weight (kg) / height (m)2] 

h. You will be required to walk at 3 speeds (comfortable, at little slower, and a 
little faster), performing 5 trials at each speed on an 8-meter walkway. 
There will be a total of 15 satisfactory walking trials.  Between conditions, 
you will be given a three-minute rest period.  

i. If necessary, either because of pain or discomfort, you will be allowed 
additional rest periods at your choosing.  

j. You will repeat the procedure outline in section h, only this time you will 
walk up and down a 3-step staircase without holding onto the handrail.   

k. There will be a total of 15 satisfactory stair-climbing trials.  You will be again 
given three minute rest periods between conditions with additional rest 
periods allotted as needed.  

l. Total testing time will be approximately 90 minutes per session. You will be 
asked to attend three sessions. 

 
E.  Foreseeable risks of discomforts. 

1. You may have post-exercise muscle soreness at the conclusion of testing.  
Warm-up and cool-down periods have been included in the testing procedure to 
reduce this risk.  

2. The walking and stair descent may increase your pain in your knees. Rest 
periods have been allotted to reduce this risk.  

 F. Benefits. 

1. There may be no direct benefit to the participants.   
2. The researchers anticipate that society may benefit from this study by an 

improved treatment approach for patients diagnosed with medial knee 
osteoarthritis. This treatment approach may reduce a patient’s knee pain while 
also slowing the rate of disease progression. 

 
G. Compensation: You will receive the following compensation for participation: 
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1. Upon successful completion of the study, you will receive $60 (3 sessions at 

$20/ session) for your participation and a free pair of lateral heel wedge 
orthotics.  

2. If you are unable to complete the study for any reason, you will receive $20 
dollars for each testing session you attend. You will not receive a free pair of 
orthotics.  

3. Although unlikely, if you are unable to complete a testing session because of 
pain or fatigue, you will receive payment for that day.  

 
H. Confidentiality. 

Records of participation in this research project will be kept confidential to the 
extent permitted by law.  All data will be collected using an assigned code number 
rather than your name and only the investigators will have access to the code.  In 
the event of any report or publication from this study, your identity will not be 
disclosed.  Results will be reported in a summarized manner in such a way that you 
cannot be identified. 
 

I. Research Related Injury. 

In the event of research related injury, compensation and medical treatment is not 
provided by Oregon State University.  

J. Voluntary Participation Statement. 

Participation in this study is completely voluntary and that you may either refuse to 
participate or withdraw from the study at any time without penalty.  If you are 
unable to complete a day of testing after you have arrived, you will receive 
compensation for that day.  

K. Questions: 
Questions are encouraged.  If you have any questions about this research project, please 
contact Rod Harter via phone 541-737-6801 or email Rod.Harter@oregonstate.edu or David 
Wallace via phone 541-737-5922 or mailto: wallaced@onid.orst.edu.  If you have questions 
about your rights as a participant, please contact the Oregon State University Institutional 
Review Board (IRB) Human Protections Administrator, at (541) 737-3437 or by e-mail at 
IRB@oregonstate.edu. 
 
 
Your signature indicates that this research study has been explained to you, that your 
questions have been answered, and that you agree to take part in this study.  You will 
receive a copy of this form. 
 
Participant's Name (printed):  __________________________________________ 
 
__________________________________________                       _____________ 
           (Signature of Participant)               (Date) 

RESEARCHER STATEMENT 
I have discussed the above points with the participant. It is my opinion that the participant 
understands the risks, benefits, and procedures involved with participation in this research 
study. 
__________________________________________                 ________________ 
(Signature of Researcher)      (Date)  

mailto:Rod.Harter@oregonstate.edu
mailto:mailto:%20wallaced@onid.orst.edu
mailto:IRB@oregonstate.edu
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APPENDIX C: RECRUITMENT FLYER/ ADVERTISEMENT 

 

WANTED: ADULTS WITH KNEE ARTHRITIS 
 

RECEIVE UP TO $60 COMPENSATION 

PURPOSE OF THE STUDY 
  

To determine the effectiveness of shoe orthotics at 
reducing pain and decreasing the pressure placed on 
the knee joint.  

737-5922 
wallaced@onid.orst.edu 

 
WHAT DO YOU HAVE TO DO? 

 

737-5922 
wallaced@onid.orst.edu 737-5922 
wallaced@onid.orst.edu 

737-5922 
wallaced@onid.orst.edu 

Wear either a specially designed shoe orthotic or a 
neutral orthotic for 3 months.  
 
Testing consists of 3 data collection sessions where 
you will be asked to walk along an 8 meter pathway 
and climb 3 steps.   

737-5922 
wallaced@onid.orst.edu 

 
QUALIFICATIONS: 
1. Physician’s diagnosis of KNEE OSTEOARTHRITIS 
3. Have arthritis on the medial (inside) part of the knee 

 4. Mild to moderate pain while walking, running or 
 climbing stairs 

737-5922 
wallaced@onid.orst.edu 

737-5922 
wallaced@onid.orst.edu 

5. Ability to tolerate mild exercise in the form of  
  walking 

737-5922 
wallaced@onid.orst.edu 

  

Where: OSU Biomechanics Lab (Women’s  
      Building #15) 

       
             (Three 90-minute testing sessions) 

CONTACT:  
David Wallace, MS, PT 

   Department of Exercise & Sport Science 

737-5922 
wallaced@onid.orst.edu 

737-5922 
wallaced@onid.orst.edu 

737-5922 
wallaced@onid.orst.edu 

   737-5922 
   wallaced@onid.orst.edu

737-5922 
wallaced@onid.orst.edu 

 
737-5922 
wallaced@onid.orst.edu 

mailto:wallaced@onid.orst.edu


 

 

90
APPENDIX C: RECRUITMENT FLYER (continued) 

 
 
 
 
  

 
 
 
 

 
 
 

Why are we doing the study?  To determine if shoe orthotics reduce 
pain and improve function for people with knee arthritis. 
 

What do you have to do? Wear a pair of custom-molded shoe 
orthotics for 3 months. Come to Oregon State University on three 
separate occasions and have a gait analyses performed.  
 

Qualifications: (1) Diagnosis of Knee Osteoarthritis; (2) recent x-
rays; (3) Have arthritis on the medial (inside) part of the knee; (4) 
Experience pain while walking, running or climbing stairs. 

For more information contact:  
David Wallace, MS, PT 

Department of Exercise and Sport Science, Oregon State University 
Phone: 503-939-8910 / E-mail: wallaced@onid.orst.edu 

 

DO YOU HAVE KNEE ARTHRITIS 
CAUSING YOU PAIN? 
 

HAVE YOU TRIED IN-SHOE ORTHOTICS? 
 

RECEIVE A FREE PAIR OF CUSTOM ORTHOTICS, VALUED 
AT $200, AND $60 CASH!!! 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

91
 

APPENDIX D: QUESTIONNAIRES 
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Visual Analog Questionnaire 

 
Instructions: 
 Please read the questions below and mark on the line where your pain 
level rates during the different activities. Marks to the left indicate less pain 
while marks to the left indicate more pain. Be sure to read each instruction 
carefully.  
 

INSTRUCTION: Put a mark on the line at the point that best describes HOW 
MUCH PAIN YOU ARE HAVING RIGHT NOW.  

    ________________________________________________ 
 
 
NO PAIN                                      WORST 
AT ALL                                       POSSIBLE 
                                              PAIN 

INSTRUCTION: Put a mark on the line at the point that best describes HOW 
MUCH PAIN YOU HAVE WALKING ON LEVEL SURFACES 

    ________________________________________________ 
 
 
NO PAIN                                       WORST 
AT ALL                                        POSSIBLE 
                                              PAIN 

INSTRUCTION: Put a mark on the line at the point that best describes HOW 
MUCH PAIN YOU HAVE WALKING UP AND DOWN STAIRS  

    ________________________________________________ 
 
 
NO PAIN                                       WORST 
AT ALL                                       POSSIBLE 
                                            PAIN 

INSTRUCTION: Put a mark on the line at the point that best describes HOW 
MUCH PAIN YOU HAVE RUNNING. If you are unable to run, circle N/A here.  

     
 
 
 
NO PAIN                                            WORST 
AT ALL                                             POSSIBLE 
                                                   PAIN 
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INSTRUCTION: Put a mark on the line at the point that best describes HOW 
MUCH PAIN YOU HAVE WHEN YOUR PAIN IS AT ITS WORST 

    ________________________________________________ 
 
 
NO PAIN                                            WORST 
AT ALL                                            POSSIBLE 
                                                  PAIN 

 
 

INSTRUCTION: Put a mark on the line at the point that best describes HOW 
MUCH PAIN YOU HAVE WHEN YOUR PAIN IS AT ITS BEST 

    ________________________________________________ 
 
 
NO PAIN                                           WORST 
AT ALL                                            POSSIBLE 
                                                  PAIN 
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WOMAC 3.1™/WOMBAT 3.0©/AUSCAN 3.0© and OGI 8. 0© INDICES 

ACADEMIC USER AGREEMENT (2004) 
 
 
The following agreement defines the conditions under which the WOMAC™ 3.0/3.1, 
WOMBAT© 3.0, AUSCAN© 3.0 and OGI© 8.0 Indices (including their original, alternate 
language computerised and special feature versions) are provided for use. The conditions are as 
follows: 
 
1. Use of the Indices is limited to authorised users and their clinical and research associates 
only. 
 
2. The Indices may not be provided to unauthorised individuals or agencies without prior 
notification of the originator (Prof Nicholas Bellamy). 
 
3. All copies of the Indices made for research or clinical purposes must bear the Originator’s 
(Prof Nicholas Bellamy) copyright insignia. 
 
4. Commercialisation and resale of any of the Indices is strictly prohibited. 
 
5. Although the use and publication of data collected on the Indices is not limited in any way, 
the physical form of the Indices may not be published or otherwise displayed in any publication, 
on the Internet or any other public access medium. 
 
6. Permission for use is non-exclusive. 
 
7. Only alternate-language forms created  under the Originator’s (Prof Nicholas Bellamy) 
copyright will be used. 
 
8. User agreements will be confirmed in advance, on a protocol by protocol basis. 
 
9. Use outside the agreed protocol is not permitted. 
 
10. The Index will not be modified in any way, or used to create modifications or alternate 
forms. 
 
11. The Principle Investigator will provide an original copy of the latest version of the Index 
User Guide to each person supervising the administration of the Index. 
 
I accept all of the aforementioned conditions to use the ___________ Index in a 
 
study entitled________________________________________________________ 
 
in_______patients over____ months 
 
Signed______________________ 
 
Name_______________________                  Date________________________ 
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APPENDIX E: REVIEW OF LITERATURE 

Osteoarthritis 

 Osteoarthritis consists of a generally progressive loss of articular cartilage 

accompanied by attempted repair of articular cartilage, remodeling and sclerosis of 

subchondral bone, and in many instances the formations of subchondral bone cysts 

and osteophytes1,2,3. In addition to the changes inside of the joint capsule, diagnosis 

of tibiofemoral OA requires symptoms and signs that may include joint pain, loss of 

motion, crepitus, joint effusion, and joint malalignment2.  

 Patients very often have articular cartilage loss and osteophyte formation in 

the absence of any clinical symptoms thus making diagnosis difficult4. Because 

many of the changes to the joint occur as a part of the normal aging process, it was 

previously thought that OA was an “old age” disease. However, not all elderly 

individuals develop OA and individuals are often diagnosed with OA at young 

ages5,6.  

 Although the cause of OA is currently unknown, several factors such as 

obesity, high impact loading, repetitive loading, history of knee injury, and joint 

misalignment have all been linked to the development of the disease2,6,7. In part, 

because these factors impact the mechanics of the joint, researchers have 

investigated mechanical mechanisms for underlying etiology, disease progression, 

ultimately treatment of the disease.   
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Analysis of Gait in Patients with Tibiofemoral OA 

To characterize alterations in function and pain associated with tibiofemoral 

OA, researchers have conducted gait analysis studies to document differences in the 

lower extremity joint kinetics and kinematics between individuals with and without 

knee OA.  Studies suggest that walking patterns are adversely affected by lower 

extremity joint disease8,9,10. Stauffer et al.8 compared the knee joint kinematics and 

kinetics of 29 healthy controls to 65 patients with knee OA and 30 patients with 

rheumatoid arthritis. The study found decreases in ROM and lower peak ground 

reaction forces in the affected limb in subjects with OA. Brinkmann and Perry10 also 

reported decreased knee flexion as well as slower extension velocities and limited 

knee ROM in a group of 20 subjects with tibiofemoral OA. Although these studies 

document differences associated with OA, the researches did not control variables 

such as age, gender, walking speed, and footwear. Therefore, subjects with knee OA, 

tended to be significantly older than the healthy controls, walked at much slower 

self-selected speeds, and were also allowed to use walking aids. These factors 

confound the results making it difficult to attribute these findings to OA pathology.  

Messier et al.11 investigated differences in gait mechanics in a group of 15 

individuals with knee OA and compared them to an age, sex, and weight matched 

control. The authors also constrained walking speed. They found that on average, 

patients with knee OA tended to ambulate with decreased ROM and had lower knee 

angular velocities. In addition, they found an increase in the ground reaction force 

loading rates on the unaffected side compared to the healthy controls. In a similar 

study, Al-Zahrani et al.12 reported that patients with knee OA ambulated at a reduced 
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velocity with a decreased stride length and had a more prolonged stance phase 

than subjects without knee OA. In their kinetic analysis, the peak knee extensor 

moments were greater than that of an age and sex matched healthy control.    

Gök et al.13 collected data from 13 patients with tibiofemoral OA and 13 age, 

weight and height matched normal controls. They reported a significant reduction in 

walking velocity, cadence, and stride length. In addition, Gök et al.13 reported 

significant differences in knee kinetics. The patients with knee OA had significantly 

greater extensor moments in the loading response phase of gait as well as 

significantly higher knee adduction moments during stance.    

 

Analysis of Knee Adduction Moment  

Biomechanical analyses of gait in subjects without knee OA indicate that 

estimates of medial compartment joint forces are significantly greater than lateral 

compartment joint forces14,15.  In patients with knee OA, medial tibiofemoral joint 

forces are even higher than those of healthy controls15.  Harrington et al.15 compared 

the results of static radiographs versus dynamic gait assessment in the determination 

of medial tibiofemoral joint forces. Using a simple biomechanical model that utilized 

the joint reaction forces and accounted for muscle and ligament forces, the authors 

were able to estimate medial knee compression force during quiet standing and 

dynamic gait. They found significantly higher medial tibiofemoral joint compression 

forces during the stance phase of gait. In addition, the authors suggested that static 

measures were not adequate to estimate loading in the knee joint.  
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The increased medial tibiofemoral joint loading is the result of an external 

knee adduction joint moment present throughout the majority of the stance phase of 

gait9,15,16. This increased loading on the medial aspect of the tibiofemoral joint helps 

to explain why OA affects the medial compartment nearly 10 times more often than 

the lateral compartment15.   

Because internal knee joint forces are difficult to measure, gait analysis 

studies use an inverse dynamics approach to estimate joint loading during dynamic 

activities.  Through biomechanical joint modeling, studies have validated the knee 

adduction moment as a reliable estimate of medial tibiofemoral joint 

loading14,17,18,20,21. Schlippen et al.14 developed a knee joint model demonstrating that 

the medial knee joint compression forces are off-set either by the lateral joint soft 

tissue or the dynamic stability provided by the muscles. Using either radiography or 

dual energy X-ray absorptiometry, studies have correlated the knee adduction 

moment with an increase in medial tibial plateau bone content. Hurwitz et al.17 

documented that the single best predictor of medial-lateral ratio of proximal bone 

mineral content in healthy individuals was the knee adduction moment.  In a similar 

study, Sharma et al.18 reported that in 54 patients with medial knee OA, the 

adduction moment correlated with knee severity, based on the Kellgren-Lawrence 

scale19. Using an MRI, Jackson et al.20 reported a moderate correlation (r=0.63, 

p<0.005) between bone size and the knee adduction moment in women without 

tibiofemoral OA. In a later study (2002), Hurwitz et al.21 found that in individuals 

with tibiofemoral OA, the radiographic measures of OA severity in the medial 

compartment were predictive of the peak knee adduction joint moment.    
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Based on a recent literature search, gait analysis studies of patients with 

medial knee compartment OA show that peak external knee adduction moments are 

significantly greater than that of subjects without knee OA8,9,22.  In subjects without 

knee OA, there is an external knee adduction joint moment throughout the stance 

phase of gait with two clearly defined peaks9,22.   In subjects with knee OA, 

significantly higher joint moments are found at both peaks, suggesting an increase in 

the magnitude of the medial joint loads9.  

Because an increase in medial knee joint loading is thought to increase 

disease progression, researches have conducted studies to determine if these forces 

and moments are higher in patients with tibiofemoral OA. Kaufmann et al.16 

conducted a study with 139 adults with knee OA (mean age 57±12.5 years) and 

compared them to a group of 20 young controls (mean age 30±8 years) without knee 

OA.  The authors found patients with knee OA had significantly less knee ROM 

during level walking. After co-varying for walking speed, the researchers observed a 

decrease in the peak knee extension and adduction moment in patients with knee OA 

compared to the healthy controls. These findings contradict the hypothesis that 

patients with knee OA have heightened knee adduction moments. However, the 

researchers did not distinguish between medial and lateral knee OA in their analysis. 

It is probable the patients with lateral knee OA would have a much different 

tibiofemoral force distribution compared to subjects with medial knee OA. Subjects 

with lateral knee OA likely have a greater knee abduction moment thus increasing 

the lateral knee joint forces.  
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Baliunas et al.9 conducted a similar gait analysis study except they chose 

controls without knee involvement that had comparable age, height, and mass to the 

individuals with tibiofemoral OA. In addition, the researchers only included subjects 

with medial knee OA. Prior to data collection, the study had a 2 week washout 

period during which subjects refrained from using pain medication.  The authors 

reported that patients with tibiofemoral OA have significantly greater peak knee 

adduction moments compared to a matched control during level walking. 

Mundermann et al.23 investigated the effects of walking speed on the knee adduction 

moment in patients with tibiofemoral OA. They found that walking speed only 

explained 8.9% of the variation in the maximum knee adduction moment while the 

severity of the disease altered the adduction moment-walking speed relationship.  

Recently (2004), Amin et al.24 studied 132 community dwelling elders 

longitudinally for 5 years (1994 to 1999). Of the 132 original subjects, 118 were 

evaluated again in 1999.  Using a questionnaire, the authors were able to divide the 

subjects into two groups at follow-up: (a) individuals who developed chronic knee 

pain and (b) individuals who remained pain-free. Of those who developed chronic 

knee pain, body mass index was slightly higher (28.0 kg/m2) than those without knee 

pain (25.6 kg/m2). When the researchers compared the mean adduction moment at 

baseline of the two groups, they found that baseline mean adduction moments were 

higher during level walking and stair descent in those who were destined to develop 

chronic knee pain compared to those without pain. These findings strongly support 

the hypothesis that biomechanical factors play an important role in the development 

and progression of tibiofemoral OA.  
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Stair Climbing  

Stair descent is an activity of daily living that increases loading on the 

tibiofemoral joint25 and frequently cause pain in knee OA patients26.  Studies have 

shown that tibiofemoral joint loads are significantly higher during stair descent than 

during normal walking25.  In fact, one of the first symptoms OA patients often report 

is pain during the use of stairs.  Several early studies investigated the reliability of 

instrumenting a force plate with a step27,28. Yu et al.28 documented that it was 

possible to instrument a step with minimal errors in the center of pressure 

calculation.  Andriacchi et al.25 performed a sagittal plane analysis and found 

significantly greater knee extension moments during stair descent compared to 

ascent. As previously discussed, Amin et al.24 reported increased knee adduction 

moments during stair descent in patients who developed knee OA. Kaufman et al.16 

reported finding lower knee moments explained as a compensation for pain. Kowalk 

et al.29 investigated the knee adduction moments in 10 normal subjects during stair 

climbing. They reported higher external knee extension moments during stair descent 

compared to stair ascent while the knee abduction moment was unchanged.   Few 

studies have investigated changes in tibiofemoral joint loading during stair activities 

in patients with knee OA that occur as the result of a treatment intervention. Future 

intervention studies that utilize stair climbing as an outcome would be extremely 

beneficial.  
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Orthotics 

In order to reduce the medial joint loading in patients with medial 

compartment tibiofemoral OA, clinicians utilize surgical techniques such as high 

tibial osteotomy30,31 or more conservative approaches such as bracing32,33 or shoe 

orthotics18. Although often effective, high tibial osteotomy is not without 

complications and the outcomes are permanent33.  Therefore, prior to performing 

surgery, more conservative treatments are often considered. Bracing has been shown 

to effectively reduce the medial loading on the tibiofemoral joint but researchers 

report that patients find the brace cumbersome and typically only use it during high 

levels of physical activity32,33.  Given the prevalence and disability that is associated 

with medial compartment tibiofemoral OA, it would appear beneficial to health care 

providers to determine the efficacy of lateral heel wedge orthotics for improving 

function and decreasing pain in this condition34. 

As previously discussed, the initiation and progression of medial 

compartment tibiofemoral OA has been associated with an increase in medial knee 

joint loading brought about by variety of factors such as heightened ground reaction 

forces, varus malalignment deformity, and obesity1,7. A decline in muscle strength 

may also increase the risk and/or progression of the disease. As the surrounding knee 

joint muscles weaken, the shock absorbing capacity of the quadriceps may be 

lessened thus increasing the compressive forces crossing the joint causing greater 

pain and ultimately increasing dysfunction of the joint34. It has been hypothesized 

that reducing the abnormal compressive forces or correcting the varus alignment 

might minimize or retard disease progression34.  
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Lateral wedge orthotics are designed to alter the loading at the 

tibiofemoral joint by changing the kinematics and kinetics at the ankle either through 

a dissipation of the ground reaction forces or an adjustment in the location of the 

center of pressure. Moving the center of pressure laterally reduces the moment arm 

at the knee, thereby, lowering the medial tibiofemoral joint moment and dissipating 

the medial tibiofemoral joint compression forces.   

 Although investigations into the efficacy of lateral wedge orthotics date back 

to the early 1980s, the specific mechanism by which they function is currently 

unknown. In addition, many questions are currently unanswered such as the 

following: (a) “what is the optimal angle of posting?”, (b) “Are the effects immediate 

or do they improve over time?”, and (c) “which patients will benefit the most from 

orthotics?”. Current research continues to build upon previous clinical studies to 

ascertain if orthotics are truly efficacious for patients with tibiofemoral OA.  

  

Clinical Studies of Lateral Heel Wedge Orthotics 

 Sasaki and Yasuda35 were some of the first researchers to investigate 

orthotics use in patients with tibiofemoral OA. They tested the clinical significance 

of orthotics in 149 patients with medial tibiofemoral OA. Using a rating system for 

pain and walking ability, the study compared patients who used a lateral 5° wedge 

insole along with pain medication (N=102) with patients who only used pain 

medication (N=49). The study found that patients wearing the heel wedge insoles 

had significantly improved functional outcomes compared to the patients who were 

treated solely with pain medication at a one year follow-up. In fact, 64% of the 
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patients had discontinued the orthotic use because their pain had subsided. The 

authors also noted that, after stratifying for radiographic stage, the lateral heel wedge 

insole was significantly more effective for patients in radiographic disease stage I-III 

and ineffective for patients in stage IV. 

 In a companion study, the researchers tested the mechanics of a lateral 5° 

wedge insole on the osteoarthritic knee36. While standing on one leg on top of a 

wedged sole board, the change in femoro-tibial angle, the tibio-calcaneal angle, the 

spatial position of the entire limb were measure using force transducers and 

radiographs. The spatial position of the limb was defined as “the mechanical axis of 

the lower limb near an upright position”36. These findings noted a significant change 

in the spatial position of the lower limb and the calcaneus joint angle. Using a 

biomechanical model based on measurement from the radiographs, the researchers 

calculated the medial and lateral joint reaction forces and reported a significant 

reduction in the medial tibiofemoral joint compartment forces as a result of wearing 

a lateral heel wedge insole.  

  In a study conducted by Wolfe and Brueckmann37, 55 volunteers with 

tibiofemoral OA were given medial or lateral heel wedges based on whether there 

was medial or lateral compartment involvement. The study employed a questionnaire 

to determine change in function during level walking, general pain levels, and 

general activity level. The authors found significant improvements in walking with 

31% of the patients reporting a complete cessation of pain after wearing the wedges 

for one week. In addition, 69% of the patients reported that if they stopped wearing 

the wedges, their pain increased and activity declined. A major drawback in the 
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reporting of the study was the omission of a time-line for follow-up with the 

questionnaire or a description of how long patients wore the wedges prior to an 

improvement in symptoms.   

 Further studies have reported improvements in functional outcomes 

associated with lateral heel wedge orthotics over long-term use. Tohyama et al.38 

divided 62 volunteers with medial tibiofemoral OA into two groups: (a) heel wedge 

and analgesic (N=49) and (b) analgesic alone (N=13). The individuals were followed 

from 7 years and 5 months to 12 years using questionnaire and radiographic 

measures. The authors reported a significant improvement in pain and walking score 

at the second follow up. There was no significant change in any radiographic 

measures. Tohyama et al.38 determined that a lateral heel wedge orthotic effectively 

reduces pain but does not impact the progression of the osteoarthritis. However, the 

researchers only measured tibiofemoral joint angle as an indicator of osteoarthritis 

rather than adhering to the more sensitive Kellgren-Lawrence scale19.   

In a similar study, Keating et al.39 used lateral heel wedges in the treatment of 

85 volunteers with tibiofemoral OA. The authors improved upon the scoring system 

utilized in previous clinical studies by incorporating a standardized scoring system 

used in patients recovering from total knee arthroplasty, the Hospital for Special 

Surgery (HPSS) knee scoring system.  The study followed patients for a period of 4 

to 24 months (mean, 12.7 months). The authors report that 38% of the patients 

improved to a score of 25-30, corresponding to an excellent result from total knee 

arthroplasty. Similar to previous studies, they demonstrated that heel wedges were 

most effective in patients with mild to moderate tibiofemoral OA. However, the 
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authors do not comment on analgesic use throughout the study period thus 

bringing the clinical significance into question.   

The most recent study investigating the effect of heel wedge orthotics on pain 

and function in individuals with medial compartment tibiofemoral OA was 

conducted by Pham et al40. Using a 24 month prospective randomized controlled 

design, the study recorded the WOMAC index scores and analgesic use of 156 

patients divided into 2 groups, lateral wedges (N=82) and neutral insert (N=74). The 

authors reported no significant differences in the WOMAC subscales of pain, 

stiffness, and function. Although there was a trend toward reduced NSAID use in the 

lateral heel wedges, the results were not significant. The authors determined that 

lateral heel wedges were not different from a neutral insole in the treatment of 

medial compartment tibiofemoral OA.   

Although the study design was well conceived, Pham et al.40 incorporated a 

few potentially confounding influences. More definitive effects might have been 

observed had more objective measures been employed or a true control group used.  

Although the data was collected, the authors did not report the Kellgren-Lawrence 

scale of the subjects. If the individuals with pathology were in a moderate to severe 

stage of OA, the results would support those of previous studies since lateral heel 

wedge orthotics have been found to be most effective in cases of mild to moderate 

tibiofemoral OA. 
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Biomechanical Assessment of Lateral Heel Wedge Orthotics 

 Recently, to determine the effect of lateral heel wedge orthotics on medial 

compartment tibiofemoral joint loading, researches have conducted biomechanical 

assessments. Ogata et al.41 investigated the lateral knee thrust in patients with 

unicompartmental OA using static standing radiographs and a unidirectional 

accelerometer during ambulation. They found that, in patients with grade II medial 

tibiofemoral OA, the use of a lateral heel wedge insole reduced the peak valgus 

thrust by 27% with a corresponding decline in pain of 59%. The authors concluded 

that the decline in pain was attributed to the reduced peak acceleration during 

ambulation. In a similar gait study using a force plate analysis, Giffen et al.42 found a 

significant reduction in medial ground reaction forces in seven patients diagnosed 

with medial knee OA.  

In volunteers without OA, Crenshaw et al.43 performed a single day repeated 

measures design using a motion analysis system and force plate. Seventeen young 

(mean age 27.7± 6.5 y/o) individuals ambulated with and without a lateral heel 

wedge angled at 5° along the full length of the insole. Subjects were allowed to walk 

at their self selected speed along the 8 meter walkway. The authors reported a 

significantly lower knee adduction moment in the lateral heel wedge condition 

compared to the no wedge condition (0.40 Nm/kg versus 0.49 Nm/kg). 

Using a similar design with volunteers with medial tibiofemoral OA, 

Kerrigan et al.44 found that 5° and 10° lateral heel wedges both reduced the knee 

adduction moment, 6% and 8%, respectively, during dynamic gait.  These authors 

reported that the 10° wedge was uncomfortable for patients and recommended the 5° 
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wedge used for treatment.   More recently, Maly et al.45 found no significant 

differences in the knee adduction moment using a 5° lateral wedge for treatment of 

medial knee OA symptoms.  However, the study had a small sample size (N=9) and 

compared the peak knee adduction moment over the entire gait cycle rather than 

distinguishing between the different phases of gait.       

Recently, Kakihana et al. conducted a study using a cross-over design where 

subjects diagnosed with knee osteoarthritis were compared with a group of healthy 

elders with and without lateral wedge orthotics. They reported a 6° lateral wedge 

significantly reduced the knee adduction joint moment in both groups when 

compared to the no wedge condition. However, there was no interaction between 

groups indicating the lateral wedge was equally effective regardless of the patient’s 

health status.   

 

WOMAC 

 An important treatment outcome that needs to be assessed with any 

intervention is patient function and pain. Because of the necessity of such measures, 

the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC™) 

was developed by Dr Ned Bellamy that standardized the scoring for all OA clinical 

interventions. The WOMAC™ is a self administered disease specific questionnaire 

that consists of 24 questions that can be scored either on a 100 mm VAS or Likert 

scoring system46. The WOMAC™ assess the domains of pain, stiffness, and physical 

function. It has been reported to be more sensitive in detecting disease-specific 

changes associated with OA than the SF-36, a general health measure47.  The 
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WOMAC™ has been documented to be reliable in physical therapy intervention 

studies of the tibiofemoral joint48.  

 

Conclusion 

To date, we have been unable to find a study that evaluated the parameters of 

gait over multiple weeks or months. The equivocal results from the currently 

reviewed studies can be attributed to multiple factors such as differences in the 

degree and type of lateral heel wedge orthotics used in each study, variable walking 

speeds between studies, different data collection techniques, varying subject ages 

and BMI, and diverse data reduction procedures. Further studies are necessary to 

determine the efficacy of lateral heel wedge orthotics using similar well controlled 

randomized studies. In addition, the subjects should be followed over a prolonged 

period of months and years. 
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APPENDIX F: GAIT MODEL 

 
Marker set file 

 
MKR#2 
[Autolabel] 
 
 
SACR Sacral wand marker 
LASI Left ASIS 
LILC Left Iliac Crest 
RASI Right ASIS 
RILC Right Iliac Crest 
 
LGRT Left greater trochanter 
LTHI Left thigh wand marker 
LKNE Left knee 
LFIB Left Fibula 
LTIB Left tibial wand marker 
LANK Left ankle 
LMHL Left medial heel 
LLHL Left Lateral heel 
LTOE Left toe (2nd metatarsel head) 
 
 
RGRT Right greater trochanter 
RTHI Right thigh wand marker 
RKNE Right knee 
RFIB Right Fibula 
RTIB Right tibial wand marker 
RANK Right ankle 
RMHL Right medial heel 
RLHL Right lateral heel 
RTOE Right toe (2nd metatarsel head) 
 
 
 
# Displayed after the model has run 
RHJC Right hip joint centre output 
RKJC  Right knee joint centre output 
RAJC  Right ankle joint centre 
LHJC  Left hip joint centre output 
LKJC  Left knee joint centre output 
LAJC  Left ankle joint centre output 
 
LFFT Right forefoot 
LRFT Right rearfoot 
 
RFFT Right forefoot 
RRFT Right rearfoot 
 
RHJC,LHJC 
RHJC,RKJC 
RKJC,RAJC 
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LHJC,LKJC 
LKJC,LAJC 
 
LASI,LTHI,LKNE 
RASI,RTHI,RKNE 
LILC,LGRT 
RILC,RGRT 
 
LFFT,LRFT 
RFFT,RRFT 
 
Pelvis = LASI,LILC,SACR,RILC,RASI 
 
LeftUpperLeg = LGRT,LTHI,LKNE 
LeftLowerLeg = LKNE,LFIB,LTIB,LANK 
LeftFoot = LANK,LLHL,LMHL,LTOE 
 
RightUpperLeg = RGRT,RTHI,RKNE 
RightLowerLeg = RKNE,RFIB,RTIB,RANK 
RightFoot = RANK,RLHL,RMHL,RTOE 
 
 
Pelvis,LeftUpperLeg 
Pelvis,RightUpperLeg 
 
 
 
[Angles] 
 
LPelvisAngles Pelvis relative to Global/Body axes (Left) 
RPelvisAngles Pelvis relative to Global/Body axes (Right) 
LFootProgressAngles Left Foot relative to Global/Body axes 
RFootProgressAngles Right Foot relative to Global/Body axes 
LHipAngles Left Hip Rotation 
RHipAngles Right Hip Rotation 
LKneeAngles Left Knee Rotation 
RKneeAngles Right Knee Rotation 
LAnkleAngles Left Ankle Rotation 
RAnkleAngles Right Ankle Rotation 
 
 
[Forces] 
LHipForce Left Hip Resultant Force 
RHipForce Right Hip Resultant Force 
LKneeForce Left Knee Resultant Force 
RKneeForce Right Knee Resultant Force 
LAnkleForce Left Ankle Resultant Force 
RAnkleForce Right Ankle Resultant Force 
LWaistForce 
RWaistForce 
 
 
 
[Moments] 
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LHipMoment Left Hip Resultant Moment 
RHipMoment Right Hip Resultant Moment 
LKneeMoment Left Knee Resultant Moment 
RKneeMoment Right Knee Resultant Moment 
LAnkleMoment Left Ankle Resultant Moment 
RAnkleMoment Right Ankle Resultant Moment 
LWaistMoment 
RWaistMoment 
[Powers] 
LHipPower Left Hip Power 
RHipPower Right Hip Power 
LKneePower Left Knee Power 
RKneePower Right Knee Power 
LAnklePower Left Ankle Power 
RAnklePower Right Ankle Power 
LWaistPower 
RWaistPower 
 
[Bones] 
PELO 
PELP 
PELA 
PELL 
RFEO 
RFEP 
RFEA 
RFEL 
LFEO 
LFEP 
LFEA 
LFEL 
RTIO 
RTIP 
RTIA 
RTIL 
LTIO 
LTIP 
LTIA 
LTIL 
RFOO 
RFOP 
RFOA 
RFOL 
LFOO 
LFOP 
LFOA 
LFOL 
 
PELO,PELA,PELL,PELP 
LFEO,LFEA,LFEL,LFEP 
LTIO,LTIA,LTIL,LTIP 
LFOO,LFOA,LFOL,LFOP 
RFEO,RFEA,RFEL,RFEP 
RTIO,RTIA,RTIL,RTIP 
RFOO,RFOA,RFOL,RFOP 
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APPENDIX F: GAIT MODEL (continued) 

 
Models Parameter File 

 
{*For use with orthotic.mod, orthotic.mkr*} 
 
{*All distance measurements in mm*} 
 
 
$Markerset = 2 
{*Markerset 2= no fibula marker*} 
 
$MarkerDiameter = 15 
 
$CollarWidth = 18 
$LAnkleWidth = 0 
$RAnkleWidth = 0 
 
$LKneeWidth = 0 
$RKneeWidth = 0 
 
$Height = 0 
$BodyMass = 0  
  
$FootLength = 0 
$heeldistance = 0 
 
$ShoeMass = 0 
$gender = 0 
$Deadband = 10 
 
{*Static Trial Parameters*} 
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APPENDIX F: GAIT MODEL (continued) 

 
Bodybuilder Model 

 
{*VICON BodyLanguage (tm) model*} 
{*copyright 1995-1999 Oxford Metrics Ltd*} 
 
{*issued: November 1999*} 
{*modified: October 2005*} 
{*Model orthotic.MOD*} 
{*Use only with BodyBuilder V. 3.53 or later*} 
{*Use only with orthotic.mp parameters and orthotic.mkr*} 
 
{*This file is supplied to illustrate the normal operation of 
BodyLanguage. 
Oxford Metrics and Vicon Motion Systems accept no responsibility for 
its 
correct operation*} 
 
{*$MarkerDiameter = 15 already in parameter file*} 
 
{*Start of macro section*} 
{*======================*} 
macro REPLACE4(p1,p2,p3,p4) 
{*Replaces any point missing from set of four fixed in a segment*} 
s234 = [p3,p2-p3,p3-p4] 
p1V = Average(p1/s234)*s234 
s341 = [p4,p3-p4,p4-p1] 
p2V = Average(p2/s341)*s341 
s412 = [p1,p4-p1,p1-p2] 
p3V = Average(p3/s412)*s412 
s123 = [p2,p1-p2,p2-p3] 
p4V = Average(p4/s123)*s123 
{* Now only replaces if original is missing *} 
p1 = p1 ? p1V 
p2 = p2 ? p2V 
p3 = p3 ? p3V 
p4 = p4 ? p4V 
endmacro 
 
macro REPLACE5(p1,p2,p3,p4,p5) 
{*Replaces any point missing from set of five fixed in a segment*} 
 
{*SECTION FOR INITIALISATION OF VIRTUAL POINTS*} 
{*REPLACE4*} 
s123 = [p2,p1-p2,p2-p3] 
p4V1 = Average(p4/s123)*s123 
s124 = [p2,p1-p2,p2-p4] 
p3V1 = Average(p3/s124)*s124 
s134 = [p3,p1-p3,p3-p4] 
p2V1 = Average(p2/s134)*s134 
s234 = [p3,p2-p3,p3-p4] 
p1V1 = Average(p1/s234)*s234 
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{*Addition required for REPLACE5*} 
s123 = [p2,p1-p2,p2-p3] 
p5V1 = Average(p5/s123)*s123 
s124 = [p2,p1-p2,p2-p4] 
p5V2 = Average(p5/s124)*s124 
s125 = [p2,p1-p2,p2-p5] 
p3V2 = Average(p3/s125)*s125 
p4V2 = Average(p4/s125)*s125 
s134 = [p3,p1-p3,p3-p4] 
p5V3 = Average(p5/s134)*s134 
s135 = [p3,p1-p3,p3-p5] 
p2V2 = Average(p2/s135)*s135 
p4V3 = Average(p4/s135)*s135 
s145 = [p4,p1-p4,p4-p5] 
p2V3 = Average(p2/s145)*s145 
p3V3 = Average(p3/s145)*s145 
s234 = [p3,p2-p3,p3-p4] 
p5V4 = Average(p5/s234)*s234 
s235 = [p3,p2-p3,p3-p5] 
p1V2 = Average(p1/s235)*s235 
p4V4 = Average(p4/s235)*s235 
s245 = [p4,p2-p4,p4-p5] 
p1V3 = Average(p1/s245)*s245 
p3V4 = Average(p3/s245)*s245 
s345 = [p4,p3-p4,p4-p5] 
p1V4 = Average(p1/s345)*s345 
p2V4 = Average(p2/s345)*s345 
 
{*SECTION FOR SPECIFICATION OF VIRTUAL POINTS*} 
p1 = p1 ? p1V1 ? p1V2 ? p1V3 ? p1V4 
p2 = p2 ? p2V1 ? p2V2 ? p2V3 ? p2V4 
p3 = p3 ? p3V1 ? p3V2 ? p3V3 ? p3V4 
p3 = p3 ? p3V1 ? p3V2 ? p3V3 ? p3V4 
p4 = p4 ? p4V1 ? p4V2 ? p4V3 ? p4V4 
p5 = p5 ? p5V1 ? p5V2 ? p5V3 ? p5V4 
 
endmacro 
 
 
macro FORCEVECTOR(FP) 
If ExistAtAll( FP ) 
 F_#FP = FP(1) 
 M_#FP = FP(2) 
 C_#FP = FP(3) 
 if ( ABS ( F_#FP ) > 10 ) 
  P_#FP = C_#FP + { -M_#FP(2)/F_#FP(3), M_#FP(1)/F_#FP(3), 
-C_#FP(3) } 
 else  
  P_#FP = C_#FP 
 endif 
 F_#FP = F_#FP + P_#FP 
 OUTPUT ( P_#FP, F_#FP )  
EndIf 
endmacro 
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{*End of macro section*} 
{*====================*} 
 
 
{*Initialisations*} 
{*===============*} 
 
{*Define optional marker points*} 
OptionalPoints(RASI,LASI,LILC,RILC,SACR,RGRT,LGRT) 
OptionalPoints(LTOE,LANK,LMHL,LLHL,LTIB,LFIB,LKNE,LTHI) 
OptionalPoints(RTOE,RANK,RMHL,RLHL,RTIB,RFIB,RKNE,RTHI) 
 
 
{*Set Deadband, except for static trials*} 
If $Static<>1 Deadband = $Deadband EndIf 
 
Gorigin = {0,0,0} 
Global = [Gorigin,{1,0,0},{0,0,1},xyz] 
 
 
{*KINEMATICS*} 
{*==========*} 
 
 
 
REPLACE5(SACR,LASI,RASI,LILC,RILC) 
 
PELF = (LASI+RASI)/2 
 
Pelvis = [PELF,LASI-RASI,PELF-SACR,yzx] 
 
If $Static == 1 Then 
 PelvisAnat = [PELF,{1(LASI-RASI),2(LASI-RASI),0},PELF-
SACR,yzx] 
 $PelvisOffset = -<Pelvis,PelvisAnat,xyz> 
 $HJCOffset = {0,8,28}/Attitude(PelvisAnat) 
 PARAM ($PelvisOffset,$HJCOffset) 
 $PW = DIST(RASI,LASI) 
 PARAM ($PW) 
EndIf 
 
Pelvis = ROT(Pelvis,1(Pelvis),$PelvisOffset(1)) 
Pelvis = ROT(Pelvis,2(Pelvis),$PelvisOffset(2)) 
Pelvis = ROT(Pelvis,3(Pelvis),$PelvisOffset(3)) 
 
 
{*LHJC = LGRT + $HJCOffset*Pelvis + 2((LASI-
LGRT)/Attitude(Pelvis))*Pelvis - 0.14*$PW*2(Pelvis)*} 
{*RHJC = RGRT + $HJCOffset*Pelvis + 2((RASI-
RGRT)/Attitude(Pelvis))*Pelvis + 0.14*$PW*2(Pelvis)*} 
LHJC = LGRT + $HJCOffset*Attitude(Pelvis)+COMP(LASI-
LGRT,2(Pelvis))*2(Pelvis) - 0.14*$PW*2(Pelvis) 
RHJC = RGRT + $HJCOffset*Attitude(Pelvis)+COMP(RASI-
RGRT,2(Pelvis))*2(Pelvis) + 0.14*$PW*2(Pelvis) 
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PELO = {0,0,0}*Pelvis 
PELA = {100,0,0}*Pelvis 
PELL = {0,100,0}*Pelvis 
PELP = {0,0,100}*Pelvis 
 
OUTPUT(LHJC,RHJC) 
OUTPUT(PELO,PELA,PELL,PELP) 
 
LKneeOS = ($MarkerDiameter+$LKneeWidth)/2 
LAnkleOS = ($MarkerDiameter+$LAnkleWidth)/2 
RKneeOS = ($MarkerDiameter+$RKneeWidth)/2 
RAnkleOS = ($MarkerDiameter+$RAnkleWidth)/2 
 
 
 
{*Tibia*} 
{*======*} 
If $Markerset==2 then 
 
 RTibia = [RANK,RKNE-RANK,RANK-RTIB,zxy] 
 LTibia = [LANK,LKNE-LANK,LTIB-LANK,zxy] 
 
 mm = $MarkerDiameter/2 
 mb = $MarkerDiameter/2+2 {* Account for 2mm black plastic 
piece *} 
 
  If $Static == 1 Then 
  
  RKJC = RKNE + {-RKneeOS,0,0} 
  $RKJCOffset = (RKJC - RKNE)/Attitude(RTibia) 
  PARAM ($RKJCOffset) 
  RAJC = RANK + {-(mb+0.921*$RAnkleWidth/2), 
     (8 + 0.921*$RAnkleWidth/2*tan(21)), 
     -mm - 3 + 0.921*$RAnkleWidth/2*tan(10)} 
  $RAJCOffset = (RAJC-RANK)/Attitude(RTibia) 
  PARAM ($RAJCOffset) 
 
  LKJC = LKNE + {LKneeOS,0,0} 
  $LKJCOffset = (LKJC -LKNE)/Attitude(LTibia) 
  PARAM ($LKJCOffset) 
  LAJC = LANK + {(mb+0.921*$LAnkleWidth/2), 
     (8 + 0.921*$LAnkleWidth/2*tan(21)), 
     -mm - 3 + 0.921*$LAnkleWidth/2*tan(10)} 
  $LAJCOffset = (LAJC-LANK)/Attitude(LTibia) 
  PARAM ($LAJCOffset) 
  EndIf 
 
 
  RKJC = RKNE + $RKJCOffset*Attitude(RTibia) 
  LKJC = LKNE + $LKJCOffset*Attitude(LTibia) 
 
ELSE 
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 RTibia = [RANK,RFIB-RANK,RANK-RTIB,zxy] 
 LTibia = [LANK,LFIB-LANK,LTIB-LANK,zxy] 
 
 mm = $MarkerDiameter/2 
 mb = $MarkerDiameter/2+2 {* Account for 2mm black plastic 
piece *} 
 
 
 If $Static == 1 Then 
  
 RKJC = RKNE + {-RKneeOS,0,0} 
 $RKJCOffset = (RKJC - RFIB)/Attitude(RTibia) 
 PARAM ($RKJCOffset) 
 RAJC = RANK + {-(mb+0.921*$RAnkleWidth/2), 
     (8 + 0.921*$RAnkleWidth/2*tan(21)), 
     -mm - 3 + 0.921*$RAnkleWidth/2*tan(10)} 
 $RAJCOffset = (RAJC-RANK)/Attitude(RTibia) 
 PARAM ($RAJCOffset) 
 
 LKJC = LKNE + {LKneeOS,0,0} 
 $LKJCOffset = (LKJC -LFIB)/Attitude(LTibia) 
 PARAM ($LKJCOffset) 
 LAJC = LANK + {(mb+0.921*$LAnkleWidth/2), 
     (8 + 0.921*$LAnkleWidth/2*tan(21)), 
     -mm - 3 + 0.921*$LAnkleWidth/2*tan(10)} 
 $LAJCOffset = (LAJC-LANK)/Attitude(LTibia) 
 PARAM ($LAJCOffset) 
 EndIf 
 
 
RKJC = RFIB + $RKJCOffset*Attitude(RTibia) 
LKJC = LFIB + $LKJCOffset*Attitude(LTibia) 
 
EndIf 
  
RAJC = RANK + $RAJCOffset*Attitude(RTibia) 
LAJC = LANK + $LAJCOffset*Attitude(LTibia) 
 
RTibia = [RAJC,RKJC-RAJC,RAJC-RTIB,zxy] 
LTibia = [LAJC,LKJC-LAJC,LTIB-LAJC,zxy] 
 
 
If $Static == 1 Then 
     LTibiaAnat=[LAJC,LKJC-LAJC,-2(Global),zyx] 
     LTibiaRotation = -<LTibia,LTibiaAnat,zxy> 
     $LShankRotation=1(LTibiaRotation) 
     PARAM($LShankRotation) 
 
     RTibiaAnat=[RAJC,RKJC-RAJC,-2(Global),zyx] 
     RTibiaRotation = -<RTibia,RTibiaAnat,zxy> 
     $RShankRotation=1(RTibiaRotation) 
     PARAM($RShankRotation) 
EndIf 
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LTibia = ROT(LTibia,3(LTibia),$LShankRotation) 
RTibia = ROT(RTibia,3(RTibia),$RShankRotation) 
 
LTIO = {0,0,0}*LTibia 
LTIA = {100,0,0}*LTibia 
LTIL = {0,100,0}*LTibia 
LTIP = {0,0,100}*LTibia 
 
RTIO = {0,0,0}*RTibia 
RTIA = {100,0,0}*RTibia 
RTIL = {0,100,0}*RTibia 
RTIP = {0,0,100}*RTibia 
 
OUTPUT(LKJC,RKJC) 
OUTPUT(LTIO,LTIA,LTIL,LTIP) 
OUTPUT(RTIO,RTIA,RTIL,RTIP) 
 
{*Femura*} 
{*======*} 
 
LFemur=[LKJC,LHJC-LKJC,LTHI-LKJC,zxy] 
RFemur=[RKJC,RHJC-RKJC,RKJC-RTHI,zxy] 
 
If $Static == 1 Then 
    LFemurAnat=[LKJC,LHJC-LKJC,-2(Global),zyx] 
    LFemurRotation= -<LFemur,LFemurAnat,zxy> 
    $LThighRotation=1(LFemurRotation) 
    PARAM($LThighRotation) 
 
    RFemurAnat=[RKJC,RHJC-RKJC,-2(Global),zyx] 
    RFemurRotation= -<RFemur,RFemurAnat,zxy> 
    $RThighRotation=1(RFemurRotation) 
    PARAM($RThighRotation) 
EndIf 
 
LFemur=ROT(LFemur,3(LFemur),$LThighRotation) 
RFemur=ROT(RFemur,3(RFemur),$RThighRotation) 
 
LFEO = {0, 0, 0}*LFemur 
LFEA = {100, 0, 0}*LFemur 
LFEL = {0, 100, 0}*LFemur 
LFEP = {0, 0, 100}*LFemur 
 
RFEO = {0, 0, 0}*RFemur 
RFEA = {100, 0, 0}*RFemur 
RFEL = {0, 100, 0}*RFemur 
RFEP = {0, 0, 100}*RFemur 
 
OUTPUT(LFEO,LFEA,LFEL,LFEP) 
OUTPUT(RFEO,RFEA,RFEL,RFEP) 
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{*Foot (and Toes) Segments*} 
{*========================*} 
 
 
LHEE = (LMHL+LLHL)/2 
RHEE = (RMHL+RLHL)/2 
 
LFoot = [LTOE,LHEE-LTOE,LLHL-LMHL,zxy] 
RFoot = [RTOE,RHEE-RTOE,RMHL-RLHL,zxy] 
 
If $Static==1 Then 
 
 a = DIST(RMHL,RLHL)/2-mb 
 b = 1.273*$heeldistance-a 
   
     LRFT = {1(LAJC),2(LHEE)-b,3(Gorigin)} 
     $LRFTOffset = (LRFT-LHEE)/Attitude(LFoot) 
     PARAM($LRFTOffset) 
 
     RRFT = {1(RAJC),2(RHEE)-b,3(Gorigin)} 
     $RRFTOffset = (RRFT-RHEE)/Attitude(RFoot) 
     PARAM($RRFTOffset) 
 
    LFFT = LRFT + {0,$FootLength,0} 
    $LFFTOffset = (LFFT-LTOE)/Attitude(LFoot) 
    PARAM($LFFTOffset) 
 
     RFFT = RRFT + {0,$FootLength,0} 
     $RFFTOffset = (RFFT-RTOE)/Attitude(RFoot) 
     PARAM($RFFTOffset) 
EndIf 
 
 
LRFT = LHEE + $LRFTOffset*Attitude(LFoot) 
RRFT = RHEE + $RRFTOffset*Attitude(RFoot) 
 
LFFT = LTOE + $LFFTOffset*Attitude(LFoot) 
RFFT = RTOE + $RFFTOffset*Attitude(RFoot) 
 
LFoot = [LFFT,LRFT-LFFT,LFFT-LAJC,zyx] 
RFoot = [RFFT,RRFT-RFFT,RFFT-RAJC,zyx] 
 
LFOO = {0, 0, 0}*LFoot 
LFOA = {100, 0, 0}*LFoot 
LFOL = {0, 100, 0}*LFoot 
LFOP = {0, 0, 100}*LFoot 
 
RFOO = {0, 0, 0}*RFoot 
RFOA = {100, 0, 0}*RFoot 
RFOL = {0, 100, 0}*RFoot 
RFOP = {0, 0, 100}*RFoot 
 
OUTPUT(LAJC,LRFT,LFFT) 
OUTPUT(LFOO,LFOA,LFOL,LFOP) 
OUTPUT(RAJC,RRFT,RFFT) 
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OUTPUT(RFOO,RFOA,RFOL,RFOP) 
 
 
 
{*Joint Angles*} 
{*============*} 
{* See Euler Angles document for a detailed explanation *} 
{* of the use of the <> angle function *} 
 
 
{*==============================================================*} 
{* First, find the general progression direction of the subject *} 
{*==============================================================*} 
 
PelvisDirection = AVERAGE( SACR-PELF ) 
If $Static == 1 Then 
 Anatomy = [0(Global),3(Global),PelvisDirection,zyx] 
Else 
 Progress = (PELF[7] + PELF[6] + PELF[5] + PELF[4] + PELF[3] 
      - PELF[-7]- PELF[-6]- PELF[-5]- PELF[-4]- PELF[-3])/5 
 Anatomy = [0(Global),3(Global),-Progress,zyx] 
EndIf 
 
 
Fwd = 3(<Anatomy,Global>) 
{*align to +X*} Anatomy = Global 
 If (Fwd > -135) AND (Fwd <= -45) Then {*align to -Y*} 
  Anatomy = ROT(Anatomy, 3(Anatomy),-90) 
 ElseIf (Fwd > 45) AND (Fwd <= 135) Then {*align to +Y*} 
  Anatomy = ROT(Anatomy, 3(Anatomy),90) 
 ElseIf (Fwd > 135) OR (Fwd <= -135) Then {*align to -X*} 
  Anatomy = ROT(Anatomy, 3(Anatomy),180) 
 EndIf 
 
{*Kinematics*} 
{*Foot Progression: Anatomical Planes >> Feet (VCM)*} 
LPA=-<Anatomy,LFoot,yxz> 
LFootProgressAngles = <-1(LPA)-90,2(LPA),-3(LPA)> 
RPA=-<Anatomy,RFoot,yxz> 
RFootProgressAngles = <-1(RPA)-90,-2(RPA),3(RPA)> 
 
 
 
{*Knees: Femora >> Tibiae (VCM)*} 
LHipAngles = -<Pelvis,LFemur,yxz>(-1) 
RHipAngles = <Pelvis,RFemur,yxz> 
 
LKneeAngles = -<LFemur,LTibia,yxz> 
RKneeAngles = <RFemur,RTibia,yxz>(-1) 
 
LAA = -<LTibia,LFoot,yxz> 
LAnkleAngles = <-90 - 1(LAA),2(LAA),-3(LAA)> 
RAA =-<RTibia,RFoot,yxz> 
RAnkleAngles = <-90 - 1(RAA),-2(RAA),3(RAA)> 
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OUTPUT(LFootProgressAngles,RFootProgressAngles,LHipAngles,RHipAngles
,LAnkleAngles,RAnkleAngles,LKneeAngles,RKneeAngles) 
 
{*Kinetics*} 
{*========*} 
 
{*Kinetics*} 
{*========*} 
 
{*1=male, 2=female*} 
If $gender==1 then 
 
 ThighMass = 0.112*$BodyMass 
 ThighCOM = {0,0,0.6388} 
 LThighCOM = ThighCOM*DIST(LKJC,LHJC) 
 RThighCOM = ThighCOM*DIST(RKJC,RHJC) 
 LThighIxy = 
ThighMass*(0.366*DIST(LKJC,LHJC))*(0.366*DIST(LKJC,LHJC)) 
 RThighIxy = 
ThighMass*(0.366*DIST(RKJC,RHJC))*(0.366*DIST(RKJC,RHJC)) 
 LThighIz = 
ThighMass*(0.162*DIST(LKJC,LHJC))*(0.162*DIST(LKJC,LHJC))  
 RThighIz = 
ThighMass*(0.162*DIST(RKJC,RHJC))*(0.162*DIST(RKJC,RHJC)) 
 
 ShankMass = 0.0441*$BodyMass 
 ShankCOM = {0,0,0.5584} 
 LShankCOM = ShankCOM*DIST(LAJC,LKJC) 
 RShankCOM = ShankCOM*DIST(RAJC,RKJC) 
 LShankIxy = 
ShankMass*(0.269*DIST(LAJC,LKJC))*(0.269*DIST(LAJC,LKJC)) 
 RShankIxy = 
ShankMass*(0.269*DIST(RAJC,RKJC))*(0.269*DIST(RAJC,RKJC)) 
 LShankIz = 
ShankMass*(0.093*DIST(LAJC,LKJC))*(0.093*DIST(LAJC,LKJC)) 
 RShankIz = 
ShankMass*(0.093*DIST(RAJC,RKJC))*(0.093*DIST(RAJC,RKJC)) 
 
 FootMass = 0.0127*$BodyMass+$ShoeMass 
 If $Static == 1 
      LFootCOM = LAJC + {0,0.28*$FootLength*sin(60.36),-
0.28*$FootLength*cos(60.36)} 
      $LFootCOM = (LFootCOM-LFFT)/Attitude(LFoot) 
      PARAM($LFootCOM) 
      RFootCOM = RAJC + {0,0.28*$FootLength*sin(60.36),-
0.28*$FootLength*cos(60.36)} 
      $RFootCOM = (RFootCOM-RFFT)/Attitude(RFoot) 
      PARAM($RFootCOM) 
  EndIf 
 LFootIx = FootMass*(0.279*$FootLength)*(0.279*$FootLength) 
 RFootIx = FootMass*(0.279*$FootLength)*(0.279*$FootLength) 
 LFootIy = FootMass*(0.299*$FootLength)*(0.299*$FootLength) 
 RFootIy = FootMass*(0.299*$FootLength)*(0.299*$FootLength) 
 LFootIz = FootMass*(0.139*$FootLength)*(0.139*$FootLength) 
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 RFootIz = FootMass*(0.139*$FootLength)*(0.139*$FootLength) 
 
 
else 
 ThighMass = 0.112*$BodyMass 
 ThighCOM = {0,0,0.6388} 
 LThighCOM = ThighCOM*DIST(LKJC,LHJC) 
 RThighCOM = ThighCOM*DIST(RKJC,RHJC) 
 LThighIxy = 
ThighMass*(0.366*DIST(LKJC,LHJC))*(0.366*DIST(LKJC,LHJC)) 
 RThighIxy = 
ThighMass*(0.366*DIST(RKJC,RHJC))*(0.366*DIST(RKJC,RHJC)) 
 LThighIz = 
ThighMass*(0.162*DIST(LKJC,LHJC))*(0.162*DIST(LKJC,LHJC))  
 RThighIz = 
ThighMass*(0.162*DIST(RKJC,RHJC))*(0.162*DIST(RKJC,RHJC)) 
 
 ShankMass = 0.0441*$BodyMass 
 ShankCOM = {0,0,0.5584} 
 LShankCOM = ShankCOM*DIST(LAJC,LKJC) 
 RShankCOM = ShankCOM*DIST(RAJC,RKJC) 
 LShankIxy = 
ShankMass*(0.269*DIST(LAJC,LKJC))*(0.269*DIST(LAJC,LKJC)) 
 RShankIxy = 
ShankMass*(0.269*DIST(RAJC,RKJC))*(0.269*DIST(RAJC,RKJC)) 
 LShankIz = 
ShankMass*(0.093*DIST(LAJC,LKJC))*(0.093*DIST(LAJC,LKJC)) 
 RShankIz = 
ShankMass*(0.093*DIST(RAJC,RKJC))*(0.093*DIST(RAJC,RKJC)) 
 
 FootMass = 0.0127*$BodyMass+$ShoeMass 
 If $Static == 1 
      LFootCOM = LAJC + {0,0.28*$FootLength*sin(60.36),-
0.28*$FootLength*cos(60.36)} 
      $LFootCOM = (LFootCOM-LFFT)/Attitude(LFoot) 
      PARAM($LFootCOM) 
      RFootCOM = RAJC + {0,0.28*$FootLength*sin(60.36),-
0.28*$FootLength*cos(60.36)} 
      $RFootCOM = (RFootCOM-RFFT)/Attitude(RFoot) 
      PARAM($RFootCOM) 
  EndIf 
 LFootIx = FootMass*(0.279*$FootLength)*(0.279*$FootLength) 
 RFootIx = FootMass*(0.279*$FootLength)*(0.279*$FootLength) 
 LFootIy = FootMass*(0.299*$FootLength)*(0.299*$FootLength) 
 RFootIy = FootMass*(0.299*$FootLength)*(0.299*$FootLength) 
 LFootIz = FootMass*(0.139*$FootLength)*(0.139*$FootLength) 
 RFootIz = FootMass*(0.139*$FootLength)*(0.139*$FootLength) 
EndIf 
 
 
{*Center of Mass*} 
{*==============*} 
 
LTCM = LThighCOM*LFemur 
LSCM = LShankCOM*LTibia 
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LFCM = $LFootCOM*LFoot 
RTCM = RThighCOM*RFemur 
RSCM = RShankCOM*RTibia 
RFCM = $RFootCOM*RFoot 
 
{*Kinetic Chain*} 
{*=============*} 
 
Pelvis = [Pelvis,0.1247*$BodyMass,{0,0,0},{0,0,0}] 
 
LFemur = 
[LFemur,Pelvis,LHJC,ThighMass,LThighCOM,{LThighIxy,LThighIxy,LThighI
z}] 
RFemur = 
[RFemur,Pelvis,RHJC,ThighMass,RThighCOM,{RThighIxy,RThighIxy,RThighI
z}] 
 
LTibia = 
[LTibia,LFemur,LKJC,ShankMass,LShankCOM,{LShankIxy,LShankIxy,LShankI
z}]  
RTibia = 
[RTibia,RFemur,RKJC,ShankMass,RShankCOM,{RShankIxy,RShankIxy,RShankI
z}] 
 
LFoot = 
[LFoot,LTibia,LAJC,FootMass,$LFootCOM,{LFootIx,LFootIy,LFootIz}] 
RFoot = 
[RFoot,RTibia,RAJC,FootMass,$RFootCOM,{RFootIx,RFootIy,RFootIz}] 
 
 
If $BodyMass <> 0 AND $Static <> 1 Then 
 
{*Force Vectors*} 
{*=============*} 
OptionalReactions(ForcePlate1, ForcePlate2) 
ForceVector(ForcePlate1) 
ForceVector(ForcePlate2) 
 
 
 
{*Decompose Reactions, Mormalise, Adjust Polarities, Recompose, Re-
decompose!*} 
{*==================================================================
=========*} 
 
LHF = 1(REACTION(LFemur)) 
LHM = 2(REACTION(LFemur)) 
LHMPelvis=(LHM*Attitude(LFemur))/Attitude(Pelvis) 
LHipAA=[LHJC,2(Pelvis),-3(LFemur),yxz] 
LHMAA=(LHM*Attitude(LFemur))/Attitude(LHipAA) 
LHM = {2(LHMPelvis),-1(LHMAA),-3(LHM)} 
LFemurR = |LHF,LHM,3(REACTION(LFemur))| 
LHipForce = 1(LFemurR) 
LHipMomentR = 2(LFemurR) 
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RHF = 1(REACTION(RFemur)) 
RHM = 2(REACTION(RFemur)) 
RHMPelvis=(RHM*Attitude(RFemur))/Attitude(Pelvis) 
RHipAA=[RHJC,2(Pelvis),-3(RFemur),yxz] 
RHMAA=(RHM*Attitude(RFemur))/Attitude(RHipAA) 
RHM = {2(RHMPelvis),1(RHMAA),3(RHM)} 
RFemurR = |RHF,RHM,3(REACTION(RFemur))| 
RHipForce = 1(RFemurR) 
RHipMomentR = 2(RFemurR) 
 
 
 
LKF = 1(REACTION(LTibia)) 
LKM = 2(REACTION(LTibia)) 
LKMFemur=(LKM*Attitude(LTibia))/Attitude(LFemur) 
LKneeAA=[LKJC,2(LFemur),-3(LTibia),yxz] 
LKMAA=(LKM*Attitude(LTibia))/Attitude(LKneeAA) 
LKM = {-2(LKMFemur),-1(LKMAA),-3(LKM)} 
LTibiaR = |LKF,LKM,3(REACTION(LTibia))| 
LKneeForce = 1(LTibiaR) 
LKneeMomentR = 2(LTibiaR) 
 
RKF = 1(REACTION(RTibia)) 
RKM = 2(REACTION(RTibia)) 
RKMFemur=(RKM*Attitude(RTibia))/Attitude(RFemur) 
RKneeAA=[RKJC,2(RFemur),-3(RTibia),yxz] 
RKMAA=(RKM*Attitude(RTibia))/Attitude(RKneeAA) 
RKM = {-2(RKMFemur),1(RKMAA),3(RKM)} 
RTibiaR = |RKF,RKM,3(REACTION(RTibia))| 
RKneeForce = 1(RTibiaR) 
RKneeMomentR = 2(RTibiaR) 
 
LAF = 1(REACTION(LFoot)) 
LAM = 2(REACTION(LFoot)) 
LAMTibia=(LAM*Attitude(LFoot))/Attitude(LTibia) 
LAnkleAA=[LAJC,2(LTibia),-3(LFoot),yxz] 
LAMAA=(LAM*Attitude(LFoot))/Attitude(LAnkleAA) 
LAM = {2(LAMTibia),-1(LAMAA),3(LAM)} 
LFootR = |LAF,LAM,3(REACTION(LFoot))| 
LAnkleForce = 1(LFootR) 
LAnkleMomentR = 2(LFootR) 
 
RAF = 1(REACTION(RFoot)) 
RAM = 2(REACTION(RFoot)) 
RAMTibia=(RAM*Attitude(RFoot))/Attitude(RTibia) 
RAnkleAA=[RAJC,2(RTibia),-3(RFoot),yxz] 
RAMAA=(RAM*Attitude(RFoot))/Attitude(RAnkleAA) 
RAM = {2(RAMTibia),1(RAMAA),-3(RAM)} 
RFootR = |RAF,RAM,3(REACTION(RFoot))| 
RAnkleForce = 1(RFootR) 
RAnkleMomentR = 2(RFootR) 
 
 
BDW=$BodyMass/.101 
NN=$Height*BDW 
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LHipMoment=LHipMomentR/NN*100 
RHipMoment=RHipMomentR/NN*100 
LKneeMoment=LKneeMomentR/NN*100 
RKneeMoment=RKneeMomentR/NN*100 
LAnkleMoment=LAnkleMomentR/NN*100 
RAnkleMoment=RAnkleMomentR/NN*100 
 
 
OUTPUT(LHipMoment,RHipMoment,LKneeMoment,RKneeMoment,LAnkleMoment,RA
nkleMoment) 
 
 
 
 
EndIf 
 
{*==END OF 
MODEL===============================================================
========*} 
{*==END OF 
MODEL===============================================================
========*} 
{*==END OF 
MODEL===============================================================
========*} 
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APPENDIX G: ROSENTHAL AND RUBIN BONFERRONI PROCEDURE

KAMearly time 1 0.001 10 0.010417 0.0048
time*condition 2 0.012 10 0.010417 0.0430

WOMAC PAIN time 3 0.0009 3 0.003125 0.0144
time*condition 4 0.117 3 0.003125 1.8720

WOMAC ADL time 5 0.0009 3 0.003125 0.0144
time*condition 6 0.471 3 0.003125 7.5360

KAMlate time 7 0.072 1 0.001042 3.4560
time*condition 8 0.386 1 0.001042 18.5280

Knee flexion moment time 9 0.3 1 0.001042 14.4000
time*condition 10 0.3 1 0.001042 14.4000

VAS pain level walking time 11 0.0138 1 0.001042 0.6624
time*condition 12 0.0009 1 0.001042 0.0432

knee flexion angle time 13 0.3 1 0.001042 14.4000
time*condition 14 0.3 1 0.001042 14.4000

knee extension angle time 13 0.3 1 0.001042 14.4000
time*condition 14 0.3 1 0.001042 14.4000

knee adduction angle time 15 0.3 1 0.001042 14.4000
time*condition 16 0.3 1 0.001042 14.4000

WOMAC stiffness time 17 0.3 1 0.001042 14.4000
time*condition 18 0.3 1 0.001042 14.4000

Walking velocity time 19 0.3 1 0.001042 14.4000
time*condition 20 0.3 1 0.001042 14.4000

sum 48

STAIRS Groups contrast p-value weight adj alpha adj p-value
KAMearly time 1 0.219 10 0.010417 1.0950

time*condition 2 0.409 10 0.010417 2.0450
knee flexion moment time 3 0.554 3 0.003125 9.2333

time*condition 4 0.832 3 0.003125 13.8667
Knee extension moment  time 5 0.461 3 0.003125 7.6833

time*condition 6 0.802 3 0.003125 13.3667
knee flexion angle time 7 0.512 1 0.001042 25.6000

time*condition 8 0.066 1 0.001042 3.3000
knee extension angle time 9 0.83 1 0.001042 41.5000

time*condition 10 0.124 1 0.001042 6.2000
knee abduction angle time 11 0.488 1 0.001042 24.4000

time*condition 12 0.405 1 0.001042 20.2500
knee adduction angle time 13 0.225 1 0.001042 11.2500

time*condition 14 0.669 1 0.001042 33.4500
time to peak adduction moment time 13 0.406 1 0.001042 20.3000

time*condition 14 0.796 1 0.001042 39.8000
time to peak knee extension time 15 0.678 1 0.001042 33.9000

time*condition 16 0.423 1 0.001042 21.1500
vas pain stair descent time 17 0.003 3 0.003125 0.0500

time*condition 18 0.003 3 0.003125 0.0500
sum 50
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APPENDIX H: RAW DATA\ DATA ANALYSIS TABLES 

 
RAW DATA 

 
Note: All positive moments are external flexion moments and negative moments are 
external extension moments. All positive angles are flexion angles and negative 
angles are extension angles. Moments are expressed in percent body weight*height 
and angles are in degrees. 
 
Group 1 = Control and Group 3 = Orthotics group 

 
 

Level Walking: KAMearly stance  

 
subject group peak 1_wk1 peak 1_wk6 peak 1_wk 12

1 3 -3.47 -3.44 -3.21
3 3 -3.76 -3.86 -3.21
4 3 -4.35 -4.46 -2.62
5 3 -5.32 -3.8 -4.42
6 3 -4.62 -4.04 -4.05
7 3 -3.13 -3.49 -2.49
8 1 -4.4 -3.69

10 1 -3.63 -3.63 -3.47
11 1 -3.83 -3.8 -3.84
13 3 -3.39 -4.1 -3.01
14 1 -3.66 -3.86 -3.27
15 1 -4.4 -3.64 -3.64
16 1 -5.4 -3.68 -3.27
17 3 -4.02 -4.49 -4.22
18 1 -3.4 -4.56 -4.56
19 1 -4.44 -3.47 -3.35
20 1 -3.42 -3.72 -3.53
22 1 -3.4 -4.6 -4.36
23 3 -4.53 -3.71 -3.31
24 1 -4.83 -4.93 -5.11
25 3 -2.9 -3.68 -2.9
26 3 -3.84 -3.62 -3.42
27 1 -5.16 -3.7 -3.28
28 3 -3.16 -3.09 -2.68
29 1 -3.17 -3.17 -3.19
31 3 -4.74 -3.62 -4.06
32 3 -3.62 -4.13 -3.46
33 1 -3.26 -3.64 -3.78
34 3 -4.56 -4.25 -3.15
35 1 -3.78 -3.32 -3.19
36 1 -3.26 -2.86 -2.77
37 3 -5.1 -4.02 -2.59
38 1 -2.64 -2.77 -2.77
39 1 -2.64 -3.6 -4.03
40 3 -5.32 -3.83 -2.53
41 1 -4.35 -3.33 -2.84

-4.5
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Level Walking: KAMlate stance 

subject group Peak 2 Peak 2wk6 Peak 2wk12
8 1 -1.264 -2.327 -1.948

10 1 -3.216 -3.216 -3.364
13 1 -3.454 -3.649 -3.907
14 1 -3.512 -3.025 -2.694
15 1 -2.417 -1.951 -2.091
16 1 -1.874 -1.943 -1.943
18 1 -1.931 -2.188 -1.621
19 1 -1.843 -2.756 -2.674
20 1 -2.451 -3.018 -2.810
22 1 -2.811 -2.629 -2.036
24 1 -2.043 -2.539 -2.515
27 1 -3.119 -3.508 -3.957
29 1 -4.270 -2.157 -2.881
33 1 -3.121 -2.728 -2.709
35 1 -2.697 -2.294 -2.217
36 1 -2.217 -2.632 -2.709
38 1 -2.697 -1.906 -1.740
39 1 -1.399 -1.740 -1.740
1 3 -1.399 -3.251 -3.647
3 3 -3.426 -2.223 -2.097
4 3 -2.645 -2.690 -3.155
5 3 -2.948 -3.497 -3.626
6 3 -3.426 -2.677 -2.906
7 3 -3.308 -1.807 -1.830

11 3 -2.441 -3.452 -3.901
17 3 -3.124 -3.329 -3.530
23 3 -3.454 -3.843 -3.709
25 3 -3.992 -3.714 -3.943
26 3 -3.265 -2.499 -2.973
28 3 -2.341 -3.460 -3.618
31 3 -3.286 -3.439 -3.127
32 3 -3.064 -2.866 -1.902
34 3 -1.953 -2.704 -3.066
37 3 -2.621 -3.105 -3.523
41 3 -3.504 -3.666 -3.434
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Level Walking: Sagittal Plane Knee Angles 

subject group max_Anglese:x min_Anglese:x w6max_Anglese:x w6min_Anglese:x w12max_Anglese:x w12min_Anglese:x
8 1 36.43 5.63 36.42 4.29 36.82 3.78

10 1 31.45 -3.70 31.45 -3.70 31.91 -3.84
13 1 31.58 10.39 25.59 -9.79 25.53 -10.83
14 1 30.31 -4.40 33.02 -3.41 32.29 -3.81
15 1 35.13 3.19 33.53 2.53 41.71 6.24
16 1 31.53 -1.80 27.81 -2.31 28.36 -2.54
18 1 52.01 4.52 46.66 0.49 46.66 0.49
19 1 40.40 4.77 39.17 4.12 43.24 3.11
20 1 34.84 -5.60 34.84 -5.60 32.32 -5.27
22 1 37.57 -1.49 37.57 -1.49 36.86 1.16
24 1 26.74 -14.05 36.38 -0.51 36.94 0.22
27 1 37.71 -0.45 37.92 -1.03 36.65 -0.71
29 1 36.80 2.44 36.80 2.44 34.25 0.22
33 1 33.94 2.98 33.94 2.98 33.94 2.98
35 1 38.01 -2.60 38.01 -2.60 38.01 -2.60
36 1 37.20 -3.04 37.20 -3.04 37.20 -3.04
38 1 21.64 -10.04 21.68 -5.00 21.68 -10.05
39 1 39.66 0.66 46.64 5.50 45.85 2.83
1 3 43.47 5.40 43.47 5.40 38.76 7.43
3 3 33.85 -5.40 33.26 -7.78 31.67 -7.80
4 3 41.10 6.53 40.68 5.21 46.02 7.79
5 3 39.04 9.67 40.26 7.35 38.28 5.81
6 3 34.41 0.31 34.50 -2.56 34.50 -2.56
7 3 36.97 -3.59 27.89 -2.50 35.71 -3.39

11 3 32.51 4.00 30.17 -0.49 33.93 -0.91
17 3 34.94 -2.54 33.57 -0.73 30.17 -1.31
23 3 38.19 -0.42 33.47 -5.27 31.55 -3.73
25 3 35.62 2.53 36.21 4.64 30.65 4.65
26 3 2.88 2.10 40.13 5.94 42.60 8.24
28 3 35.74 -7.86 33.34 -8.49 33.34 -8.49
31 3 34.08 2.87 34.08 2.87 33.42 4.81
32 3 28.87 -4.89 25.03 -4.95 33.22 -2.49
34 3 36.66 4.48 37.43 2.07 37.86 4.67
37 3 38.19 -0.42 33.47 -5.27 31.55 -3.73
41 3 34.79 2.55 35.73 4.28 29.62 4.47
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Level Walking: Sagittal Plane Knee Moments 
 

subject group max_MOM:x min_MOM:x w6max_MOM:x w6min_MOM:x w12max_MOM:x w12min_MOM:x
8 1 2.62 -1.80 2.41 -1.76 1.53 -2.28

10 1 1.54 -3.91 1.54 -3.91 1.79 -3.50
13 1 97.65 -4.59 0.50 -4.31 0.55 -3.73
14 1 1.17 -3.07 1.23 -3.21 0.90 -3.45
15 1 2.24 -2.59 3.17 -3.24 3.63 -1.92
16 1 1.09 -2.48 1.03 -2.60 0.77 -3.21
18 1 1.30 -2.23 1.27 -1.88 1.27 -1.88
19 1 3.71 -2.19 3.73 -2.07 3.00 -2.26
20 1 2.05 -3.10 2.05 -3.10 1.35 -3.93
22 1 1.33 -2.55 1.33 -2.55 1.15 -2.68
24 1 1.06 -2.43 0.46 -0.94 0.47 -0.88
27 1 2.39 -3.23 2.32 -3.06 2.17 -3.40
29 1 3.61 -3.29 3.61 -3.29 3.98 -3.22
33 1 2.01 -2.93 2.01 -2.93 2.01 -2.93
35 1 1.75 -2.24 1.75 -2.24 1.75 -2.24
36 1 0.96 -1.84 0.96 -1.84 0.96 -1.84
38 1 0.55 -5.09 0.53 -4.77 0.53 -4.77
39 1 1.78 -2.63 1.56 -2.68 1.63 -2.79
1 3 3.70 -2.00 3.70 -2.00 4.68 -1.47
3 3 1.28 -2.91 1.00 -3.51 1.23 -3.08
4 3 3.92 -1.81 4.04 -1.98 4.09 -1.84
5 3 4.13 -1.49 3.58 -1.57 3.56 -1.48
6 3 2.07 -2.39 2.29 -2.95 2.29 -2.95
7 3 1.01 -3.67 1.00 -4.05 1.10 -3.69

11 3 1.19 -3.31 1.04 -3.29 0.85 -3.80
17 3 1.16 -4.33 1.37 -4.30 2.32 -4.24
23 3 2.28 -3.53 1.62 -3.27 1.11 -3.95
25 3 2.08 -1.89 1.63 -2.45 1.63 -1.59
26 3 0.86 -1.72 1.12 -2.40 1.09 -2.61
28 3 1.10 -3.14 1.08 -3.08 1.08 -3.08
31 3 2.41 -2.33 2.41 -2.33 2.62 -2.10
32 3 0.76 -4.77 0.49 -4.79 0.95 -4.12
34 3 1.18 -2.09 2.18 -2.30 2.28 -2.32
37 3 2.28 -3.53 1.62 -3.27 1.11 -3.95
41 3 2.08 -1.93 1.50 -2.50 1.55 -1.61
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Level Walking: Frontal Plane Knee Angles 
 

subject group max_Angles:y min_Angles:y w6max_Angles:y w6min_Angles:y w12max_Angles:y w12min_Angles:y
8 1 1.45 -7.45 0.26 -8.27 -0.10 -6.48

10 1 -6.94 -10.66 -6.94 -10.66 -6.81 -10.86
13 1 24.06 -7.36 -5.73 -10.11 -5.28 -11.47
14 1 -5.24 -10.43 -1.80 -9.62 -0.86 -10.57
15 1 -3.92 -15.65 -3.41 -15.24 -3.50 -12.01
16 1 0.10 -3.29 -1.30 -5.55 -0.79 -4.54
18 1 -1.12 -11.97 -1.52 -10.29 -1.52 -10.29
19 1 0.14 -7.70 0.08 -7.45 3.69 -8.21
20 1 6.13 2.53 6.13 2.53 6.86 2.00
22 1 -4.06 -10.53 -4.06 -10.53 -1.96 -9.04
24 1 -4.85 -15.73 -3.71 -11.56 -3.18 -11.10
27 1 -7.03 -9.38 -7.42 -10.38 -7.97 -11.22
29 1 0.59 -6.22 0.59 -6.22 -0.11 -5.88
33 1 -5.84 -9.47 -5.84 -9.47 -5.84 -9.47
35 1 -4.30 6.23 17.42 6.23 1.20 6.23
36 1 7.74 1.90 7.74 1.90 7.74 1.90
38 1 5.54 -4.10 5.06 -3.25 5.06 -3.25
39 1 -2.52 -8.78 -0.37 -5.31 -2.79 -6.13
1 3 -3.16 -11.43 -3.16 -11.43 -4.98 -10.42
3 3 -3.29 -12.30 -3.92 -9.59 -5.97 -11.23
4 3 -4.82 -10.56 -5.40 -12.57 -6.97 -15.78
5 3 -1.38 -7.10 -1.14 -7.43 -2.89 -9.90
6 3 -4.95 -8.82 -6.14 -8.34 -6.14 -8.34
7 3 -7.50 -15.86 -8.58 -12.84 -6.24 -11.93

11 3 -6.61 -11.55 -6.65 -10.70 -6.43 -10.76
17 3 -7.60 -12.52 -8.07 -13.04 -7.92 -13.97
23 3 -1.34 -5.16 -1.05 -4.97 -2.83 -6.45
25 3 -0.52 -8.12 -2.38 -10.00 -3.08 -8.94
26 3 -3.00 -3.10 -7.14 -12.77 -7.24 -15.12
28 3 -0.78 -12.57 -1.11 -8.47 -1.11 -8.47
31 3 -6.10 -11.11 -6.10 -11.11 -5.69 -10.82
32 3 -7.11 -12.15 -8.07 -12.78 -7.87 -13.79
34 3 -3.80 -11.16 -5.10 -11.29 -5.58 -12.16
37 3 -1.34 -5.16 -1.05 -4.97 -2.83 -6.45
41 3 -1.00 -8.08 -2.41 -10.03 -3.06 -8.98
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Stairs: KAMearly  stance

subject condition Peak1 w6Peak1 w12Peak1
8 1 -1.82 -1.89 -1.89

10 1 -3.36 -2.98 -3.35
13 1 -4.27 -4.15 -5.48
14 1 -2.19 -2.19 -1.88
15 1 -4.12 -4.13 -3.54
16 1 -5.29 -4.90 -4.52
18 1 -4.24 -5.96 -3.64
19 1 -5.14 -4.73 -5.68
20 1 -3.69 -3.69 -4.34
22 1 -3.65 -1.96 -2.57
24 1 -5.52 -6.60 -4.72
27 1 -4.33 -0.49 -2.85
29 1 -4.27 -4.51 -4.72
33 1 -5.48 -4.80 -4.36
35 1 -3.33 -3.33 -3.33
36 1 -1.61 -1.61 -1.61
38 1 -1.49 -1.55 -1.62
39 1 -4.00 -4.00 -4.79
40 1 -4.27 -4.51 -4.72
1 3 -2.94 -2.94 -3.53
3 3 -5.30 -5.30 -4.96
4 3 -6.68 -2.86 -3.00
5 3 -5.86 -6.16 -3.00
6 3 -3.89 -3.89 -4.07
7 3 -3.14 -4.55 -4.55

11 3 -2.90 -3.29 -2.86
17 3 -5.26 -5.01 -4.63
23 3 -4.50 -4.78 -4.29
25 3 -4.83 -3.96 -4.64
26 3 -3.90 -3.83 -3.37
28 3 -2.57 -2.79 -2.79
31 3 -5.24 -5.24 -4.95
32 3 -3.70 -3.70 -3.23
34 3 -5.79 -6.20 -4.54
37 3 -4.17 -4.93 -4.74
41 3 -3.73 -3.82 -3.31
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Stairs: KAMlate stance

subject condition Peak2 w6Peak2 w12Peak2
8 1 -0.44 -0.33 -0.33

10 1 -2.65 -2.64 -3.16
13 1 -3.53 -3.60 -3.94
14 1 -2.11 -2.11 -1.43
15 1 -3.87 -4.09 -3.32
16 1 -3.70 -4.32 -3.77
18 1 -2.46 -3.76 -1.95
19 1 -3.29 -2.85 -3.54
20 1 -2.87 -2.87 -2.48
22 1 -1.64 -1.37 -1.25
24 1 -2.63 -3.37 -2.67
27 1 -2.38 -0.16 -1.08
29 1 -2.89 -2.66 -2.79
33 1 -3.09 -3.22 -2.73
35 1 -2.18 -2.18 -2.18
36 1 -0.94 -0.94 -0.94
38 1 -1.02 -1.04 -1.09
39 1 -2.72 -2.72 -2.71
40 1 -2.89 -2.66 -2.79
1 3 -2.66 -2.66 -2.20
3 3 -2.46 -2.46 -2.37
4 3 -3.85 -3.40 -3.78
5 3 -3.37 -3.68 -3.17
6 3 -2.28 -2.28 -1.88
7 3 -3.06 -3.04 -3.04

11 3 -3.97 -2.34 -2.18
17 3 -3.50 -3.80 -4.14
23 3 -3.78 -4.37 -3.70
25 3 -3.16 -3.25 -3.01
26 3 -2.27 -2.69 -2.43
28 3 -0.96 -2.01 -2.01
31 3 -3.68 -3.68 -2.78
32 3 -3.06 -3.06 -3.02
34 3 -3.86 -3.81 -4.67
37 3 -2.84 -2.88 -2.99
41 3 -2.13 -2.69 -2.38
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Stairs: Time to KAMearly stance 

subject condition time_peak1 w6time_peak1 w12time_peak1
8 1 0.40 0.00 0.00

10 1 68.93 44.15 26.13
13 1 21.87 28.88 21.53
14 1 31.52 31.52 25.44
15 1 52.35 27.27 23.08
16 1 21.28 26.65 26.21
18 1 14.48 6.84 13.53
19 1 20.98 25.07 16.97
20 1 22.49 22.49 9.99
22 1 8.13 20.76 33.45
24 1 22.41 15.28 24.81
27 1 19.63 10.25 54.25
29 1 20.67 24.11 20.09
33 1 20.08 19.47 20.63
35 1 21.54 21.54 21.54
36 1 7.12 7.12 7.12
38 1 76.78 73.58 79.28
39 1 16.31 16.31 15.79
40 3 20.67 24.11 20.09
1 3 16.93 16.93 25.10
3 3 19.17 19.17 16.84
4 3 20.01 20.46 23.76
5 3 11.20 18.83 19.32
6 3 27.05 27.05 22.76
7 3 21.22 14.98 14.98

11 3 28.93 37.54 26.04
17 3 22.44 21.43 16.72
23 3 26.18 26.85 23.76
25 3 24.93 27.18 21.45
26 3 23.43 26.70 22.80
28 3 35.90 17.04 17.04
31 3 25.24 25.24 30.74
32 3 47.14 47.14 42.74
34 3 23.15 19.19 20.05
37 3 16.88 14.23 23.96
41 3 22.91 24.20 22.12
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Stairs: Sagittal Plane Knee Angles 

subject group max_Anglesex min_Anglesex w6max_Anglesex w6min_Anglesex w12max_Anglesex w12min_Anglesex
8 1 84.23 -4.27 84.23 -4.27 85.59 -0.80

10 1 67.74 3.81 68.11 7.99 67.23 5.66
13 1 63.09 3.86 53.13 -2.86 47.33 -4.57
14 1 66.67 4.81 66.67 4.81 66.14 5.53
15 1 75.60 6.73 70.05 7.08 74.68 9.57
16 1 70.91 5.56 65.95 2.00 67.53 3.89
18 1 84.55 -1.69 89.74 2.83 81.37 -4.58
19 1 81.92 9.13 81.19 9.13 74.42 2.56
20 1 82.70 10.73 82.70 10.73 86.59 9.00
22 1 68.45 -0.79 70.46 4.21 75.78 2.40
24 1 72.72 3.16 82.47 6.67 75.58 6.53
27 1 80.69 9.12 80.89 12.67 88.08 10.02
29 1 74.65 5.82 73.87 8.45 75.52 3.30
33 1 75.48 8.12 76.05 10.66 70.49 9.17
35 1 67.66 10.93 67.66 10.93 67.66 10.93
36 1 96.65 2.11 96.65 2.11 96.65 2.11
38 1 74.92 0.13 71.10 1.44 79.36 2.33
39 1 62.43 -6.88 62.43 -6.88 60.62 -1.97
40 3 67.27 7.14 69.91 8.66 68.74 8.33
1 3 79.65 8.63 79.65 8.63 75.33 8.23
3 3 76.51 14.23 76.51 14.23 80.55 9.83
4 3 82.57 9.86 79.53 4.95 79.53 4.95
5 3 79.07 11.89 81.77 12.65 71.33 11.86
6 3 63.92 17.81 62.24 17.24 67.70 17.92
7 3 71.44 1.70 74.22 6.66 74.22 6.66

11 3 85.79 2.42 80.88 -1.63 78.20 1.32
17 3 54.90 7.95 55.23 5.80 58.00 7.25
23 3 70.23 8.77 71.06 7.55 72.07 11.09
25 3 71.22 8.04 65.59 4.56 67.30 3.75
26 3 67.27 7.14 69.91 8.66 68.74 8.33
28 3 78.50 9.58 77.19 9.34 77.19 9.34
31 3 73.69 2.18 61.82 -0.25 61.82 -0.25
32 3 61.20 7.10 61.20 7.10 66.74 8.94
34 3 69.69 5.05 75.58 0.92 75.17 3.11
37 3 92.45 3.13 93.75 2.97 84.04 5.68
41 3 68.56 7.46 70.61 9.39 69.47 9.02
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Stairs: Frontal Plane Knee Angles  
subject group max_Anglesy min_Anglesy w6max_Anglesy w6min_Anglesy w12max_Anglesy w12min_Anglesy

8 1 2.05 -11.30 2.05 -11.30 2.06 -9.17
10 1 -6.71 -11.81 3.23 -11.26 3.17 -10.39
13 1 -3.39 -14.11 -6.42 -14.82 -5.69 -14.50
14 1 -2.37 -12.17 -2.37 -12.17 3.04 -3.06
15 1 -4.64 -25.28 -5.80 -22.61 -2.94 -15.09
16 1 1.42 -11.40 0.53 -18.77 0.64 -17.74
18 1 3.64 -3.60 15.08 -6.19 10.46 -7.08
19 1 -0.20 -11.50 0.30 -11.67 -1.10 -9.82
20 1 0.70 -4.41 0.40 -4.41 -1.34 -3.43
22 1 1.23 -3.20 0.32 0.39 -2.50 0.48
24 1 -9.51 -16.52 -6.80 -16.60 -5.97 -15.53
27 1 -0.61 -10.35 4.96 -5.22 0.02 -8.50
29 1 -5.60 -12.21 -6.73 -11.56 -6.39 -12.73
33 1 -2.73 -9.03 -3.14 -10.32 -0.49 -7.64
35 1 -4.85 -11.74 -4.85 -11.74 -4.85 -11.74
36 1 3.40 -1.30 0.25 1.40 -5.43 0.00
38 1 5.56 -1.48 0.93 0.84 -6.88 -0.75
39 1 3.68 -8.62 3.68 -8.62 2.07 -7.61
40 3 2.30 -5.30 4.12 -6.77 2.86 -6.58
1 3 0.93 -3.52 0.93 -3.52 0.31 -5.57
3 3 -3.80 -13.08 -3.80 -13.08 -3.61 -11.85
4 3 -2.48 -10.36 -3.74 -11.35 -3.74 -11.35
5 3 -6.39 -16.47 -8.39 -16.85 -5.76 -14.96
6 3 -1.29 -9.98 -1.04 -10.54 -1.70 -8.81
7 3 -1.55 -12.42 -5.09 -9.75 -5.09 -9.75

11 3 -6.98 -15.52 -5.79 -16.20 -2.64 -10.88
17 3 -6.05 -12.00 -6.30 -12.24 -5.12 -10.46
23 3 -3.31 -13.78 -7.97 -17.41 -7.63 -14.48
25 3 -4.11 -14.06 -2.33 -11.78 0.64 -8.19
26 3 1.32 -5.30 4.12 -6.77 2.86 -6.58
28 3 2.22 -11.12 -0.43 -10.63 -0.43 -10.63
31 3 -2.89 -14.40 -1.75 -13.43 -1.75 -13.43
32 3 -6.17 -10.93 -6.17 -10.93 -7.25 -16.44
34 3 -6.11 -13.43 -6.16 -14.18 -6.01 -13.96
37 3 2.58 -9.10 5.58 -8.79 0.02 -12.75
41 3 0.50 -6.53 2.76 -8.06 1.37 -7.86
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Stairs: Sagittal Plane Knee Moments

subject group max_MOMx min_MOMx w6max_MOMx w6min_MOMx w12max_MOMx w12min_MOMx
8 1 4.44 -0.83 4.44 -0.83 4.45 -0.75

10 1 4.15 -1.84 6.54 -1.47 3.72 -1.48
13 1 2.25 -2.75 1.87 -2.46 2.07 -1.44
14 1 2.12 -2.57 2.12 -2.57 2.35 -2.55
15 1 4.10 -2.31 2.92 -2.39 4.19 -1.99
16 1 6.59 -1.03 6.00 -1.69 5.05 -2.57
18 1 1.93 -3.36 3.55 -2.00 1.38 -4.09
19 1 2.94 -2.61 3.00 -2.84 2.17 -2.62
20 1 6.74 -2.08 6.74 -2.08 6.39 -2.47
22 1 6.52 -1.32 3.44 -2.78 6.25 -2.22
24 1 2.34 -3.32 2.33 -3.33 2.95 -2.52
27 1 5.44 -1.72 0.81 -0.49 6.24 -1.13
29 1 4.35 -1.94 5.06 -1.45 4.10 -1.75
33 1 4.72 -1.90 4.71 -1.78 6.02 -1.25
35 1 4.19 -2.50 4.19 -2.50 4.19 -2.50
36 1 5.74 -1.58 5.74 -1.58 5.74 -1.58
38 1 4.34 -2.94 4.42 -3.33 3.04 -4.15
39 1 1.53 -6.02 1.53 -6.02 1.58 -4.66
40 3 4.13 -1.69 4.29 -1.57 5.14 -1.40
1 3 6.60 -1.47 6.60 -1.47 5.21 -2.07
3 3 4.54 -1.53 4.54 -1.53 5.16 -1.43
4 3 5.25 -3.44 4.05 -3.44 4.71 -3.50
5 3 5.06 -0.76 5.00 -1.85 5.04 -2.65
6 3 4.61 -1.56 4.64 -1.80 5.58 -1.21
7 3 7.49 -2.88 6.30 -1.94 6.30 -1.94

11 3 1.91 -3.84 3.87 -2.86 2.66 -4.22
17 3 1.16 -2.72 1.34 -2.87 1.63 -2.36
23 3 4.07 -1.77 4.41 -1.71 4.19 -1.57
25 3 3.87 -2.94 4.08 -2.44 5.33 -2.31
26 3 4.13 -1.69 4.29 -1.57 5.14 -1.40
28 3 5.09 -2.76 3.54 -2.56 3.54 -2.56
31 3 4.05 -2.38 2.32 -1.72 2.32 -1.72
32 3 3.53 -1.60 3.53 -1.60 3.97 -2.11
34 3 2.89 -2.51 2.64 -2.30 2.67 -3.04
37 3 3.17 -3.09 4.13 -2.33 4.39 -1.96
41 3 4.00 -2.27 4.08 -1.85 4.74 -1.71
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VAS PAIN (0-100)

subject group pain_walking pain_stairs w6pain_walking w6pain_stairs w12pain_walking w12pain_stairs
8 1 73 83 73 83 53 53

10 1 47 57 47 57 57 55
13 1 2 1 5 6 8 8
14 1 27 25 22 22 30 22
15 1 42 41 62 53 44 41
16 1 17 42 15 15 8 26
18 1 9 30 9 30 13 30
19 1 36 35 16 27 74 97
20 1 11 46 9 24 11 46
22 1 5 34 26 57 14 57
24 1 44 62 51 46 10 35
27 1 14 8 13 13 14 8
29 1 13 22 13 22 20 28
33 1 36 45 36 45 31 50
35 1 18 41 24 37 16 32
36 1 10 34 38 59 25 60
38 1 33 65 25 55 34 60
39 1 15 63 16 43 16 27
1 3 16 15 4 5 2 7
3 3 13 26 28 40 3 3
4 3 20 33 3 3 11 32
5 3 7 25 4 30 1
6 3 30 50 29 52 7 16
7 3 29 72 15 50 1 20

11 3 28 61 32 43 28 52
17 3 21 48 13 40 8 25
23 3 43 50 9 13 1 13
25 3 7 24 1 14 7 27
26 3 10 10 11 21 1 1
28 3 27 57 25 37 28 23
31 3 29 30 6 8 4 8
32 3 81 62 34 70 39 74
34 3 38 62 23 63 41 50
37 3 7 25 4 30 1 4
40 3 47 72 20 66 21 44
41 3 27 57 25 37 28 23

4
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WOMAC™ DATA  

(Raw Data not normalized) 

subject group Pain Stiffness ADL Pain_w6 Stiffness_w6 ADL_w6 Pain_w12 Stiffness_w12 ADL_w12
1 3 5 0 7 3 0 1 3 0
3 3 7 4 26 6 3 26 3 3
4 3 6 3 21 3 3 17 3 3 13
5 3 8 1 18 7 3 16 2 2
6 3 5 3 18 7 4 21 4 4 19
7 3 7 3 23 5 3 17 3 3 13

11 3 5 4 22 8 3 23 6 4 28
17 3 4 1 10 6 1 14 2 2 4
23 3 11 5 36 3 3 15 2 4 6
25 3 6 3 6 2 1 2 3 1 3
26 3 4 2 17 3 2 16 3 3 14
28 3 6 2 21 7 2 16 4 3 11
31 3 7 3 27 2 2 7 6 3 11
32 3 12 5 39 5 3 17 6 4 26
34 3 7 4 21 6 6 26 5 4 22
37 3 9 4 35 8 3 30 5 3 26
40 3 6 3 23 6 3 24 3 2 23
8 1 8 5 37 8 5 31 9 6 33

10 1 8 3 32 4 1 23 2 4 23
13 1 1 0 1 5 1 5 6 3 0
14 1 3 3 11 5 1 8 4 1 12
15 1 9 3 11 8 3 13 5 2 10
16 1 4 4 27 0 3 17 4 3 12
18 1 5 3 19 2 3 10 3 2 18
19 1 8 5 39 5 3 21 7 4 28
20 1 2 0 10 2 1 6 3 1 7
22 1 7 3 21 9 4 24 7 4 25
24 1 11 4 27 6 3 23 5 3 19
27 1 5 3 19 4 3 8 5 2 14
29 1 4 2 12 3 2 7 3 2 3
33 1 5 3 24 1 2 5 1 1 7
35 1 7 2 25 6 3 23 6 4 25
36 1 9 3 30 11 5 27 5 2 18
38 1 9 3 23 2 2 5 4 3 5
39 1 7 3 28 6 2 24 6 3 20
41 1 8 5 39 5 3 21 7 4 28

8
4

5
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DATA ANALYSIS TABLES 
 

LEVEL WALKING KINEMATIC AND KINETIC DATA 
 

 
Descriptive Statistics 

 Condition Mean Std. Deviation N  
1 -3.8458 .68345 18 
3 -4.1076 .49863 18 

 
peak 1_wk1 

Total  -3.9694 .58128 36 
1 -3.6826 .54268 18 
3 -3.8606 .36898 18 

 
peak 1_wk6 

Total -3.7667 .47971 36 
1 -3.6184 .57788 18 
3 -3.5479 .42891 18 

 
peak 1_wk12 

Total -3.4467 .48184 36 
 
       
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig. Part 
Eta 
Sq. 

Noncent. 
Parameter 

beta 

Sphericity  
Assumed 

5.33 2 2.66 9.50 .00 .21 19.01 .97 

Greenhouse- 
Geisser 

5.33 1.49 3.56 9.50 .00 .21 14.22 .93 

Huynh-Feldt 5.33 1.59 3.34 9.50 .00 .21 15.17 .94 

 
 
time 

Lower-
bound 

5.33 1.00 5.33 9.50 .00 .21 9.50 .85 

Sphericity  
Assumed  

2.06 2 1.03 3.68 .03 .09 7.37 .65 

Greenhouse-
Geisser 

2.06 1.49 1.38 3.68 .04 .09 5.51 .57 

Huynh-Feldt 2.06 1.59 1.29 3.68 .04 .09 5.88 .58 

 
time * 
cond. 

Lower-
bound  

2.06 1.00 2.06 3.68 .06 .09 3.68 .46 

Sphericity 
Assumed  

19.08 68 .28      

Greenhouse-
Geisser 

19.08 50.87 .37      

Huyng- 
Feldt  

19.08 52.26 .35      

 
Error 
(time) 

Lower-
bound 

19.08 34.00 .56      

a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1.000 -2.57414 .789904 18 
3.000 -2.95284 .647839 18 

 
Peak 2 

Total  -2.75808 .739157 36 
1.000 -2.56701 .558213 18 
3.000 -3.07193 .569960 18 

 
Peak 2wk6 

Total -2.81226 .611743 36 
1.000 -2.53083 .695977 18 
3.000 -3.17584 .664182 18 

 
Peak 2wk12 

Total -2.88412 .746167 36 
 
 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig. Partial 
Eta Sq 

Noncent 
Parameter 

beta 

Sphericity  
Assumed 

.14 2 .07 .29 .74 .00 .58 .09 

Greenhouse- 
Geisser 

.14 1.26 .11 .29 .64 .00 .36 .08 

Huynh-Feldt .14 1.33 .10 .29 .68 .00 .38 .08 

 
 
time 

Lower-bound .14 1.00 .14 .29 .59 .00 .29 .08 
Sphericity  
Assumed  

.31 2 .15 .68 .53 .01 1.25 .15 

Greenhouse-
Geisser 

.31 1.26 .24 .62 .46 .01 .79 .12 

Huynh-Feldt .31 1.33 .23 .62 .47 .01 .83 .13 

 
time * 
cond. 

Lower-bound  .31 1.00 .31 .62 .43 .01 .62 .12 
Sphericity 
Assumed  

16.31 66 .24      

Greenhouse-
Geisser 

16.31 41.77 .39      

Huyng- 
Feldt  

16.31 43.99 .37      

 
Error 
(time) 

Lower-bound 16.31 33.00 .49      
a Computed using alpha = .05  
 
 
 



 150
 

 
Descriptive Statistics 

 Condition Mean Std. Deviation N  
1.000 35.16329 6.319152 18 
3.000 34.19527 8.733122 18 

 
max_KneeAnglese:x 

Total  34.69311 7.489817 36 
1.000 35.25690 6.237892 18 
3.000 34.86615 4.694246 18 

 
w6max_KneeAnglese:x 

Total 35.06711 5.464866 36 
1.000 35.56740 6.530560 18 
3.000 34.87363 4.530395 18 

 
w12max_KneeAnglese:x 

Total 35.23043 5.577316 36 
 
   

 
Tests of Within-Subjects Effects  

Source  Type III 
Sum of 
Square 

df Mean 
Sq. 

F Sig. Partial Eta 
Sq. 

Noncent. 
Parameter 

beta 

Sphericity  
Assumed 

5.41 2 2.70 .12 .88 .00 .25 .06 

Greenhouse- 
Geisser 

5.41 1.29 4.17 .12 .78 .00 .16 .06 

Huynh-Feldt 5.41 1.36 3.95 .12 .80 .00 .17 .06 

 
 
time 

Lower-
bound 

5.41 1.00 5.43 .12 .72 .00 .12 .06 

Sphericity  
Assumed  

1.45 2 .72 .03 .96 .00 .06 .05 

Greenhouse-
Geisser 

1.45 1.29 1.12 .03 .90 .00 .04 .05 

Huynh-Feldt 1.45 1.36 1.06 .03 .91 .00 .04 .05 

 
time * 
cond. 

Lower-
bound  

1.45 1.00 1.45 .03 .85 .00 .03 .05 

Sphericity 
Assumed  

1420.36 66 21.51      

Greenhouse-
Geisser 

1420.36 42.80 33.18      

Huyng- 
Feldt  

1420.36 45.17 31.43      

 
Error 
(time) 

Lower-
bound 

1420.36 33.00 43.04      

a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1.000 .22777 3.328529 18 
3.000 -.99926 8.846757 18 

 
min_KneeAnglese:x 

Total  -.36822 6.538910 36 
1.000 -1.17602 4.475778 18 
3.000 -.55070 5.843401 18 

 
w6min_KneeAnglese:x 

Total -.87229 5.117151 36 
1.000 -1.20139 4.561189 18 
3.000 .79153 5.48191 18 

 
w12min_KneeAnglese:x 

Total -.23340 5.056254 36 
     
 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig. Partial Eta 
Sq. 

beta 

Sphericity  
Assumed 

8.09 2 4.04 .22 .80 .00 .08 

Greenhouse- 
Geisser 

8.04 1.09 7.38 .22 .66 .00 .07 

Huynh-Feldt 8.09 1.14 7.09 .22 .67 .00 .07 

 
 
time 

Lower-bound 8.09 1.00 8.09 .22 .64 .00 .07 
Sphericity  
Assumed  

45.66 2 22.83 1.24 .29 .03 .26 

Greenhouse-
Geisser 

45.66 1.09 41.64 1.25 .27 .03 .19 

Huynh-Feldt 45.66 1.14 40.04 1.24 .27 .03 .20 

 
time * 
cond. 

Lower-bound  45.66 1.00 45.66 1.24 .27 .03 .19 
Sphericity 
Assumed  

1210.50 66 18.34     

Greenhouse-
Geisser 

1210.56 36.18 33.45     

Huyng- 
Feldt  

1210.56 37.62 32.16     

 
Error 
(time) 

Lower-bound 1210.50 33.00 36.68     
a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1.000 -.07856 6.217509 18 
3.000 -5.98983 8.691792 18 

 
Max_KneeAnglese:y 

Total  -2.94975 7.991603 36 
1.000 -.26702 6.160410 18 
3.000 -4.55755 2.711841 18 

 
w6max_KneeAnglese:y 

Total -2.35099 5.212457 36 
1.000 .00326 6.227431 18 
3.000 -5.10755 2.070956 18 

 
w12max_KneeAnglese:y 

Total -2.47913 5.303337 36 
 
 
 
      

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean Sq. F Sig. Partial 
Eta 
Sq. 

beta 

Sphericity  
Assumed 

7.45 2 3.73 .35 .70 .01 .10 

Greenhouse- 
Geisser 

7.45 1.06 6.98 .35 .57 .01 .09 

Huynh-Feldt 7.45 1.10 6.73 .35 .57 .01 .09 

 
 
time 

Lower-
bound 

7.45 1.00 7.44 .35 .55 .01 .08 

Sphericity  
Assumed  

11.48 2 5.74 .54 .58 .01 .13 

Greenhouse-
Geisser 

11.48 1.06 10.77 .54 .47 .01 .11 

Huynh-Feldt 11.48 1.10 10.38 .54 .48 .01 .11 

 
time * 
cond. 

Lower-
bound  

11.48 1.00 11.48 .54 .46 .01 .11 

Sphericity 
Assumed  

700.45 66 10.61     

Greenhouse-
Geisser 

700.45 35.17 19.92     

Huyng- 
Feldt  

700.45 36.48 19.19     

 
Error 
(time) 

Lower-
bound 

700.45 33.00 21.22     

a Computed using alpha = .05  
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Descriptive Statistics 

 Condition Mean Std. Deviation N  
1.000 -7.11371 5.924763 18 
3.000 -12.14192 8.383513 18 

 
Min_KneeAnglese:y 

Total  -9.55599 7.558254 36 
1.000 -6.84661 5.560588 18 
3.000 -10.13634 2.584480 18 

 
w6min_KneeAnglese:y 

Total -8.44448 4.624530 36 
1.000 -6.68991 5.346634 18 
3.000 -10.79370 2.770930 18 

 
w12min_KneeAnglese:y 

Total -8.68266 4.715839 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig. Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 

Sphericity  
Assumed 

24.94 2 12.47 1.32 .27 .03 2.65 .27 

Greenhouse- 
Geisser 

24.94 1.08 23.01 1.32 .26 .03 1.44 .20 

Huynh-Feldt 24.94 1.12 22.15 1.32 .26 .03 1.49 .21 

 
 
time 

Lower-bound 24.94 1.00 24.94 1.32 .25 .03 1.32 .20 
Sphericity  
Assumed  

13.22 2 6.61 .70 .49 .02 1.40 .16 

Greenhouse-
Geisser 

13.22 1.08 12.29 .70 .41 .02 .76 .13 

Huynh-Feldt 13.22 1.12 11.75 .70 .42 .02 .79 .13 

 
time * 
cond. 

Lower-bound  13.22 1.00 13.22 .70 .40 .02 .70 .12 
Sphericity 
Assumed  

619.36 66 9.38      

Greenhouse-
Geisser 

619.36 35.75 17.32      

Huyng- 
Feldt  

619.36 37.14 16.67      

 
Error 
(time) 

Lower-bound 619.36 33.00 18.76      
a Computed using alpha = .05  
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Descriptive Statistics 

 Condition Mean Std. Deviation N  
1.000 1.89758 .899767 18 
3.000 1.96958 1.078729 18 

 
Max_KneeMoments:x 

Total  1.93255 .976589 36 
1.000 1.74772 .997381 18 
3.000 1.86374 1.043849 18 

 
w6max_KneeMoments:x 

Total 1.80407 1.006781 36 
1.000 1.63402 1.022422 18 
3.000 1.97221 1.173805 18 

 
w12max_KneeMoments:x 

Total 1.79828 1.095659 36 
  
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 

Sphericity  
Assumed 

.38 2 .19 1.20 .30 .03 2.41 .25 

Greenhouse- 
Geisser 

.38 1.37 .28 1.20 .29 .03 1.66 

 
 
  
 
 
 
 
 
 
 

.21 

 
 

Huynh-Feldt .38 1.41 .26 1.20 .29 .03 1.76 .22 

time 

Lower-bound .38 1.00 .38 1.20 .28 .03 1.20 .18 
Sphericity  
Assumed  

.35 2 .17 1.10 .33 .03 2.21 .23  

Greenhouse-
Geisser 

.35 1.37 .25 1.10 .32 .03 1.52 .20 

Huynh-Feldt .35 1.46 .24 1.10 .32 .03 1.61 .20 

time * 
cond. 

Lower-bound  .35 1.00 .35 1.10 .30 .03 1.10 .17 
Sphericity 
Assumed  

10.67 66 .16       

Greenhouse-
Geisser 

10.62 45.44 .24      

Huyng- 
Feldt  

10.62 48.21 .22      

Error 
(time) 

Lower-bound 10.62 33.00 .32      
a Computed using alpha = .05  
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Descriptive Statistics 

 Condition Mean 
 
 
 

Std. Deviation N  
1.000 -2.89912 .888469 18 
3.000 -2.75464 

 
.980888 18 

 
min_KneeMoments:x 

Total  -2.82894 
 

.923488 36  
1.000 -2.79770 .953518  

 
 

18 
3.000 -2.94309 .879250 

 
 
 
 
 

     

18 
 
w6max_KneeMoments:x 

Total -2.86832 .907654 36 
1.000 -2.82691 .932680 18 
3.000 -2.81714 1.015752 18 

 
w12max_KneeMoments:x 

Total -2.82216 .959427 36 

 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Me
an 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

.05 2 .02 .24 .74 .00 .48 .08 

Greenhouse- 
Geisser 

.05 1.78 .02 .24 .75 .00 .43 .08 

Huynh-Feldt .05 1.93 .02 .24 .77 .00 .47 .08 

 
 
time 

Lower-
bound 

.05 1.00 .05 .24 .62 .00 .24 .07 

Sphericity  
Assumed  

.36 2 .18 1.82 .17 .05 3.62 .36 

Greenhouse-
Geisser 

.36 1.78 .20 1.81 .17 .05 3.22 .34 

Huynh-Feldt .36 1.93 .19 1.81 .17 .05 3.50 .35 

 
time * 
cond. 

Lower-
bound  

.36 1.00 .36 1.81 .18 .05 1.81 .25 

Sphericity 
Assumed  

6.70 66 .10      

Greenhouse-
Geisser 

6.70 58.75 .11      

Huyng- 
Feldt  

6.70 63.75 .15      

 
Error 
(time) 

Lower-
bound 

6.70 33.00 .20      

a Computed using alpha = .05  
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WOMAC DATA 
 
 

Descriptive Statistics 
 Group Mean Std. Deviation N  

1 6.22 2.734 18 
2 6.76 2.223 18 

 
WOMAC_Pain 

Total  6.49 2.478 36 
1 4.83 2.936 18 
2 5.12 2.058 18 

WOMAC_Painw6 

Total 4.97 2.514 36 
1 4.72 1.965 18 
2 3.71 1.404 18 

 
WOMAC_Painw12 

Total 4.23 1.767 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

94.18 2 47.09 13.72 .00 .294 27.44 .99 

Greenhouse- 
Geisser 

94.18 1.82 51.67 13.72 .00 .294 25.01 .99 

Huynh-Feldt 94.18 1.98 47.52 13.72 .00 .29 27.19 .99 

 
 
time 

Lower-
bound 

94.18 1.00 94.18 13.72 .00 .29 13.72 .94 

Sphericity  
Assumed  

12.20 2 6.10 1.77 .17 .05 3.55 .35 

Greenhouse-
Geisser 

12.20 1.82 6.69 1.77 .18 .05 3.24 .34 

Huynh-Feldt 12.20 1.98 6.15 1.77 .17 .05 3.52 .35 

 
time * 
cond. 

Lower-
bound  

12.20 1.00 12.20 1.77 .19 .05 1.77 .25 

Sphericity 
Assumed  

222.49 66 3.43      

Greenhouse-
Geisser 

226.49 60.14 3.76      

Huyng- 
Feldt  

226.49 65.40 3.46      

 
Error 
(time) 

Lower-
bound 

226.49 33.00 6.86      

a Computed using alpha = .05  
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Descriptive Statistics 
 Group Mean Std. Deviation N  

1 22.00 10.07 18 
2 21.76 9.29 18 

 
WOMAC_ADL 

Total  21.89 9.55 36 
1 15.56 8.94 18 
2 16.94 8.01 18 

WOMAC_ADLw6 

Total 16.23 8.41 36 
1 15.50 9.24 18 
2 13.88 8.57 18 

 
WOMAC_ADLw12  

Total 14.71 8.83 36 
 
 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

1001.11 2 500.5 18.80 .00 .36 37.60 1.00 

Greenhouse- 
Geisser 

1001.11 1.85 540.7 18.80 .00 .36 34.81 1.00 

Huynh-Feldt 1001.11 2.00 500.5 18.80 .00 .36 37.60 1.00 

 
 
time 

Lower-
bound 

1001.11 2.00 1001 18.80 .00 .36 18.80 .98 

Sphericity  
Assumed  

39.51 2 19.75 .74 .48 .02 1.48 .17 

Greenhouse-
Geisser 

39.51 1.85 21.34 .74 .47 .02 1.37 .16 

Huynh-Feldt 39.51 2.00 19.75 .74 .48 .02 1.48 .17 

 
time * 
cond. 

Lower-
bound  

39.51 1.00 39.51 .74 .39 .02 .84 .13 

Sphericity 
Assumed  

1757.02 66 26.62      

Greenhouse-
Geisser 

1757.02 61.09 28.75      

Huyng- 
Feldt  

1757.02 66.00 26.62      

 
Error 
(time) 

Lower-
bound 

1757.02 33.00 52.24      

a Computed using alpha = .05  
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STAIR KINEMATIC AND KINETIC DATA 
 

 
 

Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 -3.76 1.28 18 
3 -4.28 1.22 18 

Peak1 

Total  -4.02 1.26 36 
1 -3.52 1.65 18 
3 -4.22 1.10 18 

w6Peak1 

Total -3.87 1.42 36 
1 -3.60 1.31 18 
3 -3.85 .81 18 

 
w12Peak1 

Total -3.72 1.08 36 
 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

1.60 2 .80 1.55 .21 .04 3.10 .31 

Greenhouse- 
Geisser 

1.60 1.95 .82 1.55 .21 .04 3.04 .31 

Huynh-Feldt 1.60 2.00 .80 1.55 .21 .04 3.10 .31 

 
 
time 

Lower-
bound 

1.60 1.00 1.60 1.55 .22 .04 1.55 .22 

Sphericity  
Assumed  

.93 2 .46 .90 .40 .02 1.81 .20 

Greenhouse-
Geisser 

.93 1.95 .47 .90 .40 .02 1.77 .19 

Huynh-Feldt .93 2.00 .46 .90 .40 .02 .181 .20 

 
time * 
cond. 

Lower-
bound  

.93 1.00 .93 .90 .34 .02 .90 .15 

Sphericity 
Assumed  

35.13 68 .51      

Greenhouse-
Geisser 

35.13 66.61 .52      

Huyng- 
Feldt  

35.13 68.00 .517      

 
Error 
(time) 

Lower-
bound 

35.13 34.00 1.03      

a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 35.94 20.17 18 
3 24.95 8.25 18 

time_peak1 

Total  25.44 15.19 36 
1 23.40 16.22 18 
3 23.54 8.31 18 

w6time_peak1 

Total 23.47 12.70 36 
1 24.43 17.80 18 
3 22.66 6.42 18 

 
w12time_peak1 

Total 23.54 13.22 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

90.15 2 45.07 .79 .45 .02 1.58 .18 

Greenhouse- 
Geisser 

90.15 1.60 56.28 .79 .43 .02 1.26 .16 

Huynh-Feldt 90.15 1.71 52.47 .79 .44 .02 1.36 .16 

 
 
time 

Lower-
bound 

90.15 1.00 90.15 .79 .38 .02 .79 .13 

Sphericity  
Assumed  

16.57 2 8.28 .14 .86 .004 .291 .072 

Greenhouse-
Geisser 

16.57 1.60 10.34 .14 .81 .004 .23 .07 

Huynh-Feldt 16.57 1.71 9.64 .14 .83 .004 .25 .07 

 
time * 
cond. 

Lower-
bound  

16.57 1.00 16.57 .14 .70 .004 .14 .06 

Sphericity 
Assumed  

3869.47 68 56.90      

Greenhouse-
Geisser 

3869.47 54.46 71.04      

Huyng- 
Feldt  

3869.47 58.41 66.23      

 
Error 
(time) 

Lower-
bound 

3869.47 34.00 113.8      

a Computed using alpha = .05  
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Descriptive Statistics 

 Condition Mean 
 
 
 

Std. Deviation 

 

N  
1 75.10 8.81 

 

18 
3 73.54 9.14 

 

18 
max_KneeAnglesex 

Total  74.32 8.88 36 
1 74.57 10.55  

 

18 
3 72.95 9.34 

 
 

18 
w6max_KneeAnglesex 

Total 73.76 9.86 36 
1 74.50 11.33 

 
 

18 
3 72.43 6.77 

 

18 
 

w12max_KneeAnglesex 

Total 73.47 9.26 36 

 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

13.66 2 6.83 .63 .53 .01 1.27 .15 

Greenhouse- 
Geisser 

13.66 1.76 7.76 .63 .51 .01 1.12 .14 

Huynh-Feldt 13.66 1.90 7.17 .63 .52 .01 1.21 .15 

 
 
time 

Lower-
bound 

13.66 1.00 13.66 .63 .43 .01 .63 .12 

Sphericity  
Assumed  

1.40 2 .70 .06 .93 .002 .13 .06 

Greenhouse-
Geisser 

1.40 1.76 .79 .06 .91 .002 .11 .05 

Huynh-Feldt 1.40 1.90 .73 .06 .92 .002 .12 .05 

 
time * 
cond. 

Lower-
bound  

1.40 1.00 1.40 .06 .79 .002 .06 .05 

Sphericity 
Assumed  

726.65 68 10.68      

Greenhouse-
Geisser 

726.65 59.84 12.14      

Huyng- 
Feldt  

726.65 64.71 11.22      

 
Error 
(time) 

Lower-
bound 

726.65 34.00 21.37      

 
a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 3.82 4.98 18 
3 7.89 4.19 18 

Min_KneeAnglesex 

Total  5.86 4.98 36 
1 4.84 5.55 18 
3 7.07 4.85 18 

w6min_KneeAnglesex 

Total 5.96 5.26 36 
1 3.81 4.68 18 
3 7.53 4.19 18 

 
w12min_KneeAnglesex 

Total 5.67 4.77 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

1.49 2 .74 .18 .83 .005 .337 .07 

Greenhouse- 
Geisser 

1.49 1.94 .88 .18 .82 .005 .36 .07 

Huynh-Feldt 1.49 2.00 .74 .18 .83 .005 .37 .07 

 
 
time 

Lower-
bound 

1.49 1.00 1.49 .18 .66 .005 .18 .07 

Sphericity  
Assumed  

17.29 2 8.64 2.15 .12 .06 4.34 .42 

Greenhouse-
Geisser 

17.29 1.94 8.90 2.15 .12 .06 4.17 .41 

Huynh-Feldt 17.29 2.00 8.64 2.15 .12 .06 4.30 .42 

 
time * 
cond. 

Lower-
bound  

17.29 1.00 17.29 2.15 .15 .06 2.15 .29 

Sphericity 
Assumed  

273.22 68 4.01      

Greenhouse-
Geisser 

273.22 65.98 4.14      

Huyng- 
Feldt  

273.22 68.00 4.01      

 
Error 
(time) 

Lower-
bound 

273.22 34.00 8.03      

a Computed using alpha = .05  
 
 
 
 
 
 
 



 162
 
 

Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 -1.53 3.47 18 
3 -2.39 3.21 18 

max_KneeAnglesex 

Total  -1.96 3.32 36 
1 -.34 5.33 18 
3 -2.47 4.21 18 

w6max_KneeAnglesex 

Total -1.41 4.86 36 
1 -.28 4.03 18 
3 -2.46 3.25 18 

 
w12max_KneeAnglesex 

Total -1.37 3.77 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

7.89 2 3.94 1.01 .36 .02 2.20 .22 

Greenhouse- 
Geisser 

7.89 1.67 4.71 1.01 .35 .02 1.69 .20 

Huynh-Feldt 7.89 1.80 4.37 1.01 .36 .02 1.83 .21 

 
 
time 

Lower-
bound 

7.89 1.00 7.89 1.01 .32 .02 1.01 .16 

Sphericity  
Assumed  

10.12 2 5.06 1.30 .27 .03 2.60 .27 

Greenhouse-
Geisser 

10.12 1.67 6.04 1.30 .27 .03 2.18 .25 

Huynh-Feldt 10.12 1.80 5.61 1.30 .27 .03 2.34 .25 

 
time * 
cond. 

Lower-
bound  

10.12 1.00 10.12 1.30 .26 .03 1.30 .19 

Sphericity 
Assumed  

264.46 68 3.88      

Greenhouse-
Geisser 

264.46 56.95 4.64      

Huyng- 
Feldt  

264.46 61.32 4.31      

 
Error 
(time) 

Lower-
bound 

264.46 34.00 7.77      

a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 -9.74 6.23 18 
3 -11.21 3.57 18 

min_KneeAnglesy 

Total  -10.48 5.06 36 
1 -9.78 6.48 18 
3 -11.38 3.60 18 

w6min_KneeAnglesy 

Total -10.58 5.23 36 
1 -8.56 5.52 18 
3 -10.96 3.06 18 

 
w12max_KneeAnglesex 

Total -9.76 4.56 36 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

14.36 2 7.18 1.95 .14 .05 3.91 .39 

Greenhouse- 
Geisser 

14.36 1.58 9.08 1.95 .15 .05 3.09 .34 

Huynh-Feldt 14.36 1.69 8.47 1.95 .15 .05 3.32 .35 

 
 
time 

Lower-
bound 

14.36 1.00 14.36 1.95 .17 .05 1.95 .27 

Sphericity  
Assumed  

4.53 2 2.26 .61 .54 .01 1.23 .14 

Greenhouse-
Geisser 

4.53 1.58 2.86 .61 .50 .01 .97 .13 

Huynh-Feldt 4.53 1.69 2.67 .61 .51 .01 1.04 .14 

 
time * 
cond. 

Lower-
bound  

4.53 1.00 4.53 .61 .43 .01 .61 .11 

Sphericity 
Assumed  

249.26 68 3.66      

Greenhouse-
Geisser 

249.26 53.76 4.63      

Huyng- 
Feldt  

249.26 57.60 4.32      

 
Error 
(time) 

Lower-
bound 

249.26 34.00 7.33      

a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 4.13 1.66 18 
3 4.25 1.49 18 

max_KneeMOMx 

Total  4.19 1.56 36 
1 3.84 1.77 18 
3 4.06 1.24 18 

w6max_KneeMOMx 

Total 3.95 1.51 36 
1 3.91 1.62 18 
3 4.25 1.28 18 

 
w12max_KneeMOMx 

Total 4.08 1.45 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

1.05 2 .52 .78 .46 .02 1.56 .17 

Greenhouse- 
Geisser 

1.05 1.69 .62 .78 .44 .02 1.32 .16 

Huynh-Feldt 1.05 1.82 .57 .78 .45 .02 1.42 .17 

 
 
time 

Lower-
bound 

1.05 1.00 1.05 .78 .38 .02 .78 .13 

Sphericity  
Assumed  

.19 2 .09 .14 .86 .004 .28 .07 

Greenhouse-
Geisser 

.19 1.69 .11 .14 .83 .004 .24 .07 

Huynh-Feldt .19 1.82 .10 .14 .84 .004 .26 .07 

 
time * 
cond. 

Lower-
bound  

.19 1.00 .19 .14 .70 .004 .14 .06 

Sphericity 
Assumed  

45.75 68 .67      

Greenhouse-
Geisser 

45.75 57.57 .79      

Huyng- 
Feldt  

45.75 62.05 .73      

 
Error 
(time) 

Lower-
bound 

45.75 34.00 1.34      

a Computed using alpha = .05  
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Descriptive Statistics 
 Condition Mean Std. Deviation N  

1 -2.37 1.14 18 
3 -29 .81 18 

min_KneeMOMx 

Total  -2.33 .98 36 
1 -2.31 1.21 18 
3 -2.11 .57 18 

w6min_KneeMOMx 

Total -2.21 .93 36 
1 -2.32 1.08 18 
3 -2.22 .78 18 

 
w12min_KneeMOMx 

Total -2.27 .93 36 
 
 
 

Tests of Within-Subjects Effects  
Source  Type III 

Sum of 
Square 

df Mean 
Sq. 

F Sig Partial 
Eta Sq. 

Noncent. 
Parameter 

beta 
 

Sphericity  
Assumed 

.27 2 .13 .61 .54 .01 1.22 .14 

Greenhouse- 
Geisser 

.27 1.85 .14 .61 .53 .01 1.13 .14 

Huynh-Feldt .27 2.00 .13 .61 .54 .01 1.22 .14 

 
 
time 

Lower-
bound 

.27 1.00 .27 .61 .54 .01 1.22 .11 

Sphericity  
Assumed  

.07 2 .03 .16 .84 .005 .33 .07 

Greenhouse-
Geisser 

.07 1.85 .04 .16 .83 .005 .30 .07 

Huynh-Feldt .07 2.00 .03 .16 .84 .005 .33 .07 

 
time * 
cond. 

Lower-
bound  

.07 1.00 .07 .16 .68 .005 .16 .06 

Sphericity 
Assumed  

15.10 62.98 .24      

Greenhouse-
Geisser 

15.10 62.98 .24      

Huyng- 
Feldt  

15.10 68.00 .22      

 
Error 
(time) 

Lower-
bound 

15.10 34.00 .44      

a Computed using alpha = .05  
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VAS PAIN DURING STAIR DESCENT 

  
 
 
 

Descriptive Statistics 
 

 group Mean Std. Deviation N 
1 41.84 20.427 18 
2 42.81 19.790 18 

pain_stairs 

Total 42.29 19.847 36 
1 38.79 19.615 18 
2 34.69 22.210 18 

pain_stairsw6 

Total 36.91 20.630 36 
1 41.42 21.141 18 
2 23.13 19.589 18 

pain_stairsw12 

Total 33.06 22.168 26 
 
 
 
 
 

Tests of Within-Subjects Effects 
 

Measure: MEASURE_1 

Source  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. eta beta

time Sphericity 
Assumed 

1763.35
8 2 881 5.80 .002 .144 .838

 Greenhouse-
Geisser 

1763.35
8 1.76 987 5.76 .004 .144 .805

 Huynh-Feldt 1763.35
8 1.93 909 5.66 .003 .144 .829

 Lower-bound 1763.35
8 1.00 1763 5.76 .025 .144 .627

time * 
group 

Sphericity 
Assumed 

1732.50
1 2 866 5.66 .002 .142 .831

 Greenhouse-
Geisser 

1732.50
1 1.78 970 5.66 .004 .142 .798

 Huynh-Feldt 1732.50
1 1.93 893 5.66 .003 .142 .822

 Lower-bound 1732.50
1 1.00 1732 5.66 .026 .142 .620

Error(time
) 

Sphericity 
Assumed 

10504.3
75  149     

 Greenhouse-
Geisser 

10504.3
75 58.9 161     

 Huynh-Feldt 10504.3
75 63.9 157     
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T-Tests Analysis for Stair Descent 
 

 Mean Std Dev SEM t df sig 
C1vsC3 
Knee 
extension 
Angles: 
Week 1 

4.1 6.3 1.5 2.7 17 0.015 

C1vsC3 
Knee 
extension 
Angles: 
Week 1 

3.6 5.8 1.5 3.1 17 0.019 

C1vsC3 
Knee 
extension 
Angles: 
Week 1 

2.8 5.2 1.5 2.9 17 0.031 

C1vsC3 
Adduction 
moment 

.52 2.02 .226 2.3 17 .024 

C2vsC3 
Adduction 
moment 

.20 .126 .126 1.6 17 .114 

C1vsC2 
adduction 
moment 

.725 2.04 .228 3.17 17 .002 
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Post-Hoc Analysis: 
LEVEL WALING 

 
                               EARLY STANCE PEAK ADDUCTION MOMENT 
   
                                                               Standard 
  Effect           CONDITION  Week  CONDITION  Week  Estimate     Error    DF  t Value  Pr > |t| 
  
  CONDITION        1                3                 0.02537    0.1579    34     0.16    0.8734 
  Week_                       1                2      -0.2051    0.1251    68    -1.64    0.1056 
  Week_                       1                3      -0.5402    0.1251    68    -4.32    <.0001 
  Week_                       2                3      -0.3350    0.1251    68    -2.68    0.0092 
  CONDITION*Week_  1          1     1          2      -0.1632    0.1719    68    -0.95    0.3458 
  CONDITION*Week_  1          1     1          3      -0.2274    0.1719    68    -1.32    0.1903 
  CONDITION*Week_  1          1     3          1       0.2619    0.2140  84.9     1.22    0.2245 
  CONDITION*Week_  1          1     3          2      0.01480    0.2140  84.9     0.07    0.9450 
  CONDITION*Week_  1          1     3          3      -0.5911    0.2140  84.9    -2.76    0.0070 
  CONDITION*Week_  1          2     1          3     -0.06421    0.1719    68    -0.37    0.7099 
  CONDITION*Week_  1          2     3          1       0.4250    0.2140  84.9     1.99    0.0503 
  CONDITION*Week_  1          2     3          2       0.1780    0.2140  84.9     0.83    0.4080 
  CONDITION*Week_  1          2     3          3      -0.4279    0.2140  84.9    -2.00    0.0487 
  CONDITION*Week_  1          3     3          1       0.4892    0.2140  84.9     2.29    0.0247 
  CONDITION*Week_  1          3     3          2       0.2422    0.2140  84.9     1.13    0.2610 
  CONDITION*Week_  1          3     3          3      -0.3637    0.2140  84.9    -1.70    0.0929 
  CONDITION*Week_  3          1     3          2      -0.2471    0.1817    68    -1.36    0.1784 
  CONDITION*Week_  3          1     3          3      -0.8529    0.1817    68    -4.69    <.0001 
  CONDITION*Week_  3          2     3          3      -0.6059    0.1817    68    -3.33    0.0014 
  
             Effect           CONDITION  Week  CONDITION  Week  Adjustment       Adj P 
  
             CONDITION        1                3                Scheffe         0.8734 
             Week_                       1                2     Scheffe         0.2674 
             Week_                       1                3     Scheffe         0.0003 
             Week_                       2                3     Scheffe         0.0330 
             CONDITION*Week_  1          1     1          2     Scheffe         0.9691 
             CONDITION*Week_  1          1     1          3     Scheffe         0.8805 
             CONDITION*Week_  1          1     3          1     Scheffe         0.9115 
             CONDITION*Week_  1          1     3          2     Scheffe         1.0000 
             CONDITION*Week_  1          1     3          3     Scheffe         0.1934 
             CONDITION*Week_  1          2     1          3     Scheffe         0.9996 
             CONDITION*Week_  1          2     3          1     Scheffe         0.5613 
             CONDITION*Week_  1          2     3          2     Scheffe         0.9828 
             CONDITION*Week_  1          2     3          3     Scheffe         0.5538 
             CONDITION*Week_  1          3     3          1     Scheffe         0.3985 
             CONDITION*Week_  1          3     3          2     Scheffe         0.9353 
             CONDITION*Week_  1          3     3          3     Scheffe         0.7169 
             CONDITION*Week_  3          1     3          2     Scheffe         0.8677 
             CONDITION*Week_  3          1     3          3     Scheffe         0.0016 
             CONDITION*Week_  3          2     3          3     Scheffe         0.0418 
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WOMAC PAIN 
 
Effect    group  wk  group  wk  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P 
  
 group     1          2            8.5482    4.9823    33     1.72    0.0956  Scheffe       0.0956 
 wk                1          6    4.7253    2.4350    66     1.94    0.0566  Scheffe       0.1602 
 wk                1         12    7.2533    2.4350    66     2.98    0.0040  Scheffe       0.0156 
 wk                6         12    2.5280    2.4350    66     1.04    0.3030  Scheffe       0.5859 
 group*wk  1       1  1       6   -2.7368    3.2927    66    -0.83    0.4089  Scheffe       0.9828 
 group*wk  1       1  1      12   -1.3684    3.2927    66    -0.42    0.6791  Scheffe       0.9993 
 group*wk  1       1  2       1   -2.1743    5.7209  54.6    -0.38    0.7054  Scheffe       0.9996 
 group*wk  1       1  2       6   10.0132    5.7209  54.6     1.75    0.0857  Scheffe       0.6905 
 group*wk  1       1  2      12   13.7007    5.7209  54.6     2.39    0.0201  Scheffe       0.3447 
 group*wk  1       6  1      12    1.3684    3.2927    66     0.42    0.6791  Scheffe       0.9993 
 group*wk  1       6  2       1    0.5625    5.7209  54.6     0.10    0.9220  Scheffe       1.0000 
 group*wk  1       6  2       6   12.7500    5.7209  54.6     2.23    0.0300  Scheffe       0.4287 
 group*wk  1       6  2      12   16.4375    5.7209  54.6     2.87    0.0058  Scheffe       0.1589 
 group*wk  1      12  2       1   -0.8059    5.7209  54.6    -0.14    0.8885  Scheffe       1.0000 
 group*wk  1      12  2       6   11.3816    5.7209  54.6     1.99    0.0517  Scheffe       0.5595 
 group*wk  1      12  2      12   15.0691    5.7209  54.6     2.63    0.0110  Scheffe       0.2403 
 group*wk  2       1  2       6   12.1875    3.5882    66     3.40    0.0012  Scheffe       0.0540 
 group*wk  2       1  2      12   15.8750    3.5882    66     4.42    <.0001  Scheffe       0.0036 
 group*wk  2       6  2      12    3.6875    3.5882    66     1.03    0.3079  Scheffe       0.9566 
 
 

WOMAC ADL 
   
                                       
 Effect    group  wk  group  wk  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P 
  
 group     1          2            0.1558    2.7119    33     0.06    0.9545  Scheffe       0.9545 
 wk                1          6    5.6340    1.2339    66     4.57    <.0001  Scheffe       0.0001 
 wk                1         12    7.1912    1.2339    66     5.83    <.0001  Scheffe       <.0001 
 wk                6         12    1.5572    1.2339    66     1.26    0.2114  Scheffe       0.4553 
 group*wk  1       1  1       6    6.4444    1.7199    66     3.75    0.0004  Scheffe       0.0233 
 group*wk  1       1  1      12    6.5000    1.7199    66     3.78    0.0003  Scheffe       0.0214 
 group*wk  1       1  2       1    0.2353    3.0634  51.8     0.08    0.9391  Scheffe       1.0000 
 group*wk  1       1  2       6    5.0588    3.0634  51.8     1.65    0.1047  Scheffe       0.7412 
 group*wk  1       1  2      12    8.1176    3.0634  51.8     2.65    0.0107  Scheffe       0.2342 
 group*wk  1       6  1      12   0.05556    1.7199    66     0.03    0.9743  Scheffe       1.0000 
 group*wk  1       6  2       1   -6.2092    3.0634  51.8    -2.03    0.0478  Scheffe       0.5387 
 group*wk  1       6  2       6   -1.3856    3.0634  51.8    -0.45    0.6529  Scheffe       0.9990 
 group*wk  1       6  2      12    1.6732    3.0634  51.8     0.55    0.5873  Scheffe       0.9976 
 group*wk  1      12  2       1   -6.2647    3.0634  51.8    -2.05    0.0460  Scheffe       0.5286 
 group*wk  1      12  2       6   -1.4412    3.0634  51.8    -0.47    0.6400  Scheffe       0.9988 
 group*wk  1      12  2      12    1.6176    3.0634  51.8     0.53    0.5997  Scheffe       0.9979 
 group*wk  2       1  2       6    4.8235    1.7697    66     2.73    0.0082  Scheffe       0.2064 
 group*wk  2       1  2      12    7.8824    1.7697    66     4.45    <.0001  Scheffe       0.0033 
 group*wk  2       6  2      12    3.0588    1.7697    66     1.73    0.0886  Scheffe       0.7019 
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PAIN DURING STAIR DESCENT 

 
Effect    group  wk  group  wk  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P 
  
 group     1          2            7.1425    6.0048    33     1.19    0.2427  Scheffe       0.2427 
 wk                1          6    5.5888    3.0269    66     1.85    0.0693  Scheffe       0.1898 
 wk                1         12   10.0543    3.0269    66     3.32    0.0015  Scheffe       0.0061 
 wk                6         12    4.4655    3.0269    66     1.48    0.1449  Scheffe       0.3428 
 group*wk  1       1  1       6    3.0526    4.0931    66     0.75    0.4584  Scheffe       0.9895 
 group*wk  1       1  1      12    0.4211    4.0931    66     0.10    0.9184  Scheffe       1.0000 
 group*wk  1       1  2       1   -0.9704    6.9479  55.9    -0.14    0.8894  Scheffe       1.0000 
 group*wk  1       1  2       6    7.1546    6.9479  55.9     1.03    0.3076  Scheffe       0.9562 
 group*wk  1       1  2      12   18.7171    6.9479  55.9     2.69    0.0093  Scheffe       0.2178 
 group*wk  1       6  1      12   -2.6316    4.0931    66    -0.64    0.5225  Scheffe       0.9947 
 group*wk  1       6  2       1   -4.0230    6.9479  55.9    -0.58    0.5649  Scheffe       0.9968 
 group*wk  1       6  2       6    4.1020    6.9479  55.9     0.59    0.5573  Scheffe       0.9965 
 group*wk  1       6  2      12   15.6645    6.9479  55.9     2.25    0.0281  Scheffe       0.4151 
 group*wk  1      12  2       1   -1.3914    6.9479  55.9    -0.20    0.8420  Scheffe       1.0000 
 group*wk  1      12  2       6    6.7336    6.9479  55.9     0.97    0.3366  Scheffe       0.9662 
 group*wk  1      12  2      12   18.2961    6.9479  55.9     2.63    0.0109  Scheffe       0.2406 
 group*wk  2       1  2       6    8.1250    4.4603    66     1.82    0.0730  Scheffe       0.6523 
 group*wk  2       1  2      12   19.6875    4.4603    66     4.41    <.0001  Scheffe       0.0037 
 group*wk  2       6  2      12   11.5625    4.4603    66     2.59    0.0117  Scheffe       0.2570 
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