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Abstract
Among older adults, socialization is a key motivating factor for participation in physical activity. In order to develop evidence-based physical activity recommendations for older adults with knee pathologies a better understanding of knee biomechanics during social recreational activities is needed. The purpose of this study was to determine knee joint kinematics and kinetics in healthy older adults during golf and bowling. Knee biomechanics during these recreational activities were also compared to those experienced during activities of daily living. Motion analysis data were collected as subjects performed walking, stair ascent, stair descent, and either golf or bowling. Knee angles, peak knee moments, and peak ground reaction force were recorded. Comparisons were made between the recreational activity and activities of daily living. Knee flexion angle at peak knee extensor moment during bowling was as high as during stair descent. Peak knee extensor moment was as high during bowling as during stair ascent. For the golf lead knee, knee flexion angle at peak knee extensor moment and peak knee extensor moment were as high as during stair ascent. Peak knee abduction moment, peak knee internal rotation angle, and peak knee external rotation angle for the golf lead knee were larger than all activities of daily living. For the golf trail knee, peak knee external rotation angle was larger than all activities of daily living. These results suggest that the greatest challenge for the knee of healthy older males during bowling is in the sagittal plane. Additionally, these results indicate that golf poses challenges in all three planes for the lead knee and in the transverse plane for the trail knee. 
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CHAPTER I 

INTRODUCTION AND GENERAL INFORMATION

Physical activity is recommended for all adults as part of a healthy lifestyle. The American College of Sports Medicine recommends at least 30 minutes of moderate-intensity aerobic activity five days a week or 20 minutes of vigorous-intensity aerobic activity three days a week Haskell et al., 2007


( ADDIN EN.CITE )
. Individuals with chronic conditions may have difficulty reaching these physical activity recommendations. Osteoarthritis (OA) is one of the most prevalent chronic conditions in the United States and is estimated to affect 26.9 million adults United States Bone and Joint Initiative, 2011()
. Knee OA is the most common form of OA, often resulting in physical limitations during recreational and daily activities Guccione et al., 1994()
. Total knee replacement (TKR) is commonly prescribed as an end stage treatment for severe knee OA because TKR has been shown to decrease pain and increase function at the knee joint  Dieppe et al., 1999()
. By 2030, it is estimated that 3.48 million TKRs will be performed annually in the United States Kurtz et al., 2007()
. Following TKR, patients expect improvements in activities of daily living such as walking and stair climbing 
 ADDIN EN.CITE 
(Muniesa et al., 2010; Nilsdotter et al., 2009; Razmjou et al., 2009)
. In recent years, TKR patients have also expected improvements in knee function in terms of sport and recreation Nilsdotter et al., 2009


( ADDIN EN.CITE )
. It is important for TKR patients to be physically active in order to help combat comorbidities such as diabetes and hypertension. However, many people with TKR do not get sufficient physical activity Groen et al., 2012


( ADDIN EN.CITE ; Kersten et al., 2012)
. 


Recommendations for physical activity following a TKR are currently based on the personal opinions of surgeons 
 ADDIN EN.CITE 
(Swanson et al., 2009; McGrory et al., 1995)
. Surgeons tend to allow participation in activities postoperatively that are considered to be no impact or low impact Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. Activities that fall into this category include walking, swimming, cycling, bowling, and golf Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. Surgeons also tend to prohibit high impact activities following a TKR Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. These high impact activities include jogging, singles tennis, and racquetball, among others Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. The deciding factor for these recommendations appears to be the amount of impact incurred during an activity. Theoretically, high impact activities increase stresses on the prosthetic which may lead to fractures Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995)
. However, considerations are not given to other high demand aspects of these movements that may be challenging for the knee. This lack of evidence-based recommendations is due in part to an insufficient amount of biomechanical data on these popular recreational activities.

Overall, there is a decrease in the number of TKR patients who participate in recreational exercise postoperatively compared to preoperatively 
 ADDIN EN.CITE 
(Bradbury et al., 1998; Chatterji et al., 2005; Hopper & Leach, 2008; Huch et al., 2005; Wylde et al., 2008)
. Patients who participate in recreational activities following a TKR are more likely to participate in low impact activities compared to high impact activities Bradbury et al., 1998


( ADDIN EN.CITE ; Dahm et al., 2008)
. Following a TKR, patients most commonly participate in walking, swimming, cycling, golf, and bowling 
 ADDIN EN.CITE 
(Bradbury et al., 1998; Chatterji et al., 2005; Dahm et al., 2008; Hopper & Leach, 2008)
. Although walking, golf, and bowling are all recommended following a TKR, participation patterns differ among these activities postoperatively. Participation in walking for exercise is greater postoperatively compared to preoperatively Chatterji et al., 2005()
. In contrast, participation in both golf and bowling decreased following TKR surgery 
 ADDIN EN.CITE 
(Chatterji et al., 2005; Hopper & Leach, 2008)
. The most common reasons given for this reduction in participation is pain in the replaced joint and inability to perform the necessary movements because of the replacement Wylde et al., 2008


( ADDIN EN.CITE )
. There is a need to understand the demands on the knee in these popular activities in order to develop evidence-based activity recommendations following a TKR. However, the first step in developing these evidence-based activity recommendations is to determine the demands placed on the knee of healthy older adults during these popular recreational activities as a baseline. 

Differences in knee biomechanics between healthy older adults and TKR patients during activities of daily living may indicate compensatory patterns being utilized by the TKR patients. These differences in movement patterns highlight which aspects of the movement continue to be challenging or painful following a TKR. Both pain and inability to perform the movement have been shown to deter TKR patients from participating in recreation activities Wylde et al., 2008


( ADDIN EN.CITE )
. Therefore, it is important to determine what role these variables play in popular recreational activities.

Previous research has compared level ground walking knee biomechanics of patients with a TKR to healthy controls 
 ADDIN EN.CITE 
(Bolanos et al., 1998; Smith et al., 2006; Wilson et al., 1996; Benedetti et al., 2003; Mandeville et al., 2007; McClelland et al., 2011; Andriacchi et al., 1982; McClelland et al., 2010)
. Determining which biomechanical aspects of gait are not restored may indicate compensatory mechanisms used following a TKR.  In the sagittal plane, TKR patients exhibit a smaller knee flexion/extension range of motion during the entire gait cycle compared to healthy controls 
 ADDIN EN.CITE 
(Bolanos et al., 1998; Smith et al., 2006; Wilson et al., 1996)
. No studies report if this difference in knee flexion/extension range of motion occurs during the stance phase. However, TKR patients exhibit a smaller maximum knee flexion angle and smaller maximum knee extension angle during stance compared to healthy controls McClelland et al., 2011()
. Although no studies reported knee flexion angle at peak knee extensor moment, several studies indicate a smaller peak knee flexion during loading in TKR patients compared to healthy controls 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Bolanos et al., 1998; Mandeville et al., 2007; McClelland et al., 2011; Wilson et al., 1996)
. Since peak knee flexion during loading occurs congruently with peak knee extensor moment, smaller peak knee flexion during loading indicates that differences in knee flexion angle at peak knee extensor moment may also occur 
 ADDIN EN.CITE 
(Smith et al., 2006; Wilson et al., 1996)
. Peak internal knee extensor moment is also smaller in TKR patients compared to healthy controls during walking Andriacchi et al., 1982


( ADDIN EN.CITE ; McClelland et al., 2010)
. In the frontal plane, patients with a TKR elicit both smaller and similar first peak internal knee abduction moment during walking compared to healthy controls 
 ADDIN EN.CITE 
(Alnahdi et al., 2011; Benedetti et al., 2003; Mandeville et al., 2008; McClelland et al., 2010; Milner & O'Bryan, 2008)
. In the transverse plane, peak knee internal rotation angle during stance was smaller in patients with a TKR compared to healthy controls McClelland et al., 2011()
. In contrast, peak knee external rotation angle during stance was larger in the TKR group compared to healthy controls  McClelland et al., 2011()
. Differences have also been reported in ground reaction force between TKR patients and healthy controls McClelland et al., 2010()
. When comparing patients with a TKR to healthy controls, peak vertical ground reaction force was smaller in the TKR group McClelland et al., 2010()
. These differences in knee biomechanics may be an indication of certain aspects of walking that present a greater challenge for the TKR knee compared to a healthy knee. 

Several studies have investigated differences in knee biomechanics during stair ascent between TKR patients and healthy controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Mandeville et al., 2007; Wilson et al., 1996)
. Analysis of knee biomechanics during stair ascent following a TKR may indicate compensatory patterns used during activities of daily living that are not evident during walking. In the sagittal plane, knee flexion/extension range of motion is smaller in patients with a TKR compared to healthy controls Fantozzi et al., 2003()
. Knee flexion angle at peak internal knee extensor moment during stair ascent is also smaller in TKR patients compared to controls Catani et al., 2003()
. Compared to healthy controls, TKR patients also exhibit a smaller knee flexion angle at foot strike 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Comparisons between healthy controls and patients with a TKR indicate a smaller peak internal knee extensor moment in the TKR group 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Wilson et al., 1996)
. In the frontal plane, patients with a TKR display both a smaller and similar peak internal knee abduction moment during stair ascent compared to healthy controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Greater knee flexion excursion during loading and larger internal knee extensor moments are required of the TKR patients during stair ascent compared to walking 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Catani et al., 2003; Mandeville et al., 2007; McClelland et al., 2010)
. This indicates that stair ascent places greater demands on the TKR knee than level ground walking.


Previous research has compared knee biomechanics during stair descent between TKR patients and healthy controls. Differences between the two groups have been found in sagittal plane kinematics and kinetics. Compared to healthy controls, knee flexion/extension range of motion during the entire gait cycle is smaller in TKR patients Bolanos et al., 1998


( ADDIN EN.CITE ; Wilson et al., 1996)
. However, knee flexion/extension range of motion during the stance phase of stair descent is similar in TKR patients and healthy controls Catani et al., 2003()
. Knee flexion angle at peak knee extensor moment is smaller in TKR patients compared to healthy controls Catani et al., 2003()
. Comparisons between patients with a TKR and healthy controls indicate that peak internal knee extensor moment during stair descent is smaller or similar in the TKR group 
 ADDIN EN.CITE 
(Andriacchi et al., 1982; Catani et al., 2003)
. In the TKR population, peak internal knee extensor moment is greater during stair descent compared to stair ascent Andriacchi et al., 1982()
. This indicates that stair descent poses a greater challenge for the TKR knee than both walking and stair ascent. The knee biomechanics that are altered following a TKR in these activities of daily living may also be altered during popular physical activities.


Golf is a popular low impact activities that patients participate in following TKR surgery Bradbury et al., 1998


( ADDIN EN.CITE ; Chatterji et al., 2005; Huch et al., 2005)
 and is also recommended by surgeons for participation postoperatively Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995)
. Swinging a golf club requires rapid rotation of the trunk while maintaining foot position, which can have implications at the knee joint Okuda et al., 2010()
. Unlike walking and stair negotiation, asymmetry exists between the lead and trail knee. Greater peak internal knee flexor moment, peak internal knee adduction moment, and peak internal knee internal rotation moment are indicative of the lead knee compared to the trail knee during a golf swing Gatt et al., 1998()
. When comparing the lead and trail knees, greater peak internal knee extensor moment, peak internal knee abduction moment, and peak internal knee external rotation moment are exhibited by the trail knee Gatt et al., 1998()
. A rapid weight transfer also occurs during the golf swing 
 ADDIN EN.CITE 
(Okuda et al., 2010; Richards et al., 1985)
. At the top of the backswing, a larger amount of the golfer’s body weight is over the trail foot compared to the lead foot 
 ADDIN EN.CITE 
(Okuda et al., 2010; Richards et al., 1985)
. By the time of ball contact, a majority of the golfer’s body weight has been transferred to the lead foot 
 ADDIN EN.CITE 
(Okuda et al., 2010; Richards et al., 1985)
. This rapid weight transfer, in conjunction with high knee moments, may cause an environment of similar challenge to the knee as stair negotiation.


Current research on knee biomechanics during a golf swing following a TKR has focused on sagittal and transverse plane kinematics at the knee. The lead knee undergoes rapid extension from the top of the backswing to the end of the follow through as it goes through 21.2° of flexion/extension range of motion Hamai et al., 2008


( ADDIN EN.CITE )
. The trail knee experiences 17° of flexion/extension range of motion Hamai et al., 2008


( ADDIN EN.CITE )
. The lead knee exhibits a peak external rotation angle of 13° at the top of the backswing. The lead knee then goes through more than 11° of rotation before the end of the follow through Hamai et al., 2008


( ADDIN EN.CITE )
. It has been reported that the trail knee in the TKR patient experiences a peak knee internal rotation angle of 16° during a golf swing Hamai et al., 2008


( ADDIN EN.CITE )
. At the end of the follow through, the trail knee reaches a peak external rotation angle of 5.5° Hamai et al., 2008


( ADDIN EN.CITE )
. Both knees experience a large amount of transverse plane motion in a short period of time.  Direct comparisons between TKR patients and healthy controls have not been reported. 

Another popular physical activity that is considered low impact and is recommended following TKR surgery is bowling Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995)
. However, there is a reduction in bowling participation postoperatively compared to preoperatively. Currently, knee biomechanics during bowling have not been reported in the literature.  


Comparison of knee biomechanics in older adults during physical activity and activities of daily living is limited. Determining the knee biomechanics during popular physical activities is especially important for those patients who want to be active following a TKR. Comparing knee biomechanics during popular physical activities and activities of daily living in healthy older adults provides a baseline for the type of challenge placed on the knee during each activity. Understanding the knee biomechanics of this healthy population will provide scientific evidence on which to base recommendations for physical activity following a TKR. Findings from this comparison can also provide a basis for future study of knee biomechanics in patients with a TKR during recreational activities.  
Purpose

The purpose of this study is to determine knee joint kinematics and kinetics in healthy older adults during golf and bowling.  In addition, comparisons will be made between the knee biomechanics in these physical activities and those experienced during walking, stair ascent, and stair descent.  
Hypothesis
1. Knee flexion/extension range of motion will be similar among conditions.

2. Knee flexion angle at peak knee extensor moment will be similar among conditions.

3. Peak internal knee extensor moment will be similar among conditions.

4. Peak internal knee abduction moment will be similar among conditions.

5. Peak knee internal rotation angle will be similar among conditions.

6. Peak knee external rotation angle will be similar among conditions.

7. Peak vertical ground reaction force will be similar among conditions.

Limitations
1. Error may exist within the motion capture process due to skin motion artifact and camera calibration. However, sound biomechanical procedures were followed to reduce this error source as much as possible.

2. In overweight and obese participants, marker placement over the skin may not accurately reflect the location of the bony landmark.
Delimitations

1. The participants recruited were a convenience sample from Knox County golf courses, bowling alleys, and senior citizen centers.

2. The recruited participants were participating in regular physical activity and had no injuries at the time of testing.

3. The participants performed five successful trials for each of the conditions.

4.  A nine camera motion analysis system with a sampling frequency of 240Hz (Vicon MX, Oxford. Metrics, Oxford, UK) and two synchronized force plates with a sampling frequency of 1200 Hz (AMTI, Newton, MA, USA) were used to collect kinematic and kinetic data. 

CHAPTER II 
LITERATURE REVIEW
Incidence of Osteoarthritis and Total Knee Replacement

In 2005, it was estimated that 26.9 million adults suffered from osteoarthritis (OA) in at least one joint United States Bone and Joint Initiative, 2011()
. Osteoarthritis most commonly causes debilitating effects for older adults in the knee joint Guccione et al., 1994()
. Nearly 31% of these adults are limited while walking a mile Guccione et al., 1994()
. One common treatment for knee OA is a total knee replacement (TKR), which has been shown to be effective in decreasing pain and increasing function Dieppe et al., 1999()
. According to the Nationwide Inpatient Sample data, 402,100 TKR procedures were performed in the United States in 2003 Kurtz et al., 2007()
.  This number is projected to increase to 3.48 million procedures annually by 2030 Kurtz et al., 2007()
. More than 90% of the patients that received a primary TKR between 1990 and 2004 were aged 45 to 85 years Memtsoudis et al., 2009()
. Over the next decade, TKR will become an increasingly common surgery among older adults.
Patient Expectations for a Total Knee Replacement
Patients’ preoperative expectations for the postoperative outcome are an indication of the goals the patient hopes to achieve following a TKR. Improvements in activities of daily living such as walking and stair negotiation are rated among the most important aspects following a TKR Muniesa et al., 2010


( ADDIN EN.CITE ; Nilsdotter et al., 2009; Razmjou et al., 2009)
. However, Razmjou et al. (2009) found that younger and more physically healthy patients have higher expectations concerning participation in recreational activities Razmjou et al., 2009()
. A survey of 102 preoperative patients determined that 72% expected an improvement in sport and recreational function Nilsdotter et al., 2009


( ADDIN EN.CITE )
. More specifically, 41% of these patients expected to be able to participate in golf and dance postoperatively Nilsdotter et al., 2009


( ADDIN EN.CITE )
. With an increase in life expectancy and a more active post retirement lifestyle, expectations concerning the return to sport and recreational activities are becoming more important.  

Recommendations for Physical Activity Following Total Knee Replacement


Current guidelines for physical activity following a TKR are based on surgeon recommendations Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. Many of these surgeons report that their recommendations are not based on scientific evidence, but on personal opinion Swanson et al., 2009()
. Since these recommendations are based on personal opinion they may be biased. In order for these recommendations to be substantiated, biomechanical research of these activities is necessary. This research will provide surgeons with scientific evidence on which to base their recommendations.    


Orthopedic surgeons tend to allow their patients to participate in low impact activities and prohibit high impact activities following a TKR Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. Fifty-eight members of The Knee Society were surveyed about their recommendations concerning 42 athletic activities following TKR Healy et al., 2001


( ADDIN EN.CITE )
. Activities were ranked as recommended/allowed, allowed with experience, no opinion, or not recommended. The rankings were considered significant if at least 73% agreement was reached. Activities considered no impact or low impact including walking, swimming, bowling, golf, and stationary bicycling were classified as recommended/allowed. High impact activities such as singles tennis, jogging, racquetball, and basketball were classified as not recommended Healy et al., 2001


( ADDIN EN.CITE )
. 


McGrory et al. (1995) surveyed 13 orthopedic surgeons, 2 fellows and 13 fifth-year residents concerning which activities they would allow their patients to regularly participate in following a TKR McGrory et al., 1995()
. An activity was classified as recommended if more than 75% of the surgeons would allow regular participation. Golf, swimming, cycling, and bowling were considered recommended activities. Golf was the only activity in which all of the surveyed surgeons stated that they would allow regular participation for their TKR patients. Activities that were classified as not recommended included high impact activities such as racquetball, running, football, and soccer McGrory et al., 1995()
. 

Another study categorized activities based on frequency of participation Swanson et al., 2009()
. One hundred and thirty-nine members of the American Association for Hip and Knee Surgeons reported their recommendations for 15 specified activities. The three frequency categories were unlimited, occasional (1-2 times per month), or discouraged. Swimming, golf, walking on even surfaces, and cycling on even surfaces were recommended for unlimited frequency with more that 95% agreement among surgeons. Jogging, sprinting, and skiing on difficult terrain were discouraged with more than 75% agreement Swanson et al., 2009()
. The activities recommended for unlimited frequency of participation following a TKR are low impact in nature.   


Based on these three studies, the activities considered to be recommended or allowed following a TKR are golf, swimming, walking, cycling, and bowling Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995; Swanson et al., 2009)
. All of these activities are considered low impact. The amount of impact incurred during an activity appears to be the determining factor for the recommendation guidelines. Theoretically, the prosthesis incurs greater stress during high impact activities which may contribute to failure rates Healy et al., 2001


( ADDIN EN.CITE ; McGrory et al., 1995)
. However, some of the recommended activities may require large demands from the knee in terms of amount of knee flexion or knee extensor moment during loading. Such high demands on the knee may also be detrimental to the prosthetic. 

Participation in Purposeful Exercise Following TKR


Sports and exercise were the most common leisure time activities to be rated as difficult to perform following a TKR Wylde et al., 2012()
. Of the 280 patients who were unable to return to their preoperative level of sport participation following hip or knee replacement, 68.6% stated that it was due to the joint replacement Wylde et al., 2008


( ADDIN EN.CITE )
. These patients most commonly reported that they were unable to return because the joint replacement caused pain or restricted their ability to perform the movements Wylde et al., 2008


( ADDIN EN.CITE )
. The frequency of sport participation per week was also reduced following a TKR Hopper & Leach, 2008()
. The most common reasons given for this reduction in frequency were ‘as a precaution’ and pain in the replaced knee Hopper & Leach, 2008()
. Therefore, participation in leisure time activities may be altered following a TKR due to concerns about the replaced joint. 


Following a TKR, there is a reduction in the number of patients who engage in purposeful exercise 
 ADDIN EN.CITE 
(Bradbury et al., 1998; Chatterji et al., 2005; Hopper & Leach, 2008; Huch et al., 2005; Wylde et al., 2008)
. Those patients who return to purposeful exercise are more likely to participate in low impact activities compared to high impact activities Bradbury et al., 1998


( ADDIN EN.CITE ; Dahm et al., 2008)
. Walking, swimming, golf, bowling, and cycling are among the most popular activities postoperatively 
 ADDIN EN.CITE 
(Bradbury et al., 1998; Chatterji et al., 2005; Dahm et al., 2008; Hopper & Leach, 2008)
.

 
A significant change in participation from pre- to post-operation has been reported in exercise walking, golf, and bowling 
 ADDIN EN.CITE 
(Chatterji et al., 2005; Hopper & Leach, 2008)
. An increase in exercise walking postoperatively was observed among 144 TKR patients Chatterji et al., 2005()
. Of the 104 patients that reported participating in exercise walking postoperatively, 19 had not walked for exercise before surgery Chatterji et al., 2005()
. A decrease in golf and bowling participation has also been reported following TKR 
 ADDIN EN.CITE 
(Chatterji et al., 2005; Hopper & Leach, 2008)
. A survey of 144 TKR patients found that 19 patients participated in golf preoperatively, which was reduced by 52.6% postoperatively Chatterji et al., 2005()
. Another survey determined that of the 17 patients who reported participating in golf before TKR surgery, 70.6% no longer participated in golf following surgery Hopper & Leach, 2008()
. Hopper and Leach (2008) also observed a 58.8% reduction in bowling participation after TKR surgery among the 17 patients who reported participation in bowling before surgery Hopper & Leach, 2008()
. Patients increase their participation in walking for exercise following a TKR surgery. However, patients tend to stop participating in golf and bowling although these activities are also considered low impact and recommended for participation following a TKR. 
Purposeful Exercise Among Healthy Older Adults


In 2011, US adults aged 55 and over spent nearly 6.6 hours a day participating in leisure and sports activities Abraham et al., 2011()
. Participation in sports, exercise and recreation consumed an average of .27 hours each weekday for older adults Abraham et al., 2011()
. Among older adults, those aged 60 to 69 years were the most likely to spend more than 150 minutes a week participating in leisure time physical activity Hughes et al., 2008


( ADDIN EN.CITE )
. According to a survey of 5,607 US adults aged 60 and older, walking is the most frequent leisure time physical activity Hughes et al., 2008


( ADDIN EN.CITE )
. Walking accounted for 34% of all reported activities; followed by yard work (12%), bicycling (8%), and golf (6%) Hughes et al., 2008


( ADDIN EN.CITE )
. However, a single session of walking for exercise lasted an average of 29.7 minutes, while a single session of golf lasted an average of 172.8 minutes Ham et al., 2009()
. Although walking was reported as the most frequent leisure time physical activity performed by older adults, more time may be spent participating in golf due to the length of each individual session.  
Knee Mechanics During Gait Following TKR


A TKR is prescribed as a means to reduce pain and restore normal mechanics to the affected knee joint. However, WOMAC scores indicate that limitations persist during the majority of daily activities at least 15 years postoperatively Loughead et al., 2008


( ADDIN EN.CITE )
. Therefore, three dimensional gait analysis has been used to determine which aspects of gait after TKR are altered. Much of the research has focused on comparisons between TKR patients and healthy controls during level ground walking. These studies have analyzed sagittal, frontal, and transverse plane knee kinematics and kinetics in order to determine what aspects of normal joint biomechanics are not restored. These differences may indicate aspects of level ground walking that are challenging or painful following a TKR.  
Sagittal Plane Knee Biomechanics



TKR patients have shown differences in sagittal plane knee kinematics compared to healthy controls while walking at a self-selected speed 
 ADDIN EN.CITE 
(Mandeville et al., 2007; McClelland et al., 2011; Smith et al., 2006; Wilson et al., 1996)
. Kinematic data indicates that patients with a TKR exhibit a smaller flexion/extension range of motion during loading than healthy controls 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Bolanos et al., 1998; McClelland et al., 2011; Wilson et al., 1996)
. No study reported knee flexion/extension range of motion during the stance phase. However, across the entire gait cycle, TKR patients exhibit a smaller knee flexion/extension range of motion (49.7 to 53.2°)  compared to healthy controls (57.1° to 61.4°) 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Bolanos et al., 1998; Wilson et al., 1996)
. McClelland et al. (2011) also reported that both maximum knee flexion angle during stance and maximum knee extension angle during stance are lower in the TKR group (11.98° and 0.63°, respectively) compared to the control group (17.29° and -0.53°, respectively) McClelland et al., 2011()
. Although no studies have reported knee flexion angle at peak knee extensor moment during walking, maximum knee flexion angle during loading is a good indicator of this variable. Studies have shown that maximum knee flexion angle during loading occurs at a similar time during stance as maximum knee internal extensor moment 
 ADDIN EN.CITE 
(Smith et al., 2006; Wilson et al., 1996)
. Several studies have reported that TKR patients exhibit a smaller maximum knee flexion angle during the loading response compared to healthy controls 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Bolanos et al., 1998; Mandeville et al., 2007; McClelland et al., 2011; Wilson et al., 1996)
. Maximum knee flexion angle during loading in TKR patients has been shown to be 22 to 46% smaller compared to healthy controls while walking at a self-selected speed 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Bolanos et al., 1998; Mandeville et al., 2007; McClelland et al., 2011; Wilson et al., 1996)
.  Bendetti et al. (2003) reported a maximum knee flexion angle during loading of 11.5° in TKR patients 24 months postoperatively and 16.7° in the control group 
 ADDIN EN.CITE 
(Benedetti et al., 2003)
. Another study reported that TKR patients 22 to 98 months post-surgery exhibited a maximum knee flexion angle during loading of 13.9° compared to 17.8° in the healthy controls Wilson et al., 1996()
. The amount of time since the TKR surgery may affect maximum knee flexion angle due to changes in muscle strength or confidence in the replacement. The results of these studies suggest that following a TKR, patients walk with their knee in a more extended position.


Differences have also been reported between TKR patients and healthy controls in sagittal plane knee kinetics 
 ADDIN EN.CITE 
(Andriacchi et al., 1982; Benedetti et al., 2003; McClelland et al., 2010; Saari et al., 2005; Smith et al., 2006)
. Sagittal plane knee moment pattern during walking in healthy subjects is characterized by an internal extensor moment during early mid-stance and an internal flexor moment during late stance 
 ADDIN EN.CITE 
(Smith et al., 2006)
. Smaller early mid-stance internal knee extensor moment is present in patients with a TKR compared to healthy controls 
 ADDIN EN.CITE 
(Andriacchi et al., 1982; McClelland et al., 2010; Saari et al., 2005; Smith et al., 2006)
. Following a TKR, patients exhibit a 28 to 50% smaller peak internal knee extensor moment compared to controls 
 ADDIN EN.CITE 
(Andriacchi et al., 1982; McClelland et al., 2010; Saari et al., 2005; Smith et al., 2006)
. When normalized to body weight and height, peak early mid-stance internal knee extensor moment during walking has been reported between 1.80 and 2.12%BW-Ht in TKR patients and between 2.74% and 2.95%BW-Ht in healthy controls Andriacchi et al., 1982


( ADDIN EN.CITE ; McClelland et al., 2010)
. Smith et al. (2006) reported a 40% smaller early mid-stance knee extensor moment in TKR patients (0.18 Nm/kg) compared to healthy controls (0.24 Nm/kg) when the moment was normalized to body weight 
 ADDIN EN.CITE 
(Smith et al., 2006)
. A higher BMI was reported in the TKR group compared to the control group which may account for the greater difference in knee extensor moment between the two groups compared to the other studies 
 ADDIN EN.CITE 
(Smith et al., 2006)
. The “stiff-knee pattern” utilized by TKR patients may result in a smaller internal knee extensor moment during the first portion of stance.  

Frontal Plane Knee Biomechanics



The literature on first peak internal knee abduction moment during gait at a self-selected speed following TKR is conflicting 
 ADDIN EN.CITE 
(Alnahdi et al., 2011; Benedetti et al., 2003; Mandeville et al., 2008; Milner & O'Bryan, 2008)
. It has been reported that the first peak knee abduction moment during walking following a TKR is smaller 
 ADDIN EN.CITE 
(Alnahdi et al., 2011; Benedetti et al., 2003; McClelland et al., 2010)
 and similar Milner & O'Bryan, 2008()
 to a healthy control group. At least one year postoperatively, first peak knee abduction moment has been reported between 2.0 and 3.06%Bw-Ht, which is 18 to 35% smaller than in the control group 
 ADDIN EN.CITE 
(Alnahdi et al., 2011; Benedetti et al., 2003; McClelland et al., 2010)
. Milner et al. (2008) reported similar first peak knee abduction moments in TKR patients (-0.047%Fat-free BW-Ht) compared to healthy controls (-0.045%Fat-free BW-Ht) Milner & O'Bryan, 2008()
. Moments were normalized to fat-free weight and height to control for body fat Milner & O'Bryan, 2008()
. As noted above, the manner in which the moments are normalized may alter the study results.  

Transverse Plane Knee Biomechanics


Only one study has analyzed transverse plane knee kinematics during gait following TKR McClelland et al., 2011()
. Comparisons were made between 40 TKR patients and 40 healthy controls during walking at a self-selected speed. The TKR group demonstrated a smaller maximum internal rotation angle during stance (7.23°) compared to the healthy controls (12.60°) McClelland et al., 2011()
. The TKR group also exhibited a larger maximum external rotation angle during stance (3.29°) McClelland et al., 2011()
. The control group did not exhibit an external rotation angle during stance but demonstrated a minimum internal rotation angle (0.25°) McClelland et al., 2011()
. This study suggests that following TKR, patients walk with their knee in a more externally rotated position than healthy controls. 

Ground Reaction Force 


Patients with a TKR also exhibit a smaller maximum vertical ground reaction force while walking at a self-selected speed compared to healthy controls McClelland et al., 2010()
.  McClelland et al. (2010) analyzed the ground reaction forces of 40 patients at least 12 months post-surgery and 40 healthy controls while walking at a comfortable speed. Maximum vertical ground reaction force in the TKR group was smaller (101.84%BW-Ht) compared to in the control group (109.61%BW-Ht) McClelland et al., 2010()
. Smaller peak vertical ground reaction force during walking in TKR patients compared to healthy controls may indicate the use of a compensatory strategy to reduce internal moments at the knee.  

Summary 



Knee joint mechanics are not restored to normal during level ground walking following a TKR. Compared to healthy controls, it has been reported that patients with a TKR walk with a smaller knee flexion/extension range of motion during stance 
 ADDIN EN.CITE 
(Smith et al., 2006; Wilson et al., 1996; Benedetti et al., 2003; Bolanos et al., 1998; McClelland et al., 2011)
 and smaller maximum knee flexion angle during loading, which is similar to knee flexion angle at peak knee extensor moment 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Mandeville et al., 2007; McClelland et al., 2011; Wilson et al., 1996)
. TKR patients also exhibit a smaller internal knee extensor moment during early mid-stance compared to healthy controls Andriacchi et al., 1982


( ADDIN EN.CITE ; McClelland et al., 2010)
. Conflicting results exist among studies that compare first peak internal abduction moment between patients with TKR and healthy controls 
 ADDIN EN.CITE 
(Alnahdi et al., 2011; Benedetti et al., 2003; McClelland et al., 2010; Milner & O'Bryan, 2008)
. Studies have reported either a smaller or similar first peak internal abduction moment in the TKR group compared to the control group 
 ADDIN EN.CITE 
(Alnahdi et al., 2011; Benedetti et al., 2003; McClelland et al., 2010; Milner & O'Bryan, 2008)
. Patients with a TKR have also exhibited a lower peak knee internal rotation angle during stance compared to controls 
 ADDIN EN.CITE 
(McClelland et al., 2010; McClelland et al., 2011)
. Compared to healthy controls, TKR patients demonstrate a greater peak knee external rotation angle during walking McClelland et al., 2011()
.While walking at a self-selected speed, it has been reported that TKR patients exhibit a lower peak vertical ground reaction force than healthy controls McClelland et al., 2010()
.  

Knee Mechanics During Stair Ascent Following TKR


Like level ground walking, stair ascent is an important ambulatory activity of daily living. However, stair ascent requires the entire body to be substantially raised against gravity. This characteristic poses a greater challenge to the lower extremity joints, including the knee. To determine if TKR surgery results in normal knee biomechanics during these greater demands, comparisons have been made between TKR patients and healthy controls during stair ascent. Biomechanical research has analyzed sagittal and frontal plane knee kinematics and kinetics to determine whether differences exist between TKR patients and healthy controls.

Sagittal Plane Knee Biomechanics


Compared to healthy controls, knee kinematics and kinetics during stair ascent are altered in the sagittal plane following a TKR 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Mandeville et al., 2007; Saari et al., 2004)
. Patients with a TKR exhibit a smaller knee flexion/extension range of motion during stance 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
, smaller knee flexion angle at peak internal knee extensor moment Catani et al., 2003()
, smaller knee flexion angle at foot strike 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
, and smaller maximum internal knee extensor moment 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Wilson et al., 1996)
 while ascending stairs at a self-selected speed compared to controls. Knee flexion/extension range of motion during stance of stair ascent has been reported between 46.6 and 51.5° in TKR patients, which is significantly smaller than in healthy controls (56.7°) 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Catani et al. (2003) reported that an average of 11 months postoperatively, TKR knee flexion angle at peak internal knee extensor moment during stair ascent was 17 to 28% smaller (40.9 to 47.1°) compared to healthy controls (56.8°) Catani et al., 2003()
. It has been reported that knee flexion angle at foot strike during stair ascent was 23 to 33% smaller in TKR patients (44.9 to 51.8°) compared to healthy controls (67.7°) 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Compared to healthy controls (6.5%BW-Ht), maximum internal knee extensor moment during stair ascent has been reported to be close to 50% smaller following TKR (2.9 to 3.3%BW-Ht) 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Mandeville et al. (2007) hypothesized that by reducing the amount of knee flexion, TKR patients may be attempting to stabilize the knee. This stabilization would then allow the patient to reduce the amount of internal knee extensor moment necessary to ascend stairs Mandeville et al., 2007()
.
Frontal Plane Knee Biomechanics


A difference in frontal plane knee moments exists between TKR patients and healthy controls during stair ascent 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Mandeville et al., 2008)
. Conflicting results have been reported for maximum internal knee abduction moment between TKR patients and healthy controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. It has been reported that maximum internal knee abduction moment is smaller or similar in TKR patients compared to controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Analysis of 10 TKR patients during stair ascent at a self-selected speed resulted in a nearly 30% smaller maximum knee abduction moment in TKR patients (1.8%BW-Ht) compared to healthy controls (2.7%BW-Ht) 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. In contrast, a similar maximum internal knee abduction moment has been reported in TKR patients (2.7 to 2.9%Bw-Ht) compared to healthy controls (2.7%BW-Ht) during stair ascent 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
.These differences in maximum knee abduction moment may be due to the design of the TKR. Mandeville et al. (2008) reported a smaller internal knee abduction moment at the first peak vertical ground reaction force during stair ascent in TKR patients (3.13%BW-Ht) compared to healthy controls (4.69%BW-Ht) 
 ADDIN EN.CITE 
(Mandeville et al., 2008)
.  Fantozzi et al. (2003) hypothesized that the reduction in maximum knee abduction moment may be a result of lateral trunk lean toward the knee with the prosthesis 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. This compensatory pattern would shift the body’s center of mass laterally. This shift would shorten the moment arm of the ground reaction force, resulting in a smaller internal knee abduction moment. 

Transverse Plane Knee Biomechanics 


Currently, no research has compared transverse plane knee kinematics or kinetics during stair ascent between TKR patients and healthy controls.

Summary

Sagittal and frontal plane knee kinematics and kinetics during stair ascent are altered following TKR 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Mandeville et al., 2007; Mandeville et al., 2008; Saari et al., 2004)
 Studies have consistently reported a smaller knee flexion/extension range of motion during stance while ascending stairs in patients with TKR compared to healthy controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Compared to healthy controls, TKR patients demonstrate a smaller knee flexion angle at peak internal knee extensor moment during stair ascent Catani et al., 2003()
.TKR patients also exhibit a smaller knee flexion angle at foot contact compared to healthy controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Compared to healthy controls, maximum internal knee extensor moment is smaller in TKR patients 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003; Wilson et al., 1996)
. Conflicting frontal plane knee moment results have been reported 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. Studies have reported a smaller or similar maximum internal knee abduction moment when TKR patients are compared to healthy controls 
 ADDIN EN.CITE 
(Catani et al., 2003; Fantozzi et al., 2003)
. A smaller knee abduction moment at first peak vertical ground reaction force has been reported in TKR patients compared to healthy controls during stair ascent 
 ADDIN EN.CITE 
(Mandeville et al., 2008)
.  
Knee Mechanics During Stair Descent Following TKR


Previous research has compared TKR patients to healthy controls during stair descent to determine if knee biomechanics are altered postoperatively. Differences in sagittal plane knee kinematics and kinetics have been reported during stair descent between TKR patients and healthy controls 
 ADDIN EN.CITE 
(Andriacchi et al., 1982; Bolanos et al., 1998; Catani et al., 2003)
. Across the entire gait cycle, TKR patients exhibit a smaller knee flexion/extension range of motion during stair descent (84 to 88°) compared to healthy controls (96 to 97°) Bolanos et al., 1998


( ADDIN EN.CITE ; Wilson et al., 1996)
. Catani et al. (2003) reported that knee flexion/extension range of motion during the stance phase of stair descent was not different between TKR patients and healthy controls Catani et al., 2003()
.Catani et al. (2003) also determined that TKR patients exhibited a smaller knee flexion angle at peak knee extensor moment (43.0 to 47.1°) compared to healthy controls (51.5°) Catani et al., 2003()
. Comparisons between TKR patients and healthy controls indicate conflicting results concerning peak internal knee extensor moment in TKR patients during stair descent 
 ADDIN EN.CITE 
(Andriacchi et al., 1982; Catani et al., 2003)
. Andriacchi et al. (1982) reported a smaller peak internal knee extensor moment in TKR patients (8.67%BW-Ht) compared to healthy controls (11.2%BW-Ht) Andriacchi et al., 1982()
. Catani et al. (2003) reported a similar peak internal knee extensor moment during stair descent in TKR patients (4.4 to 5.3%BW-Ht) compared to healthy controls (5.0%BW-Ht) Catani et al., 2003()
. These differences in peak internal knee extensor moment during stair descent may be due to changes in prostheses design in the last thirty years.

Knee Mechanics During a Golf Swing


Driving a golf ball requires the golfer to produce club speeds of 170km/hr in a fourth of a second or less Egret et al., 2003()
. In order to generate this club speed the golfer rotates the trunk 114.5° from the top of the backswing through ball impact while maintaining foot position Okuda et al., 2010()
.  The combination of planting the feet and rapid trunk rotation may lead to high amounts of rotation at the knee. Several studies have analyzed knee joint kinematics and kinetics of a golf swing in healthy adults 
 ADDIN EN.CITE 
(Egret et al., 2006; Egret et al., 2003; Gatt et al., 1998; Lynn & Noffal, 2010)
. Subject populations range from collegiate athletes Lynn & Noffal, 2010()
 to recreational adult golfers 
 ADDIN EN.CITE 
(Bradbury et al., 1998; Egret et al., 2006; Egret et al., 2003; Gatt et al., 1998)
. Asymmetry has been found to exist between the lead and trail knee 
 ADDIN EN.CITE 
(Egret et al., 2003; Gatt et al., 1998)
. Therefore, the recommendation for golf following a TKR may differ depending on the golfer’s handedness and the knee that has been replaced. 
Sagittal Plane Knee Biomechanics


Asymmetry exists in sagittal plane kinematics and kinetics between the lead and trail knee during a driving golf swing 
 ADDIN EN.CITE 
(Egret et al., 2003; Gatt et al., 1998)
.  The lead knee becomes less flexed from the top of the backswing until the time of impact with the ball Gatt et al., 1998()
. In contrast, the trail knee becomes more flexed from the top of the backswing until the end of the follow through Gatt et al., 1998()
. Knee flexion/extension range of motion during a golf swing has been reported for the lead knee (29°) and trail knee (19°) but was not statistically analyzed Gatt et al., 1998()
. Values have been reported for knee flexion angle at peak internal knee extensor moment for the lead knee (24.6°) and trail knee (30.5°) during a golf swing Gatt et al., 1998()
. However, these variables were not statistically analyzed for differences. Differences have been reported for peak knee extensor and flexor moments in the lead knee compared to the trail knee during a golf swing Gatt et al., 1998()
. Peak internal knee flexor moment has been reported to be larger in the trail knee (5.15%BW-Ht) compared to the lead knee (1.62%BWxHt) Gatt et al., 1998()
. In contrast, Gatt et al. (1998) reported that the lead knee exhibits a greater peak internal knee extensor moment (7.17%BW-Ht) than the trail knee (4.40%BW-Ht) Gatt et al., 1998()
. 
Frontal Plane Knee Biomechanics


The lead knee internal frontal plane moment profile is characterized by an internal knee adduction moment before ball contact and an internal knee abduction moment following ball contact Lynn & Noffal, 2010()
. Lynn and Noffal (2010) compared frontal plane knee moments between two different lead foot positions during a golf swing in seven collegiate golfers. Common practice lead foot position, 30° of external rotation, was analyzed. Under this foot position, peak lead knee internal abduction moment reached .54 Nm/kg Lynn & Noffal, 2010()
. Peak lead knee internal adduction moment reached -.80 Nm/kg Lynn & Noffal, 2010()
. Gatt et al. (1998) analyzed 13 golfers aged 35 ± 14.2 years and determined that peak internal knee abduction moment was greater for the lead knee (4.73%BWxHt) compared to the trail knee (2.85%BW-Ht) Gatt et al., 1998()
. Comparisons between the lead and trail knee also reveal that maximum internal knee adduction moment is greater in the trail knee (3.89%BW-Ht) than the lead knee (1.78%BW-Ht) Gatt et al., 1998()
. According to Lynn and Noffal (2010), the frontal plane knee moments generated during a golf swing exceed those generated during some activities of daily living and are similar to those generated during landing maneuvers Lynn & Noffal, 2010()
.
Transverse Plane Knee Biomechanics


A difference in transverse plane knee kinetics exists between the lead knee and trail knee during a golf swing Gatt et al., 1998()
.  Gatt et al. (1998) determined that peak knee internal rotation moment was greater for the trail knee (1.46%BW-Ht) compared to the lead knee (1.2%BW-Ht) Gatt et al., 1998()
.  In contrast, the peak knee external rotation moment was larger in the lead knee (2.05%BW-Ht) compared to the trail knee (1.41%BW-Ht) during a golf swing Gatt et al., 1998()
. 

Weight Transfer and Ground Reaction Force


Studies have found that from the top of the backswing through ball contact there is rapid weight transfer from the trail knee to the lead knee 
 ADDIN EN.CITE 
(Okuda et al., 2010; Richards et al., 1985)
. A study of ten male golfers with handicaps less than ten found that nearly 80% of the golfer’s body weight was on the trail foot at the top of the backswing. At the time of ball contact, close to 80% of the body weight was on the lead foot Richards et al., 1985()
.  An analysis of 13 golfers with a mean handicap of 0.8 found that vertical ground reaction force beneath the trail foot was .74BW at the top of the backswing Okuda et al., 2010()
. The vertical ground reaction force then reached .90BW under the lead foot at ball contact Okuda et al., 2010()
. Okuda et al. (2010) also reported the maximum vertical ground reaction force for the lead foot (1.09BW) and trail foot (.98BW) Okuda et al., 2010()
. Skill level may affect the peak ground reaction force under each limb during a golf swing. The lead foot experiences its peak force directly before contact with the ball while the knee is experiencing high amounts of rotational torque 
 ADDIN EN.CITE 
(Okuda et al., 2010; Gatt et al., 1998)
.  The combination of the two may create a high stress environment for the knee. 


Summary  


Comparisons between the lead knee and trail knee during a golf swing indicate that differences are present in the sagittal, frontal, and transverse planes. The lead knee exhibits a greater peak internal knee extensor moment, peak internal knee abduction moment and peak internal knee external rotation moment compared to the trail knee Gatt et al., 1998()
. In contrast, the trail knee exhibits a greater peak knee flexor moment, peak knee adduction moment and peak knee internal rotation moment Gatt et al., 1998()
. Rapid weight transfer from the trail foot to the lead foot exists from the top of the backswing through contact with the ball 
 ADDIN EN.CITE 
(Okuda et al., 2010; Richards et al., 1985)
. 

Knee Mechanics During a Golf Swing Following TKR


Hamai et al. (2008) used image-matching techniques to analyze knee joint angles of four recreational golfers following a TKR Hamai et al., 2008


( ADDIN EN.CITE )
. X-ray images were taken of the knee at key points during the golf swing. These X-ray images were matched with a 3-D model silhouette by pixel to determine flexion and rotation angles. The lead knee experienced 21.2° of flexion/extension range of motion during stance, including rapid extension from the top of the backswing to the end of the follow through Hamai et al., 2008


( ADDIN EN.CITE )
. The trail knee exhibited 17° of flexion/extension range of motion, including flexion from the top of the backswing to the end of the follow through Hamai et al., 2008


( ADDIN EN.CITE )
. Hamai et al. (2008) also observed high amounts of internal and external rotation at the knee during a golf swing. Axial rotation was greater in the trail knee compared to the lead knee. At the top of the backswing, the trail knee experienced a peak internal rotation angle of 16°. The trail knee exhibited a peak external rotation angle of 5.5°, which occurred at the end of the follow through Hamai et al., 2008


( ADDIN EN.CITE )
. In contrast, the lead knee reached a peak external rotation angle of 13° at the top of the backswing Hamai et al., 2008


( ADDIN EN.CITE )
. At the end of the follow through, the lead knee exhibited 2.7° of external rotation Hamai et al., 2008


( ADDIN EN.CITE )
. Both the lead and trail knee experience rapid axial rotation from the top of the backswing to the end of the follow through.  
Knee Mechanics During Bowling 


To date, no research has analyzed knee biomechanics during a bowling stance in healthy controls or TKR patients. 

Comparison of the Demand on the Knee Among Activities


The results from these studies allow comparisons of the demands placed on the knee following TKR to be made among activities (Table 1). The activities of daily living from the greatest to least amount of knee flexion/excursion range of motion during stance are stair descent, stair ascent, and walking. The amount of knee flexion/extension range of motion during golf falls between that required for walking and stair ascent. Knee flexion/extension range of motion has not been reported for bowling. Stair ascent and stair descent exhibit a similar knee flexion angle at peak knee extensor moment. This knee flexion angle is greater than the knee flexion angle at peak knee extensor moment required for walking. The amount of knee flexion at peak knee extensor moment necessary for both the lead and trail knee during golf falls between walking and stair negotiation. This variable has not been reported for bowling. Walking requires the smallest peak internal knee extensor moment. Stair descent requires the greatest peak internal knee extensor moment. Peak internal knee extensor moment during stair ascent falls between walking and stair descent. During golf, the lead knee requires peak knee extensor moments similar to stair descent while the lead knee requires 
Table 1. Comparison of the demand on the knee among activities. Variables reported in the literature are shown for walking, stair ascent, stair descent and golf. These variables have not been reported in the literature for bowling.
	
	Walking
	Stair Ascent
	Stair Descent
	Golf

	
	Controls
	TKR
	Controls
	TKR
	Controls
	TKR
	Controls
	TKR

	Knee flexion/extension ROM (°)
	17.823
	11.351
	56.77
	46.67-51.57
	61.98
	57.98-58.78
	NA
	19.010-29.010

	Knee flexion angle at peak knee extensor moment (°)
	11.03-12.52a
	6.03-8.03a
	56.88
	40.98-47.18
	51.18
	43.08-47.18
	NA
	24.610-30.510

	Peak knee extensor moment (%BW-Ht)
	2.745-2.956
	1.805-2.126
	4.115-6.57
	2.97-3.765
	5.08-11.25
	4.48-8.675
	1.6211-5.1511
	NA

	Peak knee abduction moment (%BW-Ht)
	2.74-3.596
	1.24-2.916
	2.565-2.77
	1.87-2.98
	2.58-2.575
	2.105-2.6
	1.7811-3.8911
	NA

	Peak knee internal rotation angle (°)
	12.61
	7.231
	NA
	NA
	NA
	NA
	NA
	13.910

	Peak knee external rotation angle (°)
	-0.251
	3.291
	NA
	NA
	NA
	NA
	NA
	5.510-13.010

	Peak vertical GRF (BW)
	1.189 
	1.159 
	1.219
	1.189
	1.519
	1.559
	.8912-1.1312
	NA


1McClelland et al., 2011, 2Wilson et al., 1996, 3Smith et al., 2006, 4Benedetti et al., 2003, 5Andriacchi et al., 1982, 6McClelland et al., 2010, 7Fantozzi et al., 2003, 8Catani et al., 2003, 9Stacoff et al., 2007, 10Hamai et al., 2008, 11Gatt et al., 1998, 12Okuda et al., 2010; aPeak flexion angle during loading; GRF: ground reaction force; ROM: range of motion; All moments are presented as internal moments.

peak knee extensor moments similar to walking. Peak internal knee extensor moment has not been determined for bowling. Peak internal knee abduction moment is slightly greater during stair ascent compared to walking. Peak internal knee abduction moment for the lead knee during golf is greater than during stair ascent. Peak internal knee abduction moment for the trail knee during golf is smaller than during walking. Peak internal knee abduction moment has not been determined for bowling. Peak knee internal rotation angle has been reported for walking but not stair ascent or stair descent. During golf, peak knee internal rotation angle is greater than walking for the trail knee. Peak knee internal rotation angle has not been reported for bowling. Peak knee external rotation angle has been reported for walking but has not been reported for stair ascent or stair descent. The peak knee external rotation angle required during golf for both the lead and trail limb is greater than that required for walking. Peak vertical ground reaction force required during each activity of daily living from smallest to largest is walking, stair ascent, and stair descent. Peak vertical ground reaction force required for golf is smaller than walking. Peak vertical ground reaction force has not been reported for bowling. In conclusion, the literature indicates that walking places the least demand on the knee while stair descent places the greatest demand on the knee. The same variables reported for walking and stair negotiation need to be determined for golf and bowling to establish where these activities fall on the knee demand continuum.   
Methods Used in the Literature

Golf


Gatt et al. (1998) analyzed the influence of footwear on knee kinetics during a golf swing Gatt et al., 1998()
. Spiked golf shoes and spike-less, rubber-soled golf shoes were compared among thirteen healthy golfers. No significant differences in knee joint forces or moments were reported between the two shoe conditions Gatt et al., 1998()
. These results indicate that shoe type does not have an effect on knee kinetics during a golf swing. 

Activities of Daily Living

Barnes et al. (2010) compared rearfoot and shank kinematics during three footwear conditions; barefoot, running shoes, and running sandals Barnes et al., 2010()
. Fourteen male rearfoot strikers were analyzed while running. Compared to running shoes, the running sandals resulted in a greater peak eversion angle Barnes et al., 2010()
.  No other differences were found in rearfoot or shank kinematics between the running shoe and sandal conditions Barnes et al., 2010()
. These results indicate that running sandals duplicate the rearfoot and shank excursions seen during running in running shoes.  
Overall Summary


Studies agree that knee biomechanics are altered during walking, stair ascent, and stair descent in TKR patients compared to healthy controls 
 ADDIN EN.CITE 
(Benedetti et al., 2003; Catani et al., 2003; Fantozzi et al., 2003; Mandeville et al., 2007; McClelland et al., 2011; Smith et al., 2006; Wilson et al., 1996)
. Literature on knee joint kinematics and kinetics during a golf swing is limited 
 ADDIN EN.CITE 
(Gatt et al., 1998; Lynn & Noffal, 2010)
. Knee biomechanics during a bowling stance have not been reported. In order to determine if golf or bowling may negatively affect the TKR prosthesis, the demands that these activities place on the knee of a healthy adult must first be determined. 
CHAPTER III
MATERIALS AND METHODS
Participants


Nine healthy recreational male golfers and seven healthy recreational male bowlers between the ages of 45 and 75 participated in this study. The golfers played at least nine holes of golf at least twice a month during the golfing season for the past year.  The bowlers played at least one game of bowling at least twice a month for the past year. Participants were recruited from Knox County golf courses, bowling alleys, and senior citizen centers. Each participant completed one visit to the University of Tennessee Biomechanics/Sports Medicine Laboratory for data collection purposes. Visits lasted approximately 90 minutes. Self-reported average score, participation per week, and total golf experience were recorded for each recruited golfer. Self-reported average score, amount of participation per week, and total amount of bowling experience were recorded for each recruited bowler. Participants were injury free at the time of testing, had no lower extremity injuries within the past 6 months, and had no history of joint replacement. Exclusion criteria also included self-reported symptomatic lower back, hip, knee, or ankle arthritis, pain at the time of testing, inability to understand and follow instructions, inability to negotiate stairs in a step over step manner, and inability to negotiate stairs without the use of a handrail. Before participating in the study, all participants provided written informed consent. The study was approved by the Institutional Review Board at the University of Tennessee. 

Instrumentation


Three-dimensional position data were collected at 240 Hz using a 9-camera VICON MX motion analysis system (Vicon MX, Oxford Metrics, Oxford, UK). Ground reaction force data were collected at a sampling frequency of 1200 Hz using two AMTI force plates (American Mechanical Technology Inc., Newton, MA, USA) that were synchronized with the motion capture system. Two photo cells (63501 IR, Lafayette Instrument Inc., IN, USA) connected to an electronic timer (54035A, Lafayette Instrument Inc., IN, USA) were used to monitor walking velocity. Stair negotiation trials were collected using a 3-step instrumented wooden staircase (FP-Stairs, American Mechanical Technology Inc., Watertown, MA, USA) and an independent wooden structure that provided a fourth and fifth step. The set of stairs (Figure 1) consisted of three uniform steps and an independent set of two steps. The first three steps had an 18.5 cm rise, 60.5 cm width, and 33.0 cm depth. The fourth step had the following dimensions: 18.0 cm rise, 56.5 cm width, and 33.0 cm depth. The fifth step had a rise of 18.0 cm and extended into a platform (56.5 cm width, 61.5 cm depth) that allowed the subject ample space to turn around. A handrail was attached in a manner that during stair ascent it was on the right hand side and during stair decent it was on the left hand side. The handrail continued around the back side of the top platform. The first three steps were bolted onto the two force plates that were placed in series and embedded in the floor beneath the stairs. The second force plate recorded ground reaction force data from the third step. Two photo cells connected to two electronic timers were placed 1m apart, across the second and fourth step, at shoulder height to monitor velocity during stair ascent and stair descent.
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Figure 1. Illustration of staircase and step of interest.
Data Collection


After providing written informed consent, participants changed into laboratory shorts, socks, and sandals. Retroreflective markers were placed bilaterally on the lower extremity of each participant while standing on a template McIlroy & Maki, 1997()
. Anatomical markers were attached with double sided medical tape to the skin over the following bony landmarks: the left and right iliac crest and greater trochanter, the medial and lateral femoral epicondyles, medial and lateral malleoli, the first and fifth metatarsal head, and the proximal, medial, and lateral heel. For the golfers, anatomical markers were also attached to the styloid process of the radius, the lateral epicondyle of the humerus, and the posterior forearm of the dominant side. A cluster of four tracking markers attached to a molded thermoplastic shell was placed on the skin over the L5-S1 region of the sacrum using double sided medical tape. Shells were also placed bilaterally on the proximal posteriolateral portion of the thigh and distal posteriolateral portion of the shank Cappozzo et al., 1997()
. These shells were attached using neoprene wraps secured with Velcro Manal et al., 2000()
.The standardized template was then placed on the force plate. A static trial was collected by instructing participants to stand on the template looking straight ahead with equal weight on both feet and their arms in anatomical position. Anatomical markers were then removed. Dynamic trials were performed with only the tracking markers in place. The dynamic trials consist of stair ascent, stair descent, walking, and a golf swing or bowling. 


Stratified randomization was used to randomize the conditions. The stair negotiation, walking, and physical activity conditions were randomized. Then, the order of stair ascent and stair descent was randomized within the stair negotiation stratum. Participants were asked to complete stair ascent and stair descent. Participants were instructed to walk in a step over step manner without the use of the handrail. For both conditions, participants were asked to negotiate the stairs at a self-selected velocity. Stair negotiation velocity was monitored using photo cells connected to two timers. The photo cells were centered on the step of interest, the third step, at shoulder height. One photo cell was placed across the second step. The other photo cell was placed across the fourth step. Participants were instructed to lead with the right leg on ascent and the left leg on descent. These instructions allowed the right leg to strike the step of interest during both stair ascent and stair descent. Five successful trials were collected for both stair ascent and stair descent. Participants were free to rest as needed between trials. 


Participants also performed level ground walking. Participants were asked to walk at a self-selected velocity across the collection volume. Starting position was adjusted until the participant was able to strike the force plate with the right foot. The participants practiced walking over the force plate until they were able to contact the plate consistently. Walking velocity was monitored by photo cells connected to a timer. The photo cells were placed 3m apart on either side of the force plate. Five successful trials were collected. 

Participants who were recruited as golfers were asked to perform a golf swing using their own driver. A golf practice mat with tee was placed in front of the participant at a distance the participant deemed comfortable. The practice mat was attached to the floor using double sided tape. The practice ball sat independently on the tee and was attached securely to the artificial turf base via a cord (Figure 2). Artificial turf was attached to each force plate using double sided tape. The left foot was placed on one force plate while the right foot was placed on the other. Participants were instructed to hit the ball in the same manner as driving a ball from an outdoor tee on a par four course. Practice swings were permitted until the participant felt comfortable hitting the ball from the apparatus. Participants were asked to express if a trial did not feel as if it met the instructions. Five successful trials were collected.
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Participants who were recruited as bowlers performed bowling trials using their own bowling ball. Foam bowling pins were set up in a regulation formation 6.5m from the front of the force plate as a target. The foam bowling pins were placed on a runway of rubber that simulated a bowling lane. The laboratory floor was marked in a similar manner as a bowling approach lane, including a foul line at the anterior edge of the force plate.  Participants were allowed to take the same number of approach steps as they would during league play. All participants were right handed, and therefore struck the force plate with the left foot. Practice throws were allowed until the participant felt comfortable releasing the ball while contacting the force plate consistently. Five successful trials were collected. 
Data Processing


The data were filtered and processed using Visual 3D software (C-motion Inc, Rockville, MD). Kinematic and ground reaction force data were filtered using the same cut-off frequency in order to perform inverse dynamics Bisseling & Hof, 2006()
. A residual analysis set to retain 95% of the kinematic data signal was performed to determine the cut-off frequency. A 4th order zero lag Butterworth filter with a cut-off frequency of 6 Hz was used to filter the kinematic and ground reaction force data for the walking condition. For the stair negotiation and activity conditions, the kinematic and ground reaction force data were filtered with a cut-off frequency of 5 Hz. In order to calculate the peak vertical ground reaction force variable, ground reaction force data were filtered to retain 95% of the signal. Ground reaction force data were filtered with a cut-off frequency of 50 Hz for the walking trials, 30 Hz for the stair negotiation trials, 12 Hz for the golf trials, and 11 Hz for the bowling trials. Knee joint angles were calculated using the joint coordinate system and the right hand rule Grood & Suntay, 1983()
. The XYZ order of rotation was used. Positive rotations signify extension, adduction, and internal rotation. Inverse dynamics were used to calculate internal knee extensor and abduction moments. Body segment parameters were estimated using regression equations from Dempster Dempster, 1955()
. Stair ascent, stair descent, and walking variables were calculated for the right limb. The stance phase of the third step during stair negotiation and the stance phase of walking were the regions of interest. Stance phase for these activities was defined as foot contact to toe-off. For walking and stair negotiation, foot contact was defined by a vertical ground reaction force ascending threshold of 20N. Toe-off was defined by a vertical ground reaction force descending threshold of 20N. Golf swing variables were calculated for both the lead and trail limb. The movement was divided into three phases; the backswing, downswing, and follow through. The backswing was the initiation of hand movement until the hand reached the first peak vertical height. From the end of the backswing until the hand reached minimum vertical height was defined as the downswing. The follow through consisted of the time from the end of the downswing to when the hand reached a second peak vertical height. Stance phase for both the lead and trail leg was defined as the initiation of backswing to the end of follow through. For bowling, variables were calculated for the lead limb. Analysis was performed on the stance phase of the last step. The start of the stance phase was defined by a vertical ground reaction force ascending threshold of 20N. The end of the stance phase was defined by maximum knee flexion angle of the stance limb. Moments were calculated as internal joint moments and were normalized to body weight and height. 


For all conditions, dependent variables were defined as follows. Knee flexion/extension range of motion was the difference in peak knee flexion angle during stance and peak knee extension angle during stance. Knee flexion angle at peak knee extensor moment was the knee flexion angle at the time that maximum internal knee extensor moment occurred during stance. Peak knee extensor moment was the maximum knee extensor moment during the stance phase. Peak knee abduction moment was the maximum knee abduction moment during the stance phase. Peak knee internal rotation angle was the maximum knee internal rotation angle during the stance phase.  Peak knee external rotation angle was the maximum knee external rotation angle during the stance phase. Peak vertical ground reaction force was the maximum vertical ground reaction force during the stance phase. A custom MATLAB program was created to extract the peak value of the dependent variables from the Visual3D output. For each dependent variable, the mean of the five trials was calculated for each participant in each condition. The mean value of each condition was then averaged together among all participants to calculate the group mean and standard deviation.
Power Analysis


Sample size was determined using regression equations for a repeated measures analysis of variance (Park & Schutz, 1999). The number of participants per group was calculated using an effect size of 0.65, which is midway between a moderate and large effect size. Repeated measures correlation coefficient values were put into the regression equations (Kadaba et al., 1989). Alpha was set to 0.05 and beta was set to 0.8 in order to determine the sample size for this study. The power analysis indicated that 6 participants per group were necessary to adequately power the study.
Statistical Analysis


SPSS was used to conduct all statistical analysis (SPSS 20.0 for Windows, SPSS Inc. Chicago, Illinois). Data were analyzed separately for the golf group and the bowl group. A one-way repeated measures ANOVA was conducted for each group to determine whether there were differences between the recreational activity, golf or bowling, and the activities of daily living for each dependent variable. For the variables with a significant main effect, Fisher’s least significant difference post-hoc test was applied to determine where the differences lay. Differences were considered significant if p<0.05.
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CHAPTER IV 

KNEE BIOMECHANICS DURING POPULAR RECREATIONAL AND DAILY ACTIVITIES IN OLDER ADULTS
Abstract

Purpose: This study aimed to determine knee joint kinematics and kinetics in healthy older adults during golf and bowling. In addition, the knee biomechanics during these recreational activities were compared to those experienced during walking, stair ascent, and stair descent. Methods: Motion analysis was performed on sixteen males (45-73 yr) who were either golfers (n=9) or bowlers (n=7). Subjects performed three activities of daily living, walking, stair ascent, and stair descent, and their respective recreational activity, golf or bowling. Knee kinematic and kinetic variables were calculated using rigid body analysis and inverse dynamics. Comparisons were made between the recreational activity and activities of daily living. Results: During bowling, subjects demonstrated a knee flexion angle at peak knee extensor moment that was as high as stair descent, and a peak knee extensor moment that was as high as during stair ascent. For the lead knee during golf, subjects demonstrated a knee flexion angle at peak knee extensor moment and a peak knee extensor moment that were as high as during stair ascent. The golf lead knee also exhibited a peak knee abduction moment, peak knee internal rotation angle, and peak knee external rotation angle that were larger than all activities of daily living. During golf, subjects demonstrated a peak knee external rotation angle for the trail knee that was larger than all activities of daily living. Conclusion: This is the first study to analyze knee biomechanics during bowling. These results indicate that the greatest challenge for the knee of healthy older males during bowling is in the sagittal plane. Additionally, these results show that golf poses challenges in all three planes for the lead knee and in the transverse plane for the trail knee of healthy older males. 

Key Words: Bowling, Golf, Kinematics, Stair Ascent

Introduction

Paragraph Number 1 Physical activity is an important means of preventing weight gain and improving cardiovascular health and physical function, especially among older adults 
 ADDIN EN.CITE 

(7, 20)
. For older adults, the American College of Sports Medicine recommends at least 30 minutes of moderate-intensity aerobic activity five days a week or 20 minutes of vigorous-intensity aerobic activity three days each week 
 ADDIN EN.CITE 

(20)
. However, chronic conditions may prevent these levels from being reached. One of the most common chronic pathologies for adults over the age of 45 is knee osteoarthritis (OA) 
 ADDIN EN.CITE 

(25)
. Prevalence of knee OA increases with age and is estimated to affect up to 27.8% of adults aged 45 or older in the United States 
 ADDIN EN.CITE 

(25)
. Total knee replacement (TKR) is commonly prescribed as an end stage treatment for severe knee OA 14()
. Although TKR has been shown to decrease pain and increase function at the knee joint, many people with a TKR do not get sufficient physical activity 
 ADDIN EN.CITE 
(17, 24)
. The Physical Activity Guidelines for Americans recommend that older adults with chronic conditions should be as active as their abilities allow 36()
. Physical activities that are considered purposeful or fun and help maintain socialization are motivating factors for older adults to be physically active 11()
. Therefore, recreational activities may help increase physical activity participation among older adults with knee pathologies. However, the challenges placed on the knee of older adults with knee pathologies during popular recreational activities are currently unknown. 


Paragraph Number 2 Several gait analysis studies have quantified the demands placed on the knee of older adults with TKR during walking 6


( ADDIN EN.CITE , 27, 29, 35, 37)
. These variables may indicate which aspects of gait continue to be challenging following a TKR. Similar challenges may also exist during popular recreational activities. A common finding is that older adults with TKR exhibit a smaller knee flexion range of motion over the entire gait cycle compared to healthy older adults 6


( ADDIN EN.CITE , 35, 37)
. Several studies also indicate a smaller peak knee flexion angle during loading in older adults with TKR compared to healthy controls 27


( ADDIN EN.CITE , 29)
. During walking, peak internal knee extensor moment occurs during the loading phase 35


( ADDIN EN.CITE , 37)
. The combination of knee flexion and knee extensor moment provides indication of the loading placed on the knee. Therefore, knee flexion angle at peak internal knee extensor moment may be useful to compare the challenge of the knee among different activities. Peak internal knee extensor moment is also smaller in older adults with TKR compared to healthy controls 2


( ADDIN EN.CITE , 28)
. In the sagittal plane, knee flexion range of motion, peak knee flexion angle during loading, and peak internal knee extensor moment are all smaller in older adults with TKR compared to healthy older adults during walking.  


Paragraph Number 3 Studies have also found differences in the secondary planes between older adults with TKR and healthy older adults during walking 1


( ADDIN EN.CITE , 4, 28, 29, 32)
. Recent literature reporting first peak internal knee abduction moment is conflicting 1


( ADDIN EN.CITE , 4, 28, 32)
. Some studies have found that older adults with TKR exhibit a smaller first peak internal knee abduction moment compared to healthy controls 1


( ADDIN EN.CITE , 4, 28)
. Another study found that older adults with TKR and healthy controls exhibit a similar first peak internal knee abduction moment during walking 32()
. In the transverse plane, older adults with TKR have a smaller peak knee internal rotation angle and smaller peak knee external rotation angle during walking compared to healthy controls 29()
. In addition, peak vertical ground reaction force has been reported to be smaller in older adults with TKR compared to healthy controls during walking 29()
.  The extent to which these secondary plane and ground reaction force variables contribute to the movements necessary for popular recreation activities in older adults is unknown. 


Paragraph Number 4 Golf and bowling are popular recreational activities among older adults 8


( ADDIN EN.CITE , 10, 23)
. Among healthy older adults, golf is the fourth most frequent leisure time physical activity 23()
. Golf and bowling also rank among the top five recreational activities older adults participate in prior to TKR 8


( ADDIN EN.CITE , 10)
. Under current guidelines developed by the Knee Society, golf and bowling are permitted activities following a TKR 
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(21)
. However, there is a reduction in the number of older adults with TKR who participate in these recreational activities postoperatively compared to preoperatively 10


( ADDIN EN.CITE , 22)
. Knee biomechanics and ground reaction force during golf have been reported for healthy younger adults 16


( ADDIN EN.CITE , 26, 33)
 and adults with TKR 12


( ADDIN EN.CITE , 19)
 but not for healthy older adults. Furthermore, knee biomechanics during bowling have not been reported for either older adults with TKR or older adults who do not have knee pathologies. Thus, the first step in developing evidence-based physical activity recommendations for older adults with knee pathologies is to document knee biomechanics during these activities in healthy older adults.     


Paragraph Number 5 Therefore, the purpose of this study was to determine knee joint kinematics and kinetics in healthy older adults during golf and bowling. In addition, knee biomechanics during these recreational activities were compared with walking, stair ascent, and stair descent. This study focused on those variables commonly affected by TKR. We hypothesized that knee flexion range of motion, knee flexion angle at peak internal knee extensor moment, peak internal knee extensor moment, peak internal knee abduction moment, peak knee internal rotation angle, peak knee external rotation angle, and peak vertical ground reaction force would be similar in each recreational activity compared to the activities of daily living.
Methods

Participants 
Paragraph Number 6 Sixteen men between the ages of 45 and 75 years who were either golfers (n=9) or bowlers (n=7) participated in this study (Table 2).  Participants were recruited from area golf courses, bowling alleys, and senior citizen centers. All had been participating in their recreational activity at least twice a month in season for the past year. Participants were currently injury free, reported no lower extremity injuries within the past 6 months, and had no history of joint replacement. Exclusion criteria were self-reported symptomatic lower extremity arthritis, current pain, inability to understand and follow instructions, and inability to negotiate stairs in a step over step manner without the use of a handrail. An a priori power analysis using a moderate to strong effect size of 0.65 indicated that a minimum of 6 participants were needed in each group to obtain an alpha of 0.05 and a beta of 0.80 34()
. All participants provided written informed consent before commencing the study. The study was approved by the University’s Institutional Review Board. 

Procedures 

Paragraph Number 7 Three-dimensional position data were collected at 240 Hz using a nine-camera motion capture system (VICON MX, Oxford Metrics, Oxford, United Kingdom). Two AMTI force platforms (American Mechanical Technology Inc., Newton, MA) synchronized with the motion capture system were used to collect ground reaction force data at 1200 Hz. Retroreflective markers were attached bilaterally to the following anatomical landmarks: the left and right iliac crest, the left and right greater trochanter, the medial and lateral femoral epicondyles, the medial and lateral malleoli, the base of the first and fifth metatarsal head, and the proximal, medial, and lateral calcaneus. Rigid thermoplastic shells affixed with a cluster of four markers were attached to the sacrum, thigh, and shank to track the body segments during the dynamic trials 9()
. Tracking markers were also attached to the radial styloid process, the lateral humeral epicondyle, and the posterior forearm of the dominant side for the golfers. This set of three tracking markers was used to determine the start and end of the golf swing. Tracking markers remained in place for all conditions. A static trial was collected with the participant standing on a standardized template on the force platform 30()
. During the static trial, the participant stood in anatomical position with weight distributed equally on both feet 30()
. 


Paragraph Number 8 Data were collected while participants performed walking, stair ascent, stair descent, and either golf or bowling. Participants wore standard laboratory footwear (Bite Orca 6507b) during all conditions for consistency 3()
. Shoe type has been shown to have no effect on peak knee forces and moments during a golf swing 16()
. Therefore, the standard laboratory footwear was worn in place of spiked golf shoes.  The order of presentation of experimental conditions was randomized using stratified randomization. The stair negotiation, walking, and recreational activity conditions were randomized with stair ascent and stair descent being randomized within the stair negotiation stratum. Following a familiarization period, participants walked the length of a 10m walkway at a self-selected velocity. Walking velocity was monitored using two photo cells placed 3m apart and a timer. Starting position was adjusted to enable the participant to strike the force platform with the right foot. Data were collected from five successful trials.


Paragraph Number 9 A 3-step instrumented wooden staircase (FP-Stairs, American Mechanical Technology Inc., Watertown, MA) and a 2-step independent wooden structure were used to collect the stair negotiation trials. The instrumented staircase consisted of three steps, each with an 18.5 cm rise, 60.5 cm width, and 33.0 cm depth. The first three steps were rigidly attached to the two force platforms. A railing was attached to the right hand side of the staircase and the back of the top step, which is extended into a platform. Participants ascended and descended the stairs in a step over step manner without the use of the handrail. Participants contacted the third step with the right foot for both stair ascent and stair descent. Stair negotiation velocity was monitored using photo cells connected to two timers. The photo cells were placed at shoulder height, 1 m apart, and centered on the third step. Participants walked at a self-selected velocity during both stair negotiation conditions. Data were collected from five successful trials for both stair ascent and stair descent.


 Paragraph Number 10 Golfers performed five successful golf swings using an indoor golf practice mat and their own driver. Participants stood with one foot on each of the two force platforms. A piece of artificial turf was securely mounted with double sided tape to each force platform to simulate the surface of an outdoor course. A practice golf ball was attached securely to the practice mat via a short cord. The practice ball was placed onto a tee mounted in the mat. The practice mat was placed a comfortable distance in front of the golfer. Golfers were instructed to hit the ball in a similar manner as driving a straight ball from the tee on a par four course. This laboratory configuration is similar to previous studies of golf 
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(16, 26)
. Practice swings were allowed until the golfer felt comfortable with the motion and could hit the ball consistently. A successful trial included each foot squarely on a force platform and indication by the participant that the swing felt normal.


Paragraph Number 11 Bowlers performed five successful trials on a simulated lane using their own bowling ball. A shortened rubberized bowling lane was constructed in the laboratory to provide a target and also contain the bowling ball. Foam bowling pins were set up in a regulation formation 6.5m from the front of the force platform. The laboratory floor was marked in a similar manner as a bowling approach lane. Bowlers were instructed to view the front edge of the force platform as the foul line. This would enable the bowlers to strike the force platform with the lead leg. Bowlers were instructed to bowl a perfect, straight strike. Practice throws were permitted until the bowler felt comfortable with the set up. A successful trial included striking the force platform with the lead foot and the participant indicating that the movement felt normal.   
Data Processing 

Paragraph Number 12 Lower extremity joint angles were determined using Visual 3D (C-motion Inc., Rockville, MD) software. Force structures were added in Visual 3D for the three steps of the staircase, accounting for lab coordinate system corrections, in stair descent, and facilitating event detection. Cut-off frequency was determined by performing a residual analysis to retain 95% of the data signal. Kinematic data were filtered using a 4th order zero lag Butterworth filter with a cut-off frequency of 6Hz for the walking condition and 5Hz for the stair negotiation and recreational activity conditions. To calculate the peak vertical ground reaction force variable, ground reaction force data were filtered to retain 95% of the signal. Ground reaction force data were filtered at a cut-off frequency of 50 Hz for the walking trials and 30 Hz for the stair negotiation trials. A cut-off frequency of 12 Hz for the golf trials and 11 Hz for the bowling trials was used to filter the respective ground reaction force data. Knee joint angles were calculated using the joint coordinate system and the right hand rule 18()
. For inverse dynamics, the cut-off frequency for ground reaction force data was the same as the cut-off frequency for the respective kinematic data 5()
.  Standard inverse dynamics were used to calculate joint moments. Regression equations from Dempster were used to estimate body segment parameters 13()
. All moments are internal and normalized to bodyweight and height. Stance phase was defined as foot contact to toe-off for the walking, stair ascent, and stair descent conditions. For bowling, stance phase was defined as foot contact to maximum knee flexion. Stance phase was defined as the initiation of hand movement until the hand reached peak height at the end of the golf swing.   
Statistical Analysis 
Paragraph Number 13 All statistical analyses were performed using SPSS (SPSS 20.0 for Windows, IBM SPSS Inc. Chicago, Illinois). A custom MATLAB program (The Mathworks Inc., Natick, MA) was used to extract all dependent variables. For each dependent variable, the magnitude from the five trials was averaged for each participant in each condition. The group mean and standard deviation were then calculated for all participants in each condition. Golf and bowling were compared to the activities of daily living in separate analyses.  One-way repeated measures ANOVA was used to compare each variable among conditions. For the variables with a significant main effect, Fisher’s least significant difference post-hoc test was applied to determine where the differences lay. The purpose of the study was to compare knee biomechanics in golf and bowling to activities of daily living. Therefore, post-hoc tests were conducted between the recreational activity and each of the activities of daily living conditions only. Comparisons among activities of daily living were not made. Therefore, only three of the six possible comparisons were tested to reduce the likelihood of type I statistical error. Further corrections for multiple comparisons were not made due to the small number of targeted post-hoc tests conducted. The level of significance for all statistical tests was set at p<0.05.  

Results 


Paragraph Number 14 There was a significant main effect for knee flexion range of motion in bowlers (Table 3). Post-hoc tests indicated that bowling had a smaller knee flexion range of motion compared to walking (p=0.001), stair ascent (p<0.001), and stair descent (p<0.001). A significant main effect was also found for knee flexion angle at peak knee extensor moment. This angle was greater for bowling compared to walking (p<0.001), and similar to stair ascent (p=0.729) and stair descent (p=0.129). Statistical analysis indicated a significant main effect for peak knee extensor moment. This moment was greater for bowling compared to walking (p<0.001) and stair descent (p=0.045). Peak knee extensor moment during bowling was as high as it was during stair ascent (p=0.253). There was also a significant main effect for peak knee abduction moment. This moment was greater during bowling compared to stair ascent (p=0.038) and similar to walking (p=0.359) and stair descent (p=0.140). Peak knee internal and external rotation angles were similar among all conditions (p > 0.05). Lastly, a significant main effect was found for peak vertical ground reaction force. This force was greater during bowling compared to walking (p=0.005) and stair ascent (p=0.009), and as high as during stair descent (p=0.546). 
Paragraph Number 15 For the lead limb during golf, there was a significant main effect for knee flexion range of motion (Table 4). Post-hoc tests indicated that knee flexion range of motion was smaller for the golf lead knee compared to walking (p=0.030), stair ascent (p<0.001), and stair descent (p<0.001). A significant main effect was also found for knee flexion angle at peak knee extensor moment. This angle was larger in the lead knee for golf compared to walking (p<0.001) and similar to stair ascent (p=0.971). Knee flexion angle at peak knee extensor moment was also smaller for the lead knee during golf compared to stair descent (p=0.026). There was a significant main effect for peak knee extensor moment. This moment was greater for the lead knee during golf compared to walking (p=0.002), and similar to stair ascent (p=0.323) and stair descent (p=0.899). There was also a significant main effect for peak knee abduction moment. This moment was greater for the lead knee during golf compared to all activities of daily living (p≤0.006). Statistical analysis also indicated a significant main effect for both peak knee internal rotation angle and peak knee external rotation angle. For the lead knee during golf, peak knee internal rotation angle was greater than all activities of daily living (p≤0.004). Similarly, peak knee external rotation angle was greater for the lead knee during golf compared to all activities of daily living (p≤0.001). A significant main effect was also found for peak vertical ground reaction force. This force was smaller for the lead knee during golf compared to stair descent (p=0.024), and similar to walking (p=0.131) and stair ascent (p=0.623).  

Paragraph Number 16 There was a significant main effect for knee flexion range of motion for the trail knee during golf (Table 3). Post-hoc tests indicated that knee flexion range of motion was smaller for the golf trail knee compared to walking (p=0.048), stair ascent (p<0.001), and stair descent (p<0.001). Statistical analysis also indicated a significant main effect for knee flexion angle at peak knee extensor moment. This angle was greater for the trail knee during golf compared to walking (p<0.001), as high as during stair ascent (p=0.019), and smaller for the trail knee during golf compared to stair descent (p=0.001). A significant main effect was also found for peak knee extensor moment. This moment was smaller for the golf trail knee compared to all activities of daily living (p≤0.011). There was a significant main effect for peak knee abduction moment. During golf, the trail knee exhibits a greater peak knee abduction moment compared to stair ascent (p=0.002). This moment was as high during golf as it was during walking (p=0.667) and stair descent (p=0.057). A significant main effect was also found for both peak knee internal rotation angle and peak knee external rotation angle. Peak knee internal rotation angle was greater for the trail knee during golf compared to stair ascent (p=0.004), and similar to walking (p=0.093) and stair descent (p=0.229). Peak knee external rotation angle was greater for the golf trail knee compared to all activities of daily living (p≤0.001). Lastly, there was a significant main effect for peak vertical ground reaction force. This force was smaller for the golf trail knee compared to all activities of daily living (p<0.001). 

Discussion 


Paragraph Number 17 Socialization is a motivating factor for participation in physical activity among older adults 11()
. Therefore, recreational activities that require low demand of the knee may increase physical activity participation among older adults with knee pathologies. A better understanding of knee biomechanics in recreational activities will aid in developing evidence-based physical activity recommendations for older adults with knee pathologies. In this study, we investigated knee joint kinematics and kinetics in healthy older adults during the popular recreational activities of golf and bowling. We also compared knee biomechanics during golf and bowling to knee biomechanics during walking, stair ascent, and stair descent. 
Paragraph Number 18 The results of this study do not support the hypothesis that knee flexion range of motion, knee flexion angle at peak knee extensor moment, peak knee extensor moment, peak knee abduction moment, and peak vertical ground reaction force are similar between bowling and the activities of daily living. Biomechanics of the knee during bowling have not been previously reported. Therefore, the results of this study are novel and cannot be compared to current bowling literature. Knee flexion range of motion required for bowling is smaller than for all of the activities of daily living because the knee is in flexion before foot contact. This preparatory knee flexion is necessary to get the bowling ball close to the ground before release. Knee flexion angle at peak knee extensor moment during bowling was as large as during stair ascent and stair descent. Compared to stair negotiation, peak knee extensor moment during bowling was larger than during stair descent and as large as during stair ascent. Therefore, the sagittal plane demand placed on the knee during bowling appears to be as high as during stair negotiation. A large extensor moment, in conjunction with a large flexion angle, is very demanding for the knee. In a typical game of bowling, close to twenty repetitions of this deep knee flexion is necessary. The large eccentric load placed on the quadriceps may aid in strengthening this important muscle group. This strengthening may make activities of daily living such as stair negotiation feel less demanding for the knee. However, in this situation, the tibia also encounters a large anterior shear force that results in tibial anterior translation 
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(31)
. Increased compression of the knee joint also occurs as the quadriceps muscles eccentrically contract in order to maintain the flexed position 
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(31)
. This increased compression may be painful if cartilage damage exists at the knee joint, as it may be in older adults with knee OA. During bowling, the peak frontal plane moment was similar to walking. Peak transverse plane rotation was also similar between bowling and walking. During bowling, peak vertical ground reaction force was as high as during stair descent. Since secondary plane variables during bowling are similar to walking, the frontal and transverse planes can be considered low demand for the knee. However, the large sagittal plane demands placed on the knee during bowling may pose a challenge for the knee.  

Paragraph Number 19   The results of this study do not support the hypothesis that the dependent variables will be similar during golf and the activities of daily living. Given the different roles of the lead and trail limb during the golf swing, each limb was analyzed separately. The lead knee during golf experiences a knee flexion angle at peak knee extensor moment that is as high as that experienced during stair ascent. This finding is similar to the bowling condition. For the trail knee, the knee flexion angle at peak knee extensor moment is comparable to previous literature 16()
. This angle is smaller in the trail knee during golf compared to any of the activities of daily living. The lead knee during golf has a peak knee extensor moment as high as that experienced by the knee during stair ascent and stair descent. Our results for peak knee extensor moment for the knee of the lead limb during golf is similar to those reported by Gatt et al. 16()
. This finding is also similar to the bowling condition. In contrast, the peak knee extensor moment during golf at the trail knee is smaller than during any of the activities of daily living. Sagittal plane kinematics and kinetics for the trail knee during golf are smaller than during walking and therefore can be considered low demand on the knee. Despite the complexity of the golf swing, the peak abduction moment for the trail knee only reached a similar level to walking. In contrast, the peak abduction moment for the lead knee during golf was higher than any of the activities of daily living. These peak knee abduction moments for the lead knee and trail knee during golf are similar to those reported for healthy adult males during a golf swing 16()
. However, our results for the lead knee differ from those reported by Lynn and Noffal (25), who evaluated healthy young collegiate golfers. These differences suggest that age and skill level may affect the peak knee abduction moment at the lead knee during the golf swing. Due to the similarity to peak knee abduction moment during walking, frontal plane kinetics during golf are considered low demand on the trail knee. However, our results also indicate that frontal plane kinetics during a golf swing is very demanding for the lead knee. 

Paragraph Number 20   As anticipated for an activity with a large rotational component, the external rotation angles during golf are substantially larger than that experienced during either walking or stair negotiation. This large rotational angle may alter the contact location between the tibial plateau and femoral condyles during the golf swing compared to the contact locations during activities of daily living. In adults with TKR, large internal and external rotation angles have been shown to cause wear on the prosthetic 
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(19)
. A round of golf consists of close to twenty of these high rotation swings, which may be of concern for adults with knee pathologies. For the lead knee, peak vertical ground reaction force during golf was similar to walking. In contrast, this force was smaller in the trail knee during golf compared to walking. Therefore, the greatest challenge for both the lead and trail knee during golf is in the transverse plane. For the lead knee, the frontal plane demands during golf are higher than all activities of daily living, indicating a high demand on the knee. Furthermore, demands placed on the lead knee in the sagittal plane during golf are as high as during stair negotiation, and also considered challenging to the knee. Based on the comparisons to the activities of daily living, our findings also indicated different demands for the trail and lead knee during golf. These differences should be taken into account by the clinician when recommending recreational activities for patients with knee pathologies. Depending on the type of pathology, golf may be considered a recommended activity if the trail knee is the involved knee due to the low peak ground reaction force and sagittal plane demands. However, if the lead knee is the involved knee, more restrictions may need to be placed on golf participation since the sagittal, frontal, and transverse planes appear to be demanding for the lead knee.  

Paragraph Number 21 A limitation of this study was the exclusion of female golfers and bowlers. The literature has shown that knee kinematics during the golf swing are significantly different between men and women 15()
. Inclusion of females may have introduced variability due to gender differences that would have masked significant differences between activities. However, due to the exclusion of females, the results of this study cannot be generalized to all golfers and bowlers. Future studies should consider including females and analyzing gender differences during these activities. Another limitation of this study was the fact that the conditions of a bowling alley were not fully recreated.  The floor was not polished and the distance from the “foul line” to the pins was shortened. The lack of a polished floor diminished the ability to slide during the last step of the bowling approach. The shortened lane may have caused the bowlers to alter the force applied to the bowling ball. However, as the first reported study on knee biomechanics during bowling, the results provide insight into the demands placed on the knee during this popular recreational activity. During the golf trials, the speed of the club head was not monitored or controlled and could potentially affect the results. Therefore, club head speed may have differed between trials. However, all golfers were given adequate time to practice to become familiar with the set up. Golfers were also asked after each trial if the swing was normal. The sample size for this study was small compared to other biomechanical studies. However, the power analysis indicated that six participants per group were necessary to adequately power the study. Both the bowl and golf group had more than the necessary number of participants as indicated by the power analysis. 


Paragraph Number 22 A strength of the present study was the incorporation of both walking and stair negotiation in the comparison with popular recreational activities. Walking is an activity of daily living that is considered low demand for the knee. On the other hand, stair ascent and stair descent are activities of daily living that are considered high demand for the knee.  Inclusion of both walking and stair negotiation provides an indication of the continuum of biomechanical demands that the knee encounters during daily activities. 

Paragraph Number 23 In summary, healthy older male bowlers required a peak knee extensor moment that was as high as during stair ascent in order to perform the bowling motion. They also exhibited a knee flexion angle at peak knee extensor moment during bowling that was similar to the angle during stair ascent and stair descent. Peak vertical ground reaction force during bowling was also as large as during stair descent in this population. During the golf swing, healthy older males exhibited a peak extensor moment in the lead knee that was as high as during stair negotiation. The lead knee also required a peak abduction moment that was larger than all of the activities studied in order to perform a golf swing. Peak knee external rotation angles that were larger than the angle experienced during any of the activities of daily living studied were present for both the lead and trail knees during golf. These results indicate that the sagittal plane is the most demanding for the knee of healthy older males during bowling. Our results also indicate that transverse plane movement is the most challenging for the knee during golf in older males without knee pathologies. 
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Table 2. Participant characteristics.
	 
	Golfers
	Bowlers

	Age (yr)
	55.9 ± 8.3 (45.0-73.0)
	59.6 ± 10.9 (46.0-69.0)

	Height (m)
	1.79 ± 0.06 (1.66-1.88)
	1.78 ± 0.09 (1.67-1.92)

	Mass (kg)
	95.6 ± 16.2 (62.7-113.2)
	87.4 ± 8.4 (70.7-95.2)

	BMI (kg/m2)
	30.4 ± 6.5 (18.72-41.08)
	27.7 ± 3.2 (23.62-33.10)

	Average Score
	82.6 ± 7.0 (74.0-95.0)
	183.8 ± 33.5 (128.0-216.0)

	Participation per week (hr)
	12.9 ± 7.0 (6.0-24.0)
	5.0 ± 2.8 (2.0-9.0)

	Total experience (yr)
	 39.0 ± 9.0 (25.0-55.0)
	31.2 ± 22.9 (1.0-55.0)


All values are given as the mean ± SD (range).

BMI, body mass index.




	
	Bowling
	Walk
	Stair Ascent
	Stair Descent
	F value
	p-value

	Knee Flexion Range of Motion (°)
	29.2±5.5
	47.4±4.2*
	61.2±1.5*
	78.8±3.1*
	211.89
	<0.001

	Knee Flexion Angle at Peak Knee Extensor Moment (°)
	-50.5±10.0
	-17.9±4.4*
	-52.0±4.4
	-56.5±7.0
	63.82
	<0.001

	Peak Knee Extensor Moment (Nm/(BW*Ht))
	.077±.012
	.037±.010*
	.072±.009
	.067±.010*
	40.59
	<0.001

	Peak Knee Abduction Moment (Nm/(BW*Ht))
	-.038±.019
	-.032±.009
	-.019±.009*
	-.024±.013
	3.79
	0.029

	Peak Knee Internal Rotation Angle (°)
	-9.8±4.2
	-11.6±7.1
	-5.5±6.3
	-9.9±6.9
	2.68
	0.078

	Peak Knee External Rotation Angle (°)
	-2.9±5.7
	0.9±5.1
	2.8±7.4
	1.4±5.6
	1.78
	0.229

	Peak Vertical GRF (BW)
	1.3±.08
	1.1±.04*
	1.1±.07*
	1.2±.11
	8.89
	0.001


Table 3. Variables of interest during bowling and activities of daily living.
All values are given as mean ± SD. GRF, ground reaction force. 

*Significantly different from bowling.
Table 4. Variables of interest during golf and activities of daily living.
	 
	Golf Lead Knee
	Golf Trail Knee
	Walk
	Stair Ascent
	Stair Descent
	F value
	p-value

	Knee Flexion Range of Motion (°)
	36.6±7.8
	37.7±9.7
	47.3±5.6*^
	60.3±4.3*^
	77.5±3.7*^
	53.10
	<0.001

	Knee Flexion Angle at Peak Knee Extensor Moment (°)
	-51.4±6.9
	-45.7±7.0
	-19.6±4.1*^
	-51.3±6.3^
	-57.9±4.0*^
	113.48
	<0.001

	Peak Knee Extensor Moment (Nm/(BW*Ht))
	.068±.017
	.030±.013
	.043±.006*^
	.075±.010^
	.067±.009^
	34.19
	<0.001

	Peak Knee Abduction Moment (Nm/(BW*Ht))
	-.043±.011
	-.027±.009
	-.025±.006*
	-.013±.005*
	-.015±.011*
	16.55
	<0.001

	Peak Knee Internal Rotation Angle (°)
	-19.9±6.6
	-14.1±6.3
	-11.0±5.7
	-8.2±3.8*^
	-12.0±2.9
	13.93
	<0.001

	Peak Knee External Rotation Angle (°)
	14.3±5.5
	10.9±5.7
	0.4±3.9*^
	0.6±3.6*^
	-0.01±3.5*^
	42.46
	<0.001

	Peak Vertical GRF (BW)
	1.05±0.14
	0.81±0.03
	1.13±0.02^
	1.08±0.07^
	1.24±0.11*^
	30.46
	<0.001



All values are given as mean ± SD. GRF, ground reaction force
*Significantly different from golf lead knee. ^Significantly different from golf trail knee.
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Figure 3. Representative sagittal plane knee kinematics and kinetics during bowling and activities of daily living.

[image: image3.png]Knee Angle (deg)

Stance (%)

Golf Lead Knee
= Golf Trail Knee
- = Walk

- Stair Ascent

— — Stair Descent





[image: image4.png]Knee Moment (Nm/(BW*Ht))

0.1

0.08

0.06

0.04

0.02

-0.02

-0.04

-0.06

Stance (%)

Golf Lead Knee

Golf Trail Knee
- = Walk
— — — Stair Ascent

— — Stair Descent




Figure 4. Representative sagittal plane knee kinematics and kinetics during golf and activities of daily living.

APPENDICES

Appendix A 
Informed Consent Form for Bowlers
INFORMED CONSENT FORM

Knee biomechanics of older adults during common recreational and daily activities.
Principal Investigator: Julie L. Pfeiffer
Address: Dept of Kinesiology, Recreation, and Sport Studies

University of Tennessee
1914 Andy Holt Avenue, HPER 136

Knoxville, TN 37966

Phone: (865) 974-2091

Purpose
You are invited to take part in a research study entitled “Knee biomechanics of older adults during common recreational and daily activities.” In this study we will measure how your knee moves as you walk, go up and down stairs, and bowl and compare the activities. This study involves one visit to our laboratory for approximately 90 minutes.
You have been invited to take part in this study because you are a healthy adult aged between 45 and 75 years who has been bowling at least twice a month for a year or more. To take part in the study, you should not have any injuries now or in the past six months. If you have any joint replacements, symptomatic lower back, hip, knee, or ankle arthritis or pain at this time you will not be able to participate. You must also be able to understand and follow directions, and go up and down stairs in a step over step manner without the use of a handrail. If you do not meet all of these criteria or choose not to participate in the study, your visit will end.  

Laboratory Visit
If you meet the inclusion criteria and agree to participate, then you will stay at the lab for the data collection. We will ask you some questions to record your bowling experience. Then, you will change into medical shorts that we will provide for you to wear.  We will also provide you with a pair of laboratory shoes and socks to wear. Your height will then be measured. Next, small silver balls will be attached to your waist, hips, leg, and foot using medical tape and plastic shells with neoprene wraps. These will not interfere with your ability to move. The motion capture cameras in our lab record the position of these balls as you move within the lab space. They will not record an image of you. We will collect data of you standing still and then some of the silver balls will be removed.

Next, you will walk up and down a five-step staircase at a typical everyday speed in a step over step manner without the use of the handrail. The staircase has a handrail in case you need to grab it at any time. You will be able to practice walking up and down the stairs until you feel comfortable. You will be able to rest as often as you need. After you have completed five acceptable trials of up and down stairs, you will either walk across the laboratory or bowl. You will walk across the laboratory at a typical walking speed. You will be allowed to practice walking until you feel comfortable. Five acceptable walking trials will be recorded. You will also bowl towards foam pins using your own bowling ball. You will have as much time as needed to practice bowling in the laboratory. Once you feel comfortable, five acceptable trials will be collected.

Potential Risks 

The potential risks associated with this study include trips or falls as you walk across the laboratory or walk up and down the stairs. A handrail is attached to the stairs for you to grab if needed. We will also do our best to minimize these risks by explaining what will happen in the session and letting you practice. If you become injured during the data collection, standard first aid procedures will be carried out as needed. The University of Tennessee does not ‘automatically’ reimburse participants for medical claims or other compensation. If physical injury is suffered in the course of research, or for more information, please notify the investigator in charge (Julie Pfeiffer, (865)974-2091).

Benefits of Participation
While participation in this study may not benefit you at the time of data collection, its purpose is to provide information on how the knee performs during recreational activities in healthy adults. This may lead to the development of evidence based physical activity recommendations.
Confidentiality
Your identity will be kept confidential by using code numbers to identify your information. These numbers will be used during all processing and analysis of the data and reports of the study and its results. 

Contact Information
If you have questions at any time about the study or the procedures (or you experience adverse effects as a result of participating in the study), you may contact the researcher, Julie Pfeiffer, at 1915 Andy Holt Ave., HPER 136, (865)974-2091. If you have questions about your rights as a participant, contact the Office of Research Compliance Officer at (865) 974-3466. 

Participation
Your participation in this study is voluntary; you may decline to participate without penalty. If you decide to participate, you may withdraw from the study at any time without penalty or loss of benefits to which you are otherwise entitled. If you withdraw from the study before data collection is completed your data will be destroyed.

Consent
I have read the above information. I have received a copy of this form. I agree to participate in this study.


___________________________
________________

__________
 
Participant’s Signature


Date

          Participant #
__________________________

________________

 
Investigator’s Signature


Date


Appendix B

Informed Consent Form for Golfers

INFORMED CONSENT FORM

Knee biomechanics of older adults during common recreational and daily activities.
Principal Investigator: Julie L. Pfeiffer
Address: Dept of Kinesiology, Recreation, and Sport Studies

University of Tennessee
1914 Andy Holt Avenue, HPER 136

Knoxville, TN 37966

Phone: (865) 974-2091

Purpose
You are invited to take part in a research study entitled “Knee biomechanics of older adults during common recreational and daily activities.” In this study we will measure how your knee moves as you walk, go up and down stairs, and golf and compare the activities. This study involves one visit to our laboratory for approximately 90 minutes.
You have been invited to take part in this study because you are a healthy adult aged between 45 and 75 years who has been golfing at least twice a month for a year or more. To take part in the study, you should not have any injuries now or in the past six months. If you have any joint replacements, symptomatic lower back, hip, knee, or ankle arthritis or pain at this time you will not be able to participate. You must also be able to understand and follow directions, and go up and down stairs in a step over step manner without the use of a handrail. If you do not meet all of these criteria or choose not to participate in the study, your visit will end.  

Laboratory Visit
If you meet the inclusion criteria and agree to participate, then you will stay at the lab for the data collection.  We will ask you some questions to record your golf experience. Then, you will change into medical shorts that we will provide for you to wear. We will also provide you with a pair of laboratory shoes and socks to wear. Your height will then be measured. Next, small silver balls will be attached to your arm, waist, hips, leg, and foot using medical tape and plastic shells with neoprene wraps. These will not interfere with your ability to move. The motion capture cameras in our lab record the position of these balls as you move within the lab space. They will not record an image of you. We will collect data of you standing still and then some of the silver balls will be removed.

Next, you will walk up and down a five-step staircase at a typical everyday speed in a step over step manner without the use of the handrail. The staircase has a handrail in case you need to grab it at any time. You will be able to practice walking up and down the stairs until you feel comfortable. You will be able to rest as often as you need. After you have completed five acceptable trials of up and down stairs, you will either walk across the laboratory or golf. You will walk across the laboratory at a typical walking speed. You will be allowed to practice walking until you feel comfortable. Five acceptable walking trials will be recorded. You will also hit a practice ball from a tee using your own driver. You will have as much time as needed to practice the golf swing in the laboratory. Once you feel comfortable, five acceptable trials will be collected.

Potential Risks 

The potential risks associated with this study include trips or falls as you walk across the laboratory or walk up and down the stairs. A handrail is attached to the stairs for you to grab if needed. We will also do our best to minimize these risks by explaining what will happen in the session and letting you practice. If you become injured during the data collection, standard first aid procedures will be carried out as needed. The University of Tennessee does not ‘automatically’ reimburse participants for medical claims or other compensation. If physical injury is suffered in the course of research, or for more information, please notify the investigator in charge (Julie Pfeiffer, (865)974-2091).

Benefits of Participation
While participation in this study may not benefit you at the time of data collection, its purpose is to provide information on how the knee performs during recreational activities in healthy adults. This may lead to the development of evidence based physical activity recommendations.
Confidentiality
Your identity will be kept confidential by using code numbers to identify your information. These numbers will be used during all processing and analysis of the data and reports of the study and its results.

Contact Information
If you have questions at any time about the study or the procedures (or you experience adverse effects as a result of participating in the study), you may contact the researcher, Julie Pfeiffer, at 1915 Andy Holt Ave., HPER 136, (865)974-2091. If you have questions about your rights as a participant, contact the Office of Research Compliance Officer at (865) 974-3466.
Participation
Your participation in this study is voluntary; you may decline to participate without penalty. If you decide to participate, you may withdraw from the study at any time without penalty or loss of benefits to which you are otherwise entitled. If you withdraw from the study before data collection is completed your data will be destroyed.

Consent
I have read the above information. I have received a copy of this form. I agree to participate in this study.


___________________________
________________

__________
 
Participant’s Signature


Date

          Participant #
__________________________

________________

 
Investigator’s Signature


Date


Appendix C
Individual Results

Table 5. Individual participant characteristics.
	Participant Characteristics

	Participant
	Activity
	Age (yr)
	Height (m)
	Mass (kg)

	1
	Bowl
	68
	1.67
	92.3

	2
	Golf
	55
	1.74
	107.8

	3
	Bowl
	46
	1.75
	89.8

	4
	Bowl
	69
	1.74
	89.2

	5
	Golf
	73
	1.83
	100.6

	6
	Golf
	52
	1.88
	88.3

	7
	Golf
	45
	1.80
	102.3

	8
	Bowl
	68
	1.73
	70.7

	9
	Golf
	53
	1.74
	80.1

	10
	Bowl
	47
	1.79
	82.4

	11
	Golf
	47
	1.66
	113.2

	12
	Bowl
	51
	1.87
	95.2

	13
	Bowl
	68
	1.92
	92.5

	14
	Golf
	61
	1.78
	108.7

	15
	Golf
	58
	1.83
	62.7

	16
	Golf
	59
	1.81
	99.6

	Bowl Mean
	
	59.57
	1.78
	87.44

	Bowl SD
	
	10.94
	0.09
	8.40

	Golf Mean
	
	55.89
	1.79
	95.92

	Golf SD
	
	8.33
	0.06
	16.17


Table 6. Knee flexion/extension range of motion for all conditions.
	Knee Flexion/Extension Range of Motion (deg)

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	52.41
	60.51
	78.80
	17.30
	--
	--

	2
	Golf
	53.40
	55.57
	71.34
	--
	34.43
	30.74

	3
	Bowl
	40.37
	60.54
	81.70
	29.59
	--
	--

	4
	Bowl
	43.72
	58.97
	72.97
	29.77
	--
	--

	5
	Golf
	53.22
	57.33
	77.43
	--
	27.64
	47.14

	6
	Golf
	44.04
	66.01
	79.18
	--
	25.76
	51.72

	7
	Golf
	45.61
	62.11
	79.15
	--
	39.88
	43.88

	8
	Bowl
	49.98
	62.66
	82.20
	31.39
	--
	--

	9
	Golf
	44.64
	63.36
	81.54
	--
	44.68
	33.87

	10
	Bowl
	50.98
	63.37
	79.13
	30.06
	--
	--

	11
	Golf
	50.29
	53.24
	80.56
	--
	38.82
	21.53

	12
	Bowl
	47.52
	61.06
	79.44
	33.94
	--
	--

	13
	Bowl
	47.06
	61.43
	77.40
	32.24
	--
	--

	14
	Golf
	51.70
	59.09
	80.96
	--
	34.00
	29.70

	15
	Golf
	35.96
	62.09
	73.76
	--
	50.59
	36.65

	16
	Golf
	46.63
	64.06
	73.82
	--
	34.00
	43.80

	Bowl Mean
	47.43
	61.22
	78.81
	29.18
	--
	--

	Bowl SD
	
	4.24
	1.46
	3.07
	5.47
	--
	--

	Golf Mean
	47.28
	60.32
	77.53
	--
	36.64
	37.67

	Golf SD
	
	5.59
	4.26
	3.69
	--
	7.85
	9.69


Table 7. Knee flexion angle at peak knee extensor moment for all conditions.
	Knee Flexion Angle at Peak Knee Extensor Moment (deg)

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	-15.10
	-52.24
	-41.97
	-34.57
	--
	--

	2
	Golf
	-17.27
	-45.63
	-52.85
	--
	-57.02
	-46.47

	3
	Bowl
	-17.09
	-55.42
	-60.42
	-47.95
	--
	--

	4
	Bowl
	-25.91
	-60.16
	-60.72
	-55.46
	--
	--

	5
	Golf
	-16.26
	-48.83
	-55.94
	--
	-35.84
	-37.12

	6
	Golf
	-23.40
	-58.46
	-58.89
	--
	-49.41
	-54.32

	7
	Golf
	-16.12
	-49.52
	-52.21
	--
	-53.15
	-48.61

	8
	Bowl
	-12.50
	-50.16
	-59.80
	-42.47
	--
	--

	9
	Golf
	-23.34
	-58.96
	-64.22
	--
	-55.75
	-56.99

	10
	Bowl
	-18.94
	-50.08
	-62.45
	-53.65
	--
	--

	11
	Golf
	-23.18
	-55.02
	-58.56
	--
	-56.97
	-47.12

	12
	Bowl
	-15.43
	-48.42
	-54.27
	-65.56
	--
	--

	13
	Bowl
	-20.38
	-47.85
	-56.03
	-53.77
	--
	--

	14
	Golf
	-13.21
	-41.82
	-56.73
	--
	-48.59
	-36.90

	15
	Golf
	-24.13
	-57.14
	-62.63
	--
	-57.04
	-40.27

	16
	Golf
	-19.33
	-46.23
	-59.26
	--
	-48.69
	-43.69

	Bowl Mean
	-17.91
	-52.05
	-56.52
	-50.49
	--
	--

	Bowl SD
	
	4.38
	4.39
	7.02
	9.97
	--
	--

	Golf Mean
	-19.58
	-51.29
	-57.92
	--
	-51.38
	-45.72

	Golf SD
	
	4.05
	6.27
	4.01
	--
	6.87
	7.05


Table 8. Peak knee extensor moment for all conditions.
	Peak Knee Extensor Moment (Nm/(BW*Ht))

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	0.029
	0.076
	0.052
	0.066
	--
	--

	2
	Golf
	0.044
	0.071
	0.057
	--
	0.077
	0.020

	3
	Bowl
	0.038
	0.071
	0.071
	0.069
	--
	--

	4
	Bowl
	0.054
	0.068
	0.075
	0.080
	--
	--

	5
	Golf
	0.038
	0.074
	0.072
	--
	--
	--

	6
	Golf
	0.043
	0.079
	0.074
	--
	0.057
	0.036

	7
	Golf
	0.037
	0.069
	0.060
	--
	0.086
	0.024

	8
	Bowl
	0.028
	0.069
	0.067
	0.064
	--
	--

	9
	Golf
	0.052
	0.086
	0.076
	--
	0.079
	0.063

	10
	Bowl
	0.044
	0.084
	0.080
	0.093
	--
	--

	11
	Golf
	0.049
	0.081
	0.067
	--
	0.061
	0.026

	12
	Bowl
	0.033
	0.077
	0.070
	0.091
	--
	--

	13
	Bowl
	0.036
	0.057
	0.055
	0.076
	--
	--

	14
	Golf
	0.035
	0.064
	0.059
	--
	0.088
	0.031

	15
	Golf
	0.048
	0.089
	0.083
	--
	0.076
	0.024

	16
	Golf
	0.039
	0.061
	0.059
	--
	0.048
	0.020

	Bowl Mean
	0.037
	0.072
	0.067
	0.077
	--
	--

	Bowl SD
	
	0.009
	0.009
	0.010
	0.012
	--
	--

	Golf Mean
	0.044
	0.076
	0.068
	--
	0.069
	0.031

	Golf SD
	
	0.006
	0.010
	0.009
	--
	0.014
	0.014


Table 9. Peak knee abduction moment for all conditions.
	Peak Knee Abduction Moment (Nm/(BW*Ht))

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	-0.039
	-0.028
	-0.030
	-0.051
	--
	--

	2
	Golf
	-0.015
	-0.005
	0.003
	--
	-0.070
	-0.034

	3
	Bowl
	-0.033
	-0.020
	-0.015
	-0.045
	--
	--

	4
	Bowl
	-0.013
	-0.016
	-0.001
	-0.015
	--
	--

	5
	Golf
	-0.030
	-0.019
	-0.034
	--
	-0.044
	-0.024

	6
	Golf
	-0.028
	-0.010
	-0.006
	--
	-0.032
	-0.020

	7
	Golf
	-0.035
	-0.018
	-0.015
	--
	-0.049
	-0.028

	8
	Bowl
	-0.030
	-0.006
	-0.030
	-0.063
	--
	--

	9
	Golf
	-0.026
	-0.014
	-0.013
	--
	-0.035
	-0.042

	10
	Bowl
	-0.034
	-0.030
	-0.025
	-0.048
	--
	--

	11
	Golf
	-0.024
	-0.021
	-0.013
	--
	-0.042
	-0.032

	12
	Bowl
	-0.033
	-0.010
	-0.042
	-0.012
	--
	--

	13
	Bowl
	-0.040
	-0.021
	-0.029
	-0.034
	--
	--

	14
	Golf
	-0.027
	-0.014
	-0.028
	--
	-0.043
	-0.027

	15
	Golf
	-0.018
	-0.009
	-0.007
	--
	-0.037
	-0.018

	16
	Golf
	-0.023
	-0.011
	-0.022
	--
	-0.035
	-0.015

	Bowl Mean
	-0.032
	-0.019
	-0.024
	-0.038
	--
	--

	Bowl SD
	
	0.009
	0.009
	0.013
	0.019
	--
	--

	Golf Mean
	-0.025
	-0.013
	-0.015
	--
	-0.043
	-0.027

	Golf SD
	
	0.006
	0.005
	0.011
	--
	0.011
	0.009


Table 10. Peak knee internal rotation angle for all conditions.
	Peak Knee Internal Rotation Angle (deg)
	 

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	-13.53
	-1.97
	-4.54
	-17.11
	--
	--

	2
	Golf
	-1.92
	-4.67
	-7.15
	--
	-13.22
	-4.61

	3
	Bowl
	-5.17
	1.30
	-0.46
	-4.99
	--
	--

	4
	Bowl
	-13.60
	-9.36
	-13.66
	-6.39
	--
	--

	5
	Golf
	-19.87
	-11.32
	-15.50
	--
	-24.46
	-20.79

	6
	Golf
	-16.29
	-12.63
	-13.45
	--
	-21.15
	-18.59

	7
	Golf
	-6.47
	-8.42
	-14.42
	--
	-22.63
	-19.41

	8
	Bowl
	-0.94
	2.37
	-6.68
	-12.00
	--
	--

	9
	Golf
	-6.60
	-4.62
	-8.29
	--
	-20.67
	-13.99

	10
	Bowl
	-10.25
	-6.42
	-8.80
	-7.66
	--
	--

	11
	Golf
	-15.22
	-12.72
	-14.96
	--
	-31.95
	-16.19

	12
	Bowl
	-14.57
	-9.61
	-13.78
	-8.29
	--
	--

	13
	Bowl
	-22.80
	-14.69
	-21.06
	-12.29
	--
	--

	14
	Golf
	-7.78
	-2.96
	-11.49
	--
	-17.57
	-3.00

	15
	Golf
	-13.62
	-5.54
	-11.07
	--
	-9.14
	-16.03

	16
	Golf
	-11.23
	-11.16
	-11.69
	--
	-18.37
	-14.12

	Bowl Mean
	-11.55
	-5.48
	-9.85
	-9.82
	--
	--

	Bowl SD
	
	7.06
	6.29
	6.87
	4.21
	--
	--

	Golf Mean
	-11.57
	-8.20
	-11.70
	--
	-19.57
	-13.42

	Golf SD
	
	5.74
	3.85
	2.90
	--
	6.56
	6.27


Table 11. Peak knee external rotation angle for all conditions.
	Peak Knee External Rotation Angle (deg)

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	1.97
	11.17
	8.81
	-13.72
	--
	--

	2
	Golf
	5.61
	2.11
	2.51
	--
	16.07
	23.95

	3
	Bowl
	6.27
	9.03
	4.72
	4.28
	--
	--

	4
	Bowl
	-1.53
	0.52
	-0.51
	-0.64
	--
	--

	5
	Golf
	-4.47
	-2.95
	-1.09
	--
	7.05
	7.50

	6
	Golf
	-2.64
	-3.83
	-5.34
	--
	12.84
	7.85

	7
	Golf
	2.80
	3.22
	2.06
	--
	15.59
	10.80

	8
	Bowl
	7.22
	10.37
	6.85
	-4.49
	--
	--

	9
	Golf
	1.71
	3.51
	3.10
	--
	23.06
	11.18

	10
	Bowl
	1.01
	-2.52
	-0.38
	-1.00
	--
	--

	11
	Golf
	-6.27
	-4.79
	-5.53
	--
	7.61
	10.13

	12
	Bowl
	-0.31
	-1.59
	-2.61
	0.19
	--
	--

	13
	Bowl
	-8.04
	-7.51
	-6.85
	-4.69
	--
	--

	14
	Golf
	2.38
	5.00
	4.26
	--
	14.34
	12.90

	15
	Golf
	1.65
	3.02
	-0.55
	--
	10.83
	2.72

	16
	Golf
	2.57
	-0.14
	0.51
	--
	21.45
	11.37

	Bowl Mean
	0.94
	2.78
	1.43
	-2.87
	--
	--

	Bowl SD
	
	5.12
	7.36
	5.58
	5.67
	--
	--

	Golf Mean
	0.37
	0.57
	-0.01
	--
	14.32
	10.93

	Golf SD
	
	3.91
	3.62
	3.52
	--
	5.52
	5.73


Table 12. Peak vertical ground reaction force for all conditions.
	Peak Vertical Ground Reaction Force (BW)

	Participant
	Activity
	Walk
	Stair Ascent
	Stair Descent
	Bowl
	Lead Golf
	Trail Golf

	1
	Bowl
	1.16
	1.13
	1.43
	1.29
	--
	--

	2
	Golf
	1.12
	1.05
	1.23
	--
	1.21
	0.86

	3
	Bowl
	1.15
	1.21
	1.14
	1.22
	--
	--

	4
	Bowl
	1.15
	1.08
	1.29
	1.23
	--
	--

	5
	Golf
	1.14
	0.99
	1.13
	--
	0.93
	0.77

	6
	Golf
	1.12
	1.16
	1.48
	--
	1.01
	0.85

	7
	Golf
	1.17
	1.15
	1.16
	--
	1.21
	0.81

	8
	Bowl
	1.07
	1.09
	1.18
	1.38
	--
	--

	9
	Golf
	1.10
	1.16
	1.21
	--
	0.90
	0.80

	10
	Bowl
	1.07
	1.00
	1.21
	1.38
	--
	--

	11
	Golf
	1.12
	1.03
	1.34
	--
	0.87
	0.80

	12
	Bowl
	1.09
	1.08
	1.33
	1.18
	--
	--

	13
	Bowl
	1.08
	1.09
	1.13
	1.29
	--
	--

	14
	Golf
	1.12
	1.02
	1.26
	--
	1.10
	0.86

	15
	Golf
	1.12
	1.04
	1.27
	--
	1.06
	0.80

	16
	Golf
	1.13
	1.10
	1.12
	--
	1.20
	0.78

	Bowl Mean
	1.11
	1.10
	1.24
	1.28
	--
	--

	Bowl SD
	
	0.04
	0.07
	0.11
	0.08
	--
	--

	Golf Mean
	1.13
	1.08
	1.24
	--
	1.05
	0.81

	Golf SD
	
	0.02
	0.07
	0.11
	--
	0.14
	0.03


Appendix D
Additional Graphs
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Figure 5. Representative frontal plane knee kinetics during bowling and activities of daily living.
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Figure 6. Representative transverse plane knee kinematics during bowling and activities of daily living.
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Figure 7. Representative vertical ground reaction force during bowling and activities of daily living.
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Figure 8. Representative frontal plane knee kinetics during golf and activities of daily living.
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Figure 9. Representative transverse plane knee kinematics during golf and activities of daily living.
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Figure 10. Representative vertical ground reaction force during golf and activities of daily living.
Appendix E
Statistical Analysis

Table 13. Statistical analysis of knee flexion/extension range of motion for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.080
	11.915
	5
	.040
	.511
	.651
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	9283.852
	3
	3094.617
	211.892
	.000
	.972

	
	Greenhouse-Geisser
	9283.852
	1.532
	6058.029
	211.892
	.000
	.972

	
	Huynh-Feldt
	9283.852
	1.954
	4752.352
	211.892
	.000
	.972

	
	Lower-bound
	9283.852
	1.000
	9283.852
	211.892
	.000
	.972

	Error(Condition)
	Sphericity Assumed
	262.884
	18
	14.605
	
	
	

	
	Greenhouse-Geisser
	262.884
	9.195
	28.590
	
	
	

	
	Huynh-Feldt
	262.884
	11.721
	22.428
	
	
	

	
	Lower-bound
	262.884
	6.000
	43.814
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-18.248*
	3.084
	.001
	-25.795
	-10.702

	
	3
	-32.034*
	2.004
	.000
	-36.937
	-27.131

	
	4
	-49.621*
	2.326
	.000
	-55.314
	-43.928

	2
	1
	18.248*
	3.084
	.001
	10.702
	25.795

	
	3
	-13.786*
	1.370
	.000
	-17.138
	-10.434

	
	4
	-31.373*
	1.831
	.000
	-35.853
	-26.893

	3
	1
	32.034*
	2.004
	.000
	27.131
	36.937

	
	2
	13.786*
	1.370
	.000
	10.434
	17.138

	
	4
	-17.587*
	.933
	.000
	-19.869
	-15.305

	4
	1
	49.621*
	2.326
	.000
	43.928
	55.314

	
	2
	31.373*
	1.831
	.000
	26.893
	35.853

	
	3
	17.587*
	.933
	.000
	15.305
	19.869

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 14. Statistical analysis of knee flexion/extesnsion range of motion for golfers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.064
	17.630
	9
	.046
	.553
	.774
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	10658.508
	4
	2664.627
	53.099
	.000
	.869

	
	Greenhouse-Geisser
	10658.508
	2.212
	4818.142
	53.099
	.000
	.869

	
	Huynh-Feldt
	10658.508
	3.094
	3444.534
	53.099
	.000
	.869

	
	Lower-bound
	10658.508
	1.000
	10658.508
	53.099
	.000
	.869

	Error(Condition)
	Sphericity Assumed
	1605.830
	32
	50.182
	
	
	

	
	Greenhouse-Geisser
	1605.830
	17.697
	90.739
	
	
	

	
	Huynh-Feldt
	1605.830
	24.755
	64.870
	
	
	

	
	Lower-bound
	1605.830
	8.000
	200.729
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	1.026
	4.998
	.843
	-10.500
	12.552

	
	3
	-9.608*
	4.112
	.048
	-19.090
	-.125

	
	4
	-22.651*
	2.464
	.000
	-28.333
	-16.968

	
	5
	-39.858*
	3.594
	.000
	-48.145
	-31.570

	2
	1
	-1.026
	4.998
	.843
	-12.552
	10.500

	
	3
	-10.633*
	4.053
	.030
	-19.979
	-1.288

	
	4
	-23.676*
	2.937
	.000
	-30.449
	-16.903

	
	5
	-40.883*
	2.943
	.000
	-47.671
	-34.096

	3
	1
	9.608*
	4.112
	.048
	.125
	19.090

	
	2
	10.633*
	4.053
	.030
	1.288
	19.979

	
	4
	-13.043*
	2.996
	.002
	-19.951
	-6.135

	
	5
	-30.250*
	2.155
	.000
	-35.220
	-25.280

	4
	1
	22.651*
	2.464
	.000
	16.968
	28.333

	
	2
	23.676*
	2.937
	.000
	16.903
	30.449

	
	3
	13.043*
	2.996
	.002
	6.135
	19.951

	
	5
	-17.207*
	1.817
	.000
	-21.398
	-13.016

	5
	1
	39.858*
	3.594
	.000
	31.570
	48.145

	
	2
	40.883*
	2.943
	.000
	34.096
	47.671

	
	3
	30.250*
	2.155
	.000
	25.280
	35.220

	
	4
	17.207*
	1.817
	.000
	13.016
	21.398

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 15. Statistical analysis of knee flexion angle at peak knee extensor moment for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.238
	6.773
	5
	.247
	.613
	.872
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	6610.009
	3
	2203.336
	63.820
	.000
	.914

	
	Greenhouse-Geisser
	6610.009
	1.840
	3592.879
	63.820
	.000
	.914

	
	Huynh-Feldt
	6610.009
	2.615
	2527.909
	63.820
	.000
	.914

	
	Lower-bound
	6610.009
	1.000
	6610.009
	63.820
	.000
	.914

	Error(Condition)
	Sphericity Assumed
	621.440
	18
	34.524
	
	
	

	
	Greenhouse-Geisser
	621.440
	11.039
	56.297
	
	
	

	
	Huynh-Feldt
	621.440
	15.689
	39.610
	
	
	

	
	Lower-bound
	621.440
	6.000
	103.573
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-32.581*
	3.465
	.000
	-41.059
	-24.104

	
	3
	1.559
	4.293
	.729
	-8.944
	12.062

	
	4
	6.035
	3.427
	.129
	-2.351
	14.420

	2
	1
	32.581*
	3.465
	.000
	24.104
	41.059

	
	3
	34.140*
	1.495
	.000
	30.483
	37.797

	
	4
	38.616*
	2.595
	.000
	32.265
	44.966

	3
	1
	-1.559
	4.293
	.729
	-12.062
	8.944

	
	2
	-34.140*
	1.495
	.000
	-37.797
	-30.483

	
	4
	4.476
	2.836
	.166
	-2.463
	11.414

	4
	1
	-6.035
	3.427
	.129
	-14.420
	2.351

	
	2
	-38.616*
	2.595
	.000
	-44.966
	-32.265

	
	3
	-4.476
	2.836
	.166
	-11.414
	2.463

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 16. Statistical analysis of knee flexion angle at peak knee extensor moment for golfers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.124
	13.402
	9
	.158
	.640
	.967
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	8043.342
	4
	2010.836
	113.484
	.000
	.934

	
	Greenhouse-Geisser
	8043.342
	2.560
	3141.989
	113.484
	.000
	.934

	
	Huynh-Feldt
	8043.342
	3.868
	2079.708
	113.484
	.000
	.934

	
	Lower-bound
	8043.342
	1.000
	8043.342
	113.484
	.000
	.934

	Error(Condition)
	Sphericity Assumed
	567.012
	32
	17.719
	
	
	

	
	Greenhouse-Geisser
	567.012
	20.480
	27.687
	
	
	

	
	Huynh-Feldt
	567.012
	30.940
	18.326
	
	
	

	
	Lower-bound
	567.012
	8.000
	70.876
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	5.662*
	2.386
	.045
	.159
	11.165

	
	3
	-26.140*
	1.939
	.000
	-30.612
	-21.669

	
	4
	5.569*
	1.894
	.019
	1.201
	9.936

	
	5
	12.198*
	2.381
	.001
	6.708
	17.688

	2
	1
	-5.662*
	2.386
	.045
	-11.165
	-.159

	
	3
	-31.802*
	2.033
	.000
	-36.491
	-27.114

	
	4
	-.093
	2.526
	.971
	-5.918
	5.732

	
	5
	6.536*
	2.389
	.026
	1.026
	12.046

	3
	1
	26.140*
	1.939
	.000
	21.669
	30.612

	
	2
	31.802*
	2.033
	.000
	27.114
	36.491

	
	4
	31.709*
	1.026
	.000
	29.343
	34.075

	
	5
	38.338*
	.966
	.000
	36.110
	40.567

	4
	1
	-5.569*
	1.894
	.019
	-9.936
	-1.201

	
	2
	.093
	2.526
	.971
	-5.732
	5.918

	
	3
	-31.709*
	1.026
	.000
	-34.075
	-29.343

	
	5
	6.629*
	1.567
	.003
	3.016
	10.243

	5
	1
	-12.198*
	2.381
	.001
	-17.688
	-6.708

	
	2
	-6.536*
	2.389
	.026
	-12.046
	-1.026

	
	3
	-38.338*
	.966
	.000
	-40.567
	-36.110

	
	4
	-6.629*
	1.567
	.003
	-10.243
	-3.016

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 17. Statistical analysis of peak knee extensor moment for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.769
	1.242
	5
	.942
	.877
	1.000
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	.007
	3
	.002
	40.594
	.000
	.871

	
	Greenhouse-Geisser
	.007
	2.632
	.003
	40.594
	.000
	.871

	
	Huynh-Feldt
	.007
	3.000
	.002
	40.594
	.000
	.871

	
	Lower-bound
	.007
	1.000
	.007
	40.594
	.001
	.871

	Error(Condition)
	Sphericity Assumed
	.001
	18
	5.448E-005
	
	
	

	
	Greenhouse-Geisser
	.001
	15.793
	6.209E-005
	
	
	

	
	Huynh-Feldt
	.001
	18.000
	5.448E-005
	
	
	

	
	Lower-bound
	.001
	6.000
	.000
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	.040*
	.004
	.000
	.030
	.050

	
	3
	.005
	.004
	.253
	-.005
	.015

	
	4
	.010*
	.004
	.045
	.000
	.019

	2
	1
	-.040*
	.004
	.000
	-.050
	-.030

	
	3
	-.034*
	.005
	.000
	-.046
	-.023

	
	4
	-.030*
	.003
	.000
	-.038
	-.022

	3
	1
	-.005
	.004
	.253
	-.015
	.005

	
	2
	.034*
	.005
	.000
	.023
	.046

	
	4
	.005
	.004
	.242
	-.004
	.013

	4
	1
	-.010*
	.004
	.045
	-.019
	.000

	
	2
	.030*
	.003
	.000
	.022
	.038

	
	3
	-.005
	.004
	.242
	-.013
	.004

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 18. Statistical analysis of peak knee extensor moment for golfers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	condition
	.048
	19.540
	9
	.025
	.482
	.632
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	condition
	Sphericity Assumed
	.013
	4
	.003
	34.186
	.000
	.810

	
	Greenhouse-Geisser
	.013
	1.928
	.007
	34.186
	.000
	.810

	
	Huynh-Feldt
	.013
	2.528
	.005
	34.186
	.000
	.810

	
	Lower-bound
	.013
	1.000
	.013
	34.186
	.000
	.810

	Error(condition)
	Sphericity Assumed
	.003
	32
	9.796E-005
	
	
	

	
	Greenhouse-Geisser
	.003
	15.425
	.000
	
	
	

	
	Huynh-Feldt
	.003
	20.228
	.000
	
	
	

	
	Lower-bound
	.003
	8.000
	.000
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) condition
	(J) condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-.038*
	.006
	.000
	-.053
	-.024

	
	3
	-.013*
	.004
	.011
	-.022
	-.004

	
	4
	-.045*
	.004
	.000
	-.054
	-.036

	
	5
	-.037*
	.004
	.000
	-.047
	-.028

	2
	1
	.038*
	.006
	.000
	.024
	.053

	
	3
	.026*
	.006
	.002
	.012
	.039

	
	4
	-.007
	.006
	.323
	-.021
	.008

	
	5
	.001
	.007
	.899
	-.015
	.016

	3
	1
	.013*
	.004
	.011
	.004
	.022

	
	2
	-.026*
	.006
	.002
	-.039
	-.012

	
	4
	-.032*
	.002
	.000
	-.036
	-.028

	
	5
	-.025*
	.002
	.000
	-.030
	-.019

	4
	1
	.045*
	.004
	.000
	.036
	.054

	
	2
	.007
	.006
	.323
	-.008
	.021

	
	3
	.032*
	.002
	.000
	.028
	.036

	
	5
	.007*
	.002
	.001
	.004
	.011

	5
	1
	.037*
	.004
	.000
	.028
	.047

	
	2
	-.001
	.007
	.899
	-.016
	.015

	
	3
	.025*
	.002
	.000
	.019
	.030

	
	4
	-.007*
	.002
	.001
	-.011
	-.004

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 19. Statistical analysis of peak knee abduction moment for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.141
	9.250
	5
	.106
	.638
	.931
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	.001
	3
	.000
	3.789
	.029
	.387

	
	Greenhouse-Geisser
	.001
	1.915
	.001
	3.789
	.056
	.387

	
	Huynh-Feldt
	.001
	2.793
	.001
	3.789
	.033
	.387

	
	Lower-bound
	.001
	1.000
	.001
	3.789
	.100
	.387

	Error(Condition)
	Sphericity Assumed
	.002
	18
	.000
	
	
	

	
	Greenhouse-Geisser
	.002
	11.492
	.000
	
	
	

	
	Huynh-Feldt
	.002
	16.756
	.000
	
	
	

	
	Lower-bound
	.002
	6.000
	.000
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-.006
	.006
	.359
	-.022
	.009

	
	3
	-.019*
	.007
	.038
	-.037
	-.001

	
	4
	-.014
	.008
	.140
	-.033
	.006

	2
	1
	.006
	.006
	.359
	-.009
	.022

	
	3
	-.013*
	.004
	.012
	-.022
	-.004

	
	4
	-.007
	.003
	.075
	-.016
	.001

	3
	1
	.019*
	.007
	.038
	.001
	.037

	
	2
	.013*
	.004
	.012
	.004
	.022

	
	4
	.006
	.006
	.415
	-.010
	.021

	4
	1
	.014
	.008
	.140
	-.006
	.033

	
	2
	.007
	.003
	.075
	-.001
	.016

	
	3
	-.006
	.006
	.415
	-.021
	.010

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 20. Statistical analysis of peak knee abduction moment for golfers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	condition
	.079
	16.320
	9
	.068
	.483
	.634
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	condition
	Sphericity Assumed
	.005
	4
	.001
	16.551
	.000
	.674

	
	Greenhouse-Geisser
	.005
	1.932
	.003
	16.551
	.000
	.674

	
	Huynh-Feldt
	.005
	2.536
	.002
	16.551
	.000
	.674

	
	Lower-bound
	.005
	1.000
	.005
	16.551
	.004
	.674

	Error(condition)
	Sphericity Assumed
	.002
	32
	7.609E-005
	
	
	

	
	Greenhouse-Geisser
	.002
	15.455
	.000
	
	
	

	
	Huynh-Feldt
	.002
	20.286
	.000
	
	
	

	
	Lower-bound
	.002
	8.000
	.000
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) condition
	(J) condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	.016*
	.004
	.003
	.008
	.025

	
	3
	-.002
	.003
	.667
	-.010
	.006

	
	4
	-.013*
	.003
	.002
	-.020
	-.006

	
	5
	-.012
	.005
	.057
	-.024
	.000

	2
	1
	-.016*
	.004
	.003
	-.025
	-.008

	
	3
	-.018*
	.005
	.006
	-.029
	-.007

	
	4
	-.030*
	.005
	.000
	-.040
	-.019

	
	5
	-.028*
	.006
	.002
	-.042
	-.014

	3
	1
	.002
	.003
	.667
	-.006
	.010

	
	2
	.018*
	.005
	.006
	.007
	.029

	
	4
	-.012*
	.001
	.000
	-.015
	-.008

	
	5
	-.010*
	.003
	.013
	-.017
	-.003

	4
	1
	.013*
	.003
	.002
	.006
	.020

	
	2
	.030*
	.005
	.000
	.019
	.040

	
	3
	.012*
	.001
	.000
	.008
	.015

	
	5
	.002
	.003
	.626
	-.006
	.009

	5
	1
	.012
	.005
	.057
	.000
	.024

	
	2
	.028*
	.006
	.002
	.014
	.042

	
	3
	.010*
	.003
	.013
	.003
	.017

	
	4
	-.002
	.003
	.626
	-.009
	.006

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 21. Statistical analysis of peak knee internal rotation angle for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.117
	10.148
	5
	.077
	.514
	.658
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	141.124
	3
	47.041
	2.675
	.078
	.308

	
	Greenhouse-Geisser
	141.124
	1.542
	91.505
	2.675
	.128
	.308

	
	Huynh-Feldt
	141.124
	1.973
	71.522
	2.675
	.110
	.308

	
	Lower-bound
	141.124
	1.000
	141.124
	2.675
	.153
	.308

	Error(Condition)
	Sphericity Assumed
	316.538
	18
	17.585
	
	
	

	
	Greenhouse-Geisser
	316.538
	9.254
	34.207
	
	
	

	
	Huynh-Feldt
	316.538
	11.839
	26.737
	
	
	

	
	Lower-bound
	316.538
	6.000
	52.756
	
	
	


Table 22. Statistical analysis of peak knee internal rotation angle for golfers. 
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.327
	7.176
	9
	.631
	.660
	1.000
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	689.920
	4
	172.480
	13.925
	.000
	.635

	
	Greenhouse-Geisser
	689.920
	2.640
	261.351
	13.925
	.000
	.635

	
	Huynh-Feldt
	689.920
	4.000
	172.480
	13.925
	.000
	.635

	
	Lower-bound
	689.920
	1.000
	689.920
	13.925
	.006
	.635

	Error(Condition)
	Sphericity Assumed
	396.368
	32
	12.387
	
	
	

	
	Greenhouse-Geisser
	396.368
	21.119
	18.769
	
	
	

	
	Huynh-Feldt
	396.368
	32.000
	12.387
	
	
	

	
	Lower-bound
	396.368
	8.000
	49.546
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	5.826*
	2.266
	.033
	.600
	11.052

	
	3
	-3.082
	1.615
	.093
	-6.805
	.642

	
	4
	-5.856*
	1.473
	.004
	-9.253
	-2.458

	
	5
	-2.079
	1.595
	.229
	-5.759
	1.600

	2
	1
	-5.826*
	2.266
	.033
	-11.052
	-.600

	
	3
	-8.907*
	2.249
	.004
	-14.094
	-3.721

	
	4
	-11.681*
	1.660
	.000
	-15.509
	-7.854

	
	5
	-7.905*
	1.703
	.002
	-11.832
	-3.978

	3
	1
	3.082
	1.615
	.093
	-.642
	6.805

	
	2
	8.907*
	2.249
	.004
	3.721
	14.094

	
	4
	-2.774
	1.330
	.070
	-5.840
	.293

	
	5
	1.002
	1.354
	.480
	-2.119
	4.124

	4
	1
	5.856*
	1.473
	.004
	2.458
	9.253

	
	2
	11.681*
	1.660
	.000
	7.854
	15.509

	
	3
	2.774
	1.330
	.070
	-.293
	5.840

	
	5
	3.776*
	.867
	.002
	1.777
	5.775

	5
	1
	2.079
	1.595
	.229
	-1.600
	5.759

	
	2
	7.905*
	1.703
	.002
	3.978
	11.832

	
	3
	-1.002
	1.354
	.480
	-4.124
	2.119

	
	4
	-3.776*
	.867
	.002
	-5.775
	-1.777

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 23. Statistical analysis of peak knee external rotation angle for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.022
	17.983
	5
	.004
	.376
	.403
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	123.102
	3
	41.034
	1.778
	.187
	.229

	
	Greenhouse-Geisser
	123.102
	1.128
	109.161
	1.778
	.229
	.229

	
	Huynh-Feldt
	123.102
	1.210
	101.763
	1.778
	.228
	.229

	
	Lower-bound
	123.102
	1.000
	123.102
	1.778
	.231
	.229

	Error(Condition)
	Sphericity Assumed
	415.485
	18
	23.083
	
	
	

	
	Greenhouse-Geisser
	415.485
	6.766
	61.405
	
	
	

	
	Huynh-Feldt
	415.485
	7.258
	57.244
	
	
	

	
	Lower-bound
	415.485
	6.000
	69.248
	
	
	


Table 24. Statistical analysis of peak knee external rotation angle for golfers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.043
	20.199
	9
	.020
	.546
	.758
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	1690.342
	4
	422.586
	42.455
	.000
	.841

	
	Greenhouse-Geisser
	1690.342
	2.183
	774.433
	42.455
	.000
	.841

	
	Huynh-Feldt
	1690.342
	3.033
	557.309
	42.455
	.000
	.841

	
	Lower-bound
	1690.342
	1.000
	1690.342
	42.455
	.000
	.841

	Error(Condition)
	Sphericity Assumed
	318.522
	32
	9.954
	
	
	

	
	Greenhouse-Geisser
	318.522
	17.461
	18.241
	
	
	

	
	Huynh-Feldt
	318.522
	24.264
	13.127
	
	
	

	
	Lower-bound
	318.522
	8.000
	39.815
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-3.382
	2.122
	.150
	-8.275
	1.512

	
	3
	10.562*
	1.657
	.000
	6.742
	14.383

	
	4
	10.360*
	2.008
	.001
	5.730
	14.991

	
	5
	10.943*
	1.749
	.000
	6.910
	14.975

	2
	1
	3.382
	2.122
	.150
	-1.512
	8.275

	
	3
	13.944*
	1.331
	.000
	10.875
	17.013

	
	4
	13.742*
	1.564
	.000
	10.135
	17.349

	
	5
	14.324*
	1.482
	.000
	10.908
	17.741

	3
	1
	-10.562*
	1.657
	.000
	-14.383
	-6.742

	
	2
	-13.944*
	1.331
	.000
	-17.013
	-10.875

	
	4
	-.202
	.719
	.786
	-1.860
	1.456

	
	5
	.380
	.770
	.634
	-1.395
	2.156

	4
	1
	-10.360*
	2.008
	.001
	-14.991
	-5.730

	
	2
	-13.742*
	1.564
	.000
	-17.349
	-10.135

	
	3
	.202
	.719
	.786
	-1.456
	1.860

	
	5
	.582
	.509
	.286
	-.592
	1.757

	5
	1
	-10.943*
	1.749
	.000
	-14.975
	-6.910

	
	2
	-14.324*
	1.482
	.000
	-17.741
	-10.908

	
	3
	-.380
	.770
	.634
	-2.156
	1.395

	
	4
	-.582
	.509
	.286
	-1.757
	.592

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 25. Statistical analysis of peak vertical ground reaction force for bowlers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.146
	9.099
	5
	.112
	.675
	1.000
	.333

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	.174
	3
	.058
	8.888
	.001
	.597

	
	Greenhouse-Geisser
	.174
	2.024
	.086
	8.888
	.004
	.597

	
	Huynh-Feldt
	.174
	3.000
	.058
	8.888
	.001
	.597

	
	Lower-bound
	.174
	1.000
	.174
	8.888
	.025
	.597

	Error(Condition)
	Sphericity Assumed
	.117
	18
	.007
	
	
	

	
	Greenhouse-Geisser
	.117
	12.142
	.010
	
	
	

	
	Huynh-Feldt
	.117
	18.000
	.007
	
	
	

	
	Lower-bound
	.117
	6.000
	.020
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	.168*
	.040
	.005
	.071
	.265

	
	3
	.179*
	.047
	.009
	.065
	.294

	
	4
	.036
	.057
	.546
	-.102
	.175

	2
	1
	-.168*
	.040
	.005
	-.265
	-.071

	
	3
	.011
	.019
	.571
	-.035
	.057

	
	4
	-.132*
	.037
	.012
	-.222
	-.041

	3
	1
	-.179*
	.047
	.009
	-.294
	-.065

	
	2
	-.011
	.019
	.571
	-.057
	.035

	
	4
	-.143*
	.050
	.029
	-.265
	-.021

	4
	1
	-.036
	.057
	.546
	-.175
	.102

	
	2
	.132*
	.037
	.012
	.041
	.222

	
	3
	.143*
	.050
	.029
	.021
	.265

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table 26. Statistical analysis of peak vertical ground reaction force for golfers.
	Mauchly's Test of Sphericitya

	Measure: MEASURE_1

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilonb

	
	
	
	
	
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	Condition
	.040
	20.613
	9
	.017
	.440
	.554
	.250

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

	a. Design: Intercept 

 Within Subjects Design: Condition

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.


	Tests of Within-Subjects Effects

	Measure: MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Condition
	Sphericity Assumed
	.882
	4
	.221
	30.460
	.000
	.792

	
	Greenhouse-Geisser
	.882
	1.758
	.502
	30.460
	.000
	.792

	
	Huynh-Feldt
	.882
	2.215
	.398
	30.460
	.000
	.792

	
	Lower-bound
	.882
	1.000
	.882
	30.460
	.001
	.792

	Error(Condition)
	Sphericity Assumed
	.232
	32
	.007
	
	
	

	
	Greenhouse-Geisser
	.232
	14.066
	.016
	
	
	

	
	Huynh-Feldt
	.232
	17.718
	.013
	
	
	

	
	Lower-bound
	.232
	8.000
	.029
	
	
	


	Pairwise Comparisons

	Measure: MEASURE_1

	(I) Condition
	(J) Condition
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval for Differenceb

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-.239*
	.044
	.001
	-.340
	-.137

	
	3
	-.311*
	.014
	.000
	-.344
	-.279

	
	4
	-.263*
	.023
	.000
	-.316
	-.211

	
	5
	-.427*
	.032
	.000
	-.501
	-.354

	2
	1
	.239*
	.044
	.001
	.137
	.340

	
	3
	-.073
	.043
	.131
	-.172
	.027

	
	4
	-.024
	.048
	.623
	-.135
	.086

	
	5
	-.188*
	.068
	.024
	-.345
	-.032

	3
	1
	.311*
	.014
	.000
	.279
	.344

	
	2
	.073
	.043
	.131
	-.027
	.172

	
	4
	.048
	.023
	.066
	-.004
	.100

	
	5
	-.116*
	.040
	.021
	-.209
	-.023

	4
	1
	.263*
	.023
	.000
	.211
	.316

	
	2
	.024
	.048
	.623
	-.086
	.135

	
	3
	-.048
	.023
	.066
	-.100
	.004

	
	5
	-.164*
	.039
	.003
	-.254
	-.074

	5
	1
	.427*
	.032
	.000
	.354
	.501

	
	2
	.188*
	.068
	.024
	.032
	.345

	
	3
	.116*
	.040
	.021
	.023
	.209

	
	4
	.164*
	.039
	.003
	.074
	.254

	Based on estimated marginal means

	*. The mean difference is significant at the .05 level.

	b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Golf Trail Knee

Walk
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Stair Descent

Stance (%)

Knee Moment (Nm/(BW*Ht))
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				Left Knee Moment		Left Knee Moment		Left Knee Moment		Left Knee Moment		Left Knee Moment

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		X		X		X		X		X				BW		Ht

		1		-25.639521		-29.194004		-30.111095		-21.652031		-26.464619		-26.612254		1004		1.8		-0.0147256828

		2		-26.611502		-29.819342		-31.331457		-22.560637		-28.242207		-27.713029		1004		1.8		-0.0153347881

		3		-27.539183		-30.618406		-32.51067		-23.527294		-30.100254		-28.8591614		1004		1.8		-0.0159689915

		4		-28.315229		-31.56266		-33.749638		-24.632826		-32.07959		-30.0679886		1004		1.8		-0.0166378866

		5		-28.979933		-32.515629		-35.063137		-25.915569		-33.978745		-31.2906026		1004		1.8		-0.0173144105

		6		-29.629486		-33.432587		-36.348915		-27.342499		-35.635357		-32.4777688		1004		1.8		-0.0179713196

		7		-30.285322		-34.274467		-37.594631		-28.828253		-37.041656		-33.6048658		1004		1.8		-0.0185949899

		8		-30.929308		-34.982269		-38.699017		-30.296822		-38.238617		-34.6292066		1004		1.8		-0.0191618009

		9		-31.51474		-35.677292		-39.549961		-31.688675		-39.292679		-35.5446694		1004		1.8		-0.0196683651

		10		-32.017403		-36.387688		-40.134834		-32.8978		-40.279926		-36.3435302		1004		1.8		-0.0201104085

		11		-32.467453		-37.083462		-40.531803		-33.866898		-41.156937		-37.0213106		1004		1.8		-0.020485453

		12		-32.907768		-37.753059		-40.71418		-34.658039		-41.784649		-37.563539		1004		1.8		-0.0207854908

		13		-33.277504		-38.349964		-40.59174		-35.309921		-42.089943		-37.9238144		1004		1.8		-0.0209848464

		14		-33.490269		-38.796623		-40.177124		-35.807961		-42.094254		-38.0732462		1004		1.8		-0.0210675333

		15		-33.520351		-39.036442		-39.478928		-36.096031		-41.841831		-37.9947166		1004		1.8		-0.0210240796

		16		-33.414543		-39.014866		-38.403839		-36.111774		-41.387318		-37.666468		1004		1.8		-0.0208424458

		17		-33.19838		-38.623058		-36.935802		-35.831303		-40.766724		-37.0710534		1004		1.8		-0.0205129778

		18		-32.829094		-37.89748		-35.228371		-35.343502		-39.95649		-36.2509874		1004		1.8		-0.0200592006

		19		-32.22139		-36.976711		-33.378281		-34.712254		-38.911488		-35.2400248		1004		1.8		-0.0194997924

		20		-31.317677		-35.897743		-31.424917		-33.894123		-37.657452		-34.0383824		1004		1.8		-0.018834873

		21		-30.147175		-34.643246		-29.345299		-32.959827		-36.225006		-32.6641106		1004		1.8		-0.0180744304

		22		-28.743559		-33.251301		-27.123568		-31.970522		-34.685047		-31.1547994		1004		1.8		-0.0172392648

		23		-27.080841		-31.693224		-24.845144		-30.772913		-33.00642		-29.4797084		1004		1.8		-0.0163123663

		24		-25.148468		-29.960999		-22.629385		-29.3895		-31.237782		-27.6732268		1004		1.8		-0.0153127638

		25		-22.993301		-27.97056		-20.596674		-27.872131		-29.327616		-25.7520564		1004		1.8		-0.0142496992

		26		-20.73262		-25.789131		-18.726942		-26.168251		-27.176357		-23.7186602		1004		1.8		-0.0131245353

		27		-18.378529		-23.652636		-16.951752		-24.324471		-24.865664		-21.6346104		1004		1.8		-0.0119713426

		28		-15.977514		-21.533249		-15.291388		-22.25433		-22.472811		-19.5058584		1004		1.8		-0.0107934143

		29		-13.551558		-19.498316		-13.694088		-19.940533		-20.058083		-17.3485156		1004		1.8		-0.0095996656

		30		-11.142531		-17.71257		-12.097763		-17.556139		-17.558098		-15.2134202		1004		1.8		-0.0084182272

		31		-8.877041		-16.251293		-10.483207		-15.120728		-15.00937		-13.1483278		1004		1.8		-0.0072755245

		32		-6.863055		-14.993169		-8.918148		-12.770922		-12.562284		-11.2215156		1004		1.8		-0.006209338

		33		-5.213202		-13.763954		-7.403894		-10.646164		-10.258157		-9.4570742		1004		1.8		-0.0052329981

		34		-3.924637		-12.587756		-5.837488		-8.747953		-8.044158		-7.8283984		1004		1.8		-0.0043317831

		35		-2.862021		-11.496956		-4.315504		-7.091299		-5.933168		-6.3397896		1004		1.8		-0.003508073

		36		-1.938969		-10.331212		-3.035847		-5.734826		-4.062563		-5.0206834		1004		1.8		-0.0027781559

		37		-1.177647		-9.039291		-1.972754		-4.584507		-2.510488		-3.8569374		1004		1.8		-0.0021342062

		38		-0.570552		-7.725107		-1.108422		-3.447628		-1.170199		-2.8043816		1004		1.8		-0.0015517826

		39		-0.101846		-6.473602		-0.428616		-2.273861		0.113079		-1.8329692		1004		1.8		-0.0010142592

		40		0.289912		-5.271911		0.17313		-0.983078		1.309728		-0.8964438		1004		1.8		-0.0004960402

		41		0.662758		-4.072974		0.805649		0.325827		2.294578		0.0031676		1004		1.8		0.0000017528

		42		0.961052		-2.910606		1.404437		1.405187		3.027398		0.7774936		1004		1.8		0.00043022

		43		1.142284		-1.85142		1.876027		2.32728		3.641831		1.4272004		1004		1.8		0.0007897302

		44		1.223253		-0.972952		2.216027		3.096874		4.208541		1.9543486		1004		1.8		0.0010814235

		45		1.283968		-0.324059		2.425209		3.690571		4.672285		2.3495948		1004		1.8		0.0013001299

		46		1.52136		0.129164		2.550963		4.176548		5.004454		2.6764978		1004		1.8		0.0014810191

		47		1.946144		0.52046		2.723693		4.630691		5.220025		3.0082026		1004		1.8		0.0016645654

		48		2.48728		0.901822		3.096733		5.07826		5.295048		3.3718286		1004		1.8		0.001865775

		49		3.124776		1.305817		3.609249		5.400838		5.143679		3.7168718		1004		1.8		0.002056702

		50		3.940742		1.72657		4.138874		5.517297		4.833733		4.0314432		1004		1.8		0.0022307676

		51		5.084804		2.161739		4.698768		5.519632		4.562014		4.4053914		1004		1.8		0.0024376889

		52		6.648825		2.691745		5.374204		5.641423		4.46183		4.9636054		1004		1.8		0.0027465723

		53		8.671287		3.368374		6.234861		6.040051		4.583065		5.7795276		1004		1.8		0.0031980564

		54		11.159573		4.236595		7.306489		6.841889		4.95075		6.8990592		1004		1.8		0.0038175405

		55		14.200689		5.437713		8.665138		8.096268		5.565603		8.3930822		1004		1.8		0.0046442465

		56		17.98497		7.031485		10.435496		9.732648		6.411228		10.3191654		1004		1.8		0.0057100295

		57		22.578106		9.068928		12.799007		11.722874		7.525776		12.7389382		1004		1.8		0.0070489919

		58		28.026409		11.670424		16.032185		14.080647		9.120852		15.7861034		1004		1.8		0.008735117

		59		34.33173		14.90709		20.366758		16.863766		11.293706		19.55261		1004		1.8		0.010819284

		60		41.414299		18.756731		25.913523		20.103777		14.018497		24.0413654		1004		1.8		0.0133031017

		61		49.036938		23.168926		32.640118		23.905293		17.26543		29.203341		1004		1.8		0.0161594406

		62		56.925659		28.140028		40.43285		28.412998		21.179605		35.018228		1004		1.8		0.0193770629

		63		65.042091		33.674503		49.326538		33.649773		25.922861		41.5231532		1004		1.8		0.0229765124

		64		73.413818		39.664726		59.256893		39.678032		31.483938		48.6994814		1004		1.8		0.0269474775

		65		82.168259		45.989136		70.066788		46.821735		37.832561		56.5756958		1004		1.8		0.0313057192

		66		91.721916		52.75563		81.786331		55.620396		45.071507		65.391156		1004		1.8		0.0361836853

		67		102.452721		60.167809		94.32048		66.324303		53.384914		75.3300454		1004		1.8		0.0416832921

		68		114.3908		68.400337		107.412514		78.831535		62.743999		86.355837		1004		1.8		0.0477843277

		69		126.97422		77.633163		120.710884		92.907707		73.187149		98.2826246		1004		1.8		0.0543839224

		70		139.358017		87.916		133.615616		107.871864		84.651955		110.6826904		1004		1.8		0.0612454019

		71		150.342438		99.124695		145.384384		122.748383		96.706833		122.8613466		1004		1.8		0.0679843662

		72		158.458328		110.927437		154.912003		136.583511		108.77494		133.9312438		1004		1.8		0.0741098073

		73		162.319702		122.774048		160.820496		148.276779		120.036758		142.8455566		1004		1.8		0.0790424727

		74		161.117142		134.077042		161.955093		156.69223		129.279022		148.6241058		1004		1.8		0.0822399877

		75		155.09108		143.930817		157.871429		160.641861		135.30722		150.5684814		1004		1.8		0.0833158928

		76		145.898956		151.09729		149.09021		159.343185		137.113022		148.5085326		1004		1.8		0.0821760362

		77		135.887878		154.356705		137.469162		153.30191		134.216599		143.0464508		1004		1.8		0.0791536359

		78		126.686981		152.89357		125.419563		144.643692		127.16787		135.3623352		1004		1.8		0.0749016906

		79		118.472534		146.997055		114.677094		135.906036		117.775253		126.7655944		1004		1.8		0.0701447512

		80		110.727791		138.200012		105.600937		128.473877		108.448105		118.2901444		1004		1.8		0.0654549272

		81		103.287529		128.570129		97.882851		122.199455		100.734627		110.5349182		1004		1.8		0.0611636334

		82		96.664429		119.620811		91.244194		116.600365		94.642197		103.7543992		1004		1.8		0.0574116861

		83		91.969994		111.835953		85.807655		111.750961		89.503937		98.1737		1004		1.8		0.0543236498

		84		90.163361		105.137177		82.210213		108.171844		85.003136		94.1371462		1004		1.8		0.0520900543

		85		91.001495		99.422836		81.030243		106.782707		81.353203		91.9180968		1004		1.8		0.0508621607

		86		93.712662		94.681458		82.154198		108.098961		79.274254		91.5843066		1004		1.8		0.0506774605

		87		97.683723		91.156509		85.063614		111.483177		79.280045		92.9334136		1004		1.8		0.0514239783

		88		101.942474		89.304031		88.970436		115.567848		81.381531		95.433264		1004		1.8		0.052807251

		89		104.877151		89.308014		92.764732		119.051697		85.129532		98.2262252		1004		1.8		0.0543527143

		90		105.206955		90.688637		95.228348		120.86454		89.758644		100.3494248		1004		1.8		0.0555275702

		91		102.729134		92.61364		95.647667		120.383347		94.188118		101.1123812		1004		1.8		0.0559497461

		92		97.96946		94.05674		93.955528		117.727051		97.206993		100.1831544		1004		1.8		0.0554355657

		93		91.736183		94.112595		90.79985		113.176537		98.070152		97.5790634		1004		1.8		0.0539946123

		94		84.509758		92.754074		87.126366		107.366562		96.874168		93.7261856		1004		1.8		0.0518626525

		95		76.610008		90.449432		83.330566		100.961716		93.961853		89.062715		1004		1.8		0.0492821575

		96		68.537239		87.583374		79.471634		94.057198		89.744675		83.878824		1004		1.8		0.0464136919

		97		60.584248		84.403862		75.737534		86.998817		84.909943		78.5268808		1004		1.8		0.0434522359

		98		53.025539		81.277916		72.384987		80.645599		80.071815		73.4811712		1004		1.8		0.040660232

		99		46.36924		78.588692		69.630333		75.389824		75.470573		69.0897324		1004		1.8		0.0382302636

		100		41.046898		76.446884		67.510246		71.079391		71.152969		65.4472776		1004		1.8		0.0362147397

		101		37.03212		74.614983		65.705795		67.272408		67.348274		62.394716		1004		1.8		0.0345256286





Trail Golf

				L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\Golf\Trial22.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\Golf\Trial23.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\Golf\Trial24.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\Golf\Trial25.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\Golf\Trial27.c3d

				Right Knee Moment		Right Knee Moment		Right Knee Moment		Right Knee Moment		Right Knee Moment

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		X		X		X		X		X				BW		Ht

		1		-3.940418		-4.150865		-8.658335		3.949653		-7.644248		-4.0888426		1004		1.8		-0.0022625291

		2		-2.781586		-3.700547		-7.472041		4.255349		-7.134147		-3.3665944		1004		1.8		-0.0018628787

		3		-1.344873		-3.155697		-6.228611		4.845266		-6.281819		-2.4331468		1004		1.8		-0.0013463628

		4		0.25916		-2.481901		-5.05883		5.774294		-5.039285		-1.3093124		1004		1.8		-0.0007244978

		5		2.00075		-1.656006		-4.050051		7.026528		-3.459944		-0.0277446		1004		1.8		-0.0000153523

		6		3.824666		-0.655903		-3.22878		8.628667		-1.667256		1.3802788		1004		1.8		0.0007637665

		7		5.625368		0.489712		-2.662592		10.57881		0.238385		2.8539366		1004		1.8		0.0015792035

		8		7.23796		1.724247		-2.408928		12.775023		2.099279		4.2855162		1004		1.8		0.0023713569

		9		8.519751		2.944985		-2.44986		14.971745		3.670137		5.5313516		1004		1.8		0.0030607302

		10		9.369952		3.979199		-2.756263		16.977734		4.820845		6.4782934		1004		1.8		0.003584713

		11		9.719459		4.711059		-3.286103		18.799269		5.574118		7.1035604		1004		1.8		0.0039306996

		12		9.555356		5.111845		-4.095252		20.344358		5.898138		7.362889		1004		1.8		0.0040741971

		13		8.921504		5.125534		-5.253346		21.456367		5.704906		7.190993		1004		1.8		0.0039790798

		14		7.86379		4.757118		-6.735997		22.120077		5.054328		6.6118632		1004		1.8		0.0036586228

		15		6.431313		4.075023		-8.599058		22.360235		4.064898		5.6664822		1004		1.8		0.0031355037

		16		4.667592		3.174727		-10.976923		22.112036		2.793708		4.354228		1004		1.8		0.002409378

		17		2.635914		2.080141		-13.794385		21.406752		1.200161		2.7057166		1004		1.8		0.0014971871

		18		0.374465		0.800325		-16.940945		20.24917		-0.740414		0.7485202		1004		1.8		0.0004141878

		19		-2.088212		-0.655801		-20.395479		18.595821		-3.056288		-1.5199918		1004		1.8		-0.0008410756

		20		-4.720723		-2.297627		-24.062944		16.447142		-5.789276		-4.0846856		1004		1.8		-0.0022602289

		21		-7.490159		-4.156214		-27.740072		13.849558		-8.906775		-6.8887324		1004		1.8		-0.0038118263

		22		-10.343413		-6.264722		-31.332388		10.918251		-12.319194		-9.8682932		1004		1.8		-0.0054605429

		23		-13.190347		-8.660507		-34.889584		7.746799		-15.913117		-12.9813512		1004		1.8		-0.0071831293

		24		-15.908878		-11.327356		-38.4216		4.380183		-19.597357		-16.1750016		1004		1.8		-0.0089503108

		25		-18.451765		-14.182538		-41.825661		0.879584		-23.234604		-19.3629968		1004		1.8		-0.010714363

		26		-20.848228		-17.156559		-45.018978		-2.624956		-26.642488		-22.4582418		1004		1.8		-0.0124270926

		27		-23.129198		-20.231047		-47.947487		-6.07798		-29.716574		-25.4204572		1004		1.8		-0.0140662114

		28		-25.327486		-23.419748		-50.613205		-9.433105		-32.487396		-28.256188		1004		1.8		-0.0156353409

		29		-27.408861		-26.671082		-53.009514		-12.618857		-35.054787		-30.9526202		1004		1.8		-0.0171273905

		30		-29.350847		-29.800774		-55.121811		-15.571728		-37.444588		-33.4579496		1004		1.8		-0.018513695

		31		-31.080694		-32.684792		-56.947319		-18.309622		-39.669353		-35.738356		1004		1.8		-0.0197755401

		32		-32.501972		-35.260464		-58.507938		-20.850489		-41.739784		-37.7721294		1004		1.8		-0.0209009127

		33		-33.61515		-37.449081		-59.815437		-23.132914		-43.649258		-39.532368		1004		1.8		-0.021874927

		34		-34.43782		-39.191219		-60.795609		-25.115091		-45.306259		-40.9691996		1004		1.8		-0.0226699865

		35		-34.942299		-40.441139		-61.297379		-26.763409		-46.623432		-42.0135316		1004		1.8		-0.0232478595

		36		-35.171749		-41.200474		-61.294521		-28.044783		-47.556011		-42.6535076		1004		1.8		-0.0236019852

		37		-35.296047		-41.547421		-60.927639		-28.945086		-48.145313		-42.9723012		1004		1.8		-0.0237783871

		38		-35.479477		-41.548336		-60.344269		-29.433872		-48.437534		-43.0486976		1004		1.8		-0.0238206605

		39		-35.808071		-41.23698		-59.67067		-29.506359		-48.457329		-42.9358818		1004		1.8		-0.0237582347

		40		-36.294201		-40.665924		-59.016735		-29.170504		-48.174122		-42.6642972		1004		1.8		-0.0236079555

		41		-36.922607		-39.903412		-58.391998		-28.498232		-47.511486		-42.245547		1004		1.8		-0.0233762434

		42		-37.720276		-39.039734		-57.739822		-27.577848		-46.411453		-41.6978266		1004		1.8		-0.0230731666

		43		-38.624474		-38.155079		-57.027126		-26.501276		-44.902748		-41.0421406		1004		1.8		-0.0227103478

		44		-39.492783		-37.304295		-56.198235		-25.404947		-43.13269		-40.30659		1004		1.8		-0.0223033367

		45		-40.164429		-36.615788		-55.196407		-24.397335		-41.286701		-39.532132		1004		1.8		-0.0218747964

		46		-40.569225		-36.170647		-54.012497		-23.589472		-39.531284		-38.774625		1004		1.8		-0.0214556358

		47		-40.7467		-36.005135		-52.66647		-23.117357		-37.962921		-38.0997166		1004		1.8		-0.0210821805

		48		-40.783737		-36.103466		-51.147629		-23.081507		-36.648022		-37.5528722		1004		1.8		-0.0207795884

		49		-40.80167		-36.396339		-49.461983		-23.490419		-35.589409		-37.147964		1004		1.8		-0.0205555356

		50		-40.906334		-36.784309		-47.721863		-24.219208		-34.711666		-36.868676		1004		1.8		-0.0204009938

		51		-41.067875		-37.153004		-46.080498		-25.017189		-33.936302		-36.6509736		1004		1.8		-0.0202805299

		52		-41.167843		-37.519409		-44.749493		-25.69845		-33.321495		-36.491338		1004		1.8		-0.0201921968

		53		-41.122601		-37.932362		-43.870468		-26.232803		-32.928047		-36.4172562		1004		1.8		-0.0201512042

		54		-40.861614		-38.363052		-43.527668		-26.667927		-32.738308		-36.4317138		1004		1.8		-0.0201592042

		55		-40.404465		-38.836288		-43.712494		-27.113123		-32.757141		-36.5647022		1004		1.8		-0.0202327923

		56		-39.915779		-39.423466		-44.324646		-27.729237		-33.090164		-36.8966584		1004		1.8		-0.0204164776

		57		-39.612228		-40.185741		-45.336239		-28.697664		-33.903854		-37.5471452		1004		1.8		-0.0207764194

		58		-39.733856		-41.154415		-46.837605		-29.974833		-35.271759		-38.5944936		1004		1.8		-0.0213559615

		59		-40.464096		-42.321877		-48.893005		-31.552114		-37.224617		-40.0911418		1004		1.8		-0.0221841201

		60		-41.898804		-43.746864		-51.519012		-33.405499		-39.803543		-42.0747444		1004		1.8		-0.0232817311

		61		-44.112198		-45.404552		-54.590668		-35.605282		-42.959267		-44.5343934		1004		1.8		-0.0246427586

		62		-47.11116		-47.321163		-57.907032		-38.161789		-46.500648		-47.4003584		1004		1.8		-0.026228618

		63		-50.779438		-49.560467		-61.407055		-41.032028		-50.390327		-50.633863		1004		1.8		-0.0280178525

		64		-54.981701		-52.099934		-64.94928		-44.14959		-54.661621		-54.1684252		1004		1.8		-0.0299736749

		65		-59.517654		-54.863842		-68.260963		-47.518642		-59.180641		-57.8683484		1004		1.8		-0.0320209985

		66		-64.250336		-57.723404		-71.318192		-51.110752		-63.83033		-61.6466028		1004		1.8		-0.034111666

		67		-69.14576		-60.516327		-74.309662		-54.933205		-68.463882		-65.4737672		1004		1.8		-0.0362293975

		68		-74.031616		-63.176659		-77.346085		-58.934357		-72.920235		-69.2817904		1004		1.8		-0.0383365374

		69		-78.747948		-65.703293		-80.415916		-63.159721		-77.058235		-73.0170226		1004		1.8		-0.040403399

		70		-82.868195		-68.161522		-83.457008		-67.650864		-80.809486		-76.589415		1004		1.8		-0.0423801544

		71		-85.715569		-70.658333		-86.199478		-72.275925		-84.10746		-79.791353		1004		1.8		-0.0441519218

		72		-86.65271		-73.316849		-88.137512		-76.678741		-86.844681		-82.3260986		1004		1.8		-0.0455545034

		73		-85.29882		-76.127319		-88.653076		-80.037292		-88.846596		-83.7926206		1004		1.8		-0.0463659919

		74		-81.559319		-78.855225		-87.133804		-81.327003		-89.884293		-83.7519288		1004		1.8		-0.0463434754

		75		-75.453186		-80.958344		-83.128563		-79.841637		-89.422455		-81.760837		1004		1.8		-0.0452417203

		76		-67.099052		-81.7696		-76.550072		-75.344353		-86.850807		-77.5227768		1004		1.8		-0.0428966228

		77		-56.968121		-80.686043		-67.5215		-67.731155		-81.721489		-70.9256616		1004		1.8		-0.0392461607

		78		-45.403923		-77.28109		-56.21418		-57.530796		-73.928337		-62.0716652		1004		1.8		-0.034346871

		79		-32.549709		-71.655266		-42.948395		-45.714005		-63.865593		-51.3465936		1004		1.8		-0.0284122364

		80		-18.977255		-63.958645		-28.295204		-32.995121		-52.160526		-39.2773502		1004		1.8		-0.0217338149

		81		-5.406982		-54.352791		-13.004078		-19.809874		-39.291317		-26.3730084		1004		1.8		-0.0145932981

		82		7.634245		-43.050926		2.056594		-6.699767		-25.78495		-13.1689608		1004		1.8		-0.0072869416

		83		19.654249		-30.431034		16.063219		5.932386		-12.324969		-0.2212298		1004		1.8		-0.0001224158

		84		30.188034		-17.028873		28.220312		17.527857		0.395904		11.8606468		1004		1.8		0.0065629962

		85		38.989883		-3.489822		37.737198		27.154106		11.828551		22.4439832		1004		1.8		0.0124192027

		86		45.929043		9.272851		44.214451		34.145138		21.39465		30.9912266		1004		1.8		0.0171487531

		87		51.174534		20.242241		47.679447		38.394554		28.544018		37.2069588		1004		1.8		0.0205881799

		88		54.89727		28.65719		48.83213		40.438084		33.138863		41.1927074		1004		1.8		0.0227936628

		89		57.087086		34.19381		48.340057		41.366817		35.407963		43.2791466		1004		1.8		0.0239481776

		90		57.225853		36.838219		46.128452		41.100899		36.059746		43.4706338		1004		1.8		0.0240541356

		91		54.686413		37.275272		41.799744		39.316864		35.689411		41.7535408		1004		1.8		0.0231039956

		92		49.640369		36.656109		35.8769		35.439518		33.99139		38.3208572		1004		1.8		0.0212045469

		93		42.887943		35.319027		29.354441		29.580532		30.722191		33.5728268		1004		1.8		0.0185772614

		94		35.751221		33.038151		23.400772		23.058195		26.182201		28.286108		1004		1.8		0.0156518969

		95		29.118208		29.826084		18.72369		17.277489		20.869772		23.1630486		1004		1.8		0.012817092

		96		23.169527		26.191713		15.557577		13.549113		15.773626		18.8483112		1004		1.8		0.0104295657

		97		18.19227		22.60355		13.688231		13.250142		12.074693		15.9617772		1004		1.8		0.0088323247

		98		14.651801		19.427168		12.75246		-6.210945		-6.77133		6.7698308		1004		1.8		0.003746033

		99		12.238849		17.175461		12.381211		-5.126428		-4.420948		6.449629		1004		1.8		0.0035688518

		100		-4.287983		16.130831		12.220957		6.17131		-5.064584		5.0341062		1004		1.8		0.0027855833

		101		-5.00247		16.183456		12.011462		6.24788		-8.011318		4.285802		1004		1.8		0.0023715151
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				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		X		X		X		X		X				BW		Ht

		1		-7.585377		-6.607613		-6.39235		-5.830303		-9.059042		-7.094937		1004		1.8		-0.003925928

		2		-7.874211		-6.630135		-6.481003		-6.680848		-9.420088		-7.417257		1004		1.8		-0.0041042812

		3		-8.247419		-7.266174		-7.048612		-8.030508		-10.212363		-8.1610152		1004		1.8		-0.004515834

		4		-8.342195		-8.272662		-7.818932		-9.689905		-11.0356		-9.0318588		1004		1.8		-0.0049977085

		5		-7.720672		-9.262312		-8.370097		-11.286965		-11.324697		-9.5929486		1004		1.8		-0.0053081832

		6		-6.057142		-9.836493		-8.27599		-12.43566		-10.610785		-9.443214		1004		1.8		-0.0052253287

		7		-3.23308		-9.668521		-7.218568		-12.798917		-8.624348		-8.3086868		1004		1.8		-0.0045975469

		8		0.678923		-8.588278		-5.080451		-12.197582		-5.364288		-6.1103352		1004		1.8		-0.0033811062

		9		5.513955		-6.594318		-1.915926		-10.623005		-1.017892		-2.9274372		1004		1.8		-0.0016198745

		10		11.063925		-3.803082		2.094193		-8.200226		4.162749		1.0635118		1004		1.8		0.0005884859

		11		17.094194		-0.393846		6.706615		-5.123527		9.940887		5.6448646		1004		1.8		0.0031235417

		12		23.388302		3.433483		11.694563		-1.57372		16.09564		10.6076536		1004		1.8		0.0058696622

		13		29.80332		7.514809		16.909212		2.330184		22.421841		15.7958732		1004		1.8		0.008740523

		14		36.277748		11.749295		22.277868		6.484747		28.77383		21.1126976		1004		1.8		0.0116825463

		15		42.803036		16.110682		27.764513		10.803394		35.077614		26.5118478		1004		1.8		0.0146701238

		16		49.308804		20.624363		33.371864		15.268749		41.215515		31.957859		1004		1.8		0.0176836316

		17		55.601814		25.334766		39.147015		19.921572		46.995163		37.400066		1004		1.8		0.0206950343

		18		61.46661		30.241718		45.107319		24.766762		52.242336		42.764949		1004		1.8		0.0236636504

		19		66.737129		35.213886		51.136539		29.729179		56.847816		47.9329098		1004		1.8		0.0265233011

		20		71.267235		40.042953		57.012573		34.695236		60.712635		52.7461264		1004		1.8		0.0291866569

		21		74.903313		44.539215		62.486382		39.532436		63.711662		57.0346016		1004		1.8		0.0315596512

		22		77.527657		48.530056		67.327797		44.081371		65.738853		60.6411468		1004		1.8		0.0335553048

		23		79.089485		51.816017		71.325806		48.145363		66.756302		63.4265946		1004		1.8		0.0350966106

		24		79.583771		54.22044		74.28698		51.555534		66.790573		65.2874596		1004		1.8		0.0361263057

		25		79.034355		55.624874		76.067932		54.217735		65.891151		66.1672094		1004		1.8		0.0366131083

		26		77.48008		55.992954		76.615433		56.090118		64.127769		66.0612708		1004		1.8		0.036554488

		27		75.00219		55.356464		75.971306		57.15704		61.573437		65.0120874		1004		1.8		0.0359739306

		28		71.714172		53.786659		74.214714		57.428986		58.315067		63.0919196		1004		1.8		0.0349114208

		29		67.780533		51.36179		71.454185		56.946766		54.456738		60.4000024		1004		1.8		0.0334218694

		30		63.388695		48.176548		67.815086		55.770359		50.126404		57.0554184		1004		1.8		0.03157117

		31		58.656433		44.374706		63.461624		53.965664		45.474209		53.1865272		1004		1.8		0.0294303493

		32		53.654278		40.139656		58.55368		51.615173		40.640682		48.9206938		1004		1.8		0.0270698837

		33		48.451164		35.634544		53.225986		48.819553		35.736679		44.3735852		1004		1.8		0.0245537767

		34		43.12785		30.97509		47.626175		45.68277		30.860712		39.6545194		1004		1.8		0.0219425185

		35		37.772087		26.266443		41.896488		42.299507		26.095402		34.8659854		1004		1.8		0.0192928206

		36		32.463634		21.610769		36.148495		38.746517		21.496502		30.0931834		1004		1.8		0.0166518279

		37		27.285816		17.097416		30.471184		35.097713		17.099749		25.4103756		1004		1.8		0.0140606328

		38		22.333792		12.804301		24.969908		31.430302		12.931489		20.8939584		1004		1.8		0.0115615086

		39		17.666792		8.803095		19.761103		27.8069		9.018106		16.6111992		1004		1.8		0.0091916773

		40		13.310172		5.143323		14.927606		24.266735		5.386143		12.6067958		1004		1.8		0.006975872

		41		9.266417		1.826976		10.494665		20.842428		2.059104		8.897918		1004		1.8		0.0049235934

		42		5.556278		-1.175397		6.490152		17.576023		-0.945878		5.5002356		1004		1.8		0.0030435124

		43		2.196919		-3.880441		2.936401		14.507456		-3.621927		2.4276816		1004		1.8		0.0013433386

		44		-0.823832		-6.296426		-0.199694		11.65759		-5.980059		-0.3284842		1004		1.8		-0.0001817642

		45		-3.567909		-8.459583		-2.995471		9.023824		-8.051992		-2.8102262		1004		1.8		-0.0015550167

		46		-6.11375		-10.422518		-5.56115		6.581451		-9.875236		-5.0782406		1004		1.8		-0.0028100048

		47		-8.510926		-12.230377		-7.946046		4.29449		-11.493817		-7.1773352		1004		1.8		-0.0039715224

		48		-10.777408		-13.911613		-10.228013		2.12214		-12.938971		-9.146773		1004		1.8		-0.0050612954

		49		-12.917629		-15.481695		-12.472146		0.019152		-14.23921		-11.0183056		1004		1.8		-0.0060968933

		50		-14.938346		-16.930567		-14.675306		-2.064581		-15.412221		-12.8042042		1004		1.8		-0.0070851064

		51		-16.847095		-18.244028		-16.785851		-4.171188		-16.45347		-14.5003264		1004		1.8		-0.0080236423

		52		-18.65015		-19.409203		-18.752861		-6.298727		-17.333054		-16.088799		1004		1.8		-0.0089026112

		53		-20.353729		-20.408861		-20.561855		-8.42406		-18.015203		-17.5527416		1004		1.8		-0.0097126724

		54		-21.940809		-21.228733		-22.210718		-10.505921		-18.487707		-18.8747776		1004		1.8		-0.0104442107

		55		-23.361166		-21.861437		-23.682798		-12.481861		-18.76959		-20.0313704		1004		1.8		-0.0110842023

		56		-24.566025		-22.329098		-24.965631		-14.29514		-18.882124		-21.0076036		1004		1.8		-0.0116243933

		57		-25.545324		-22.686714		-26.092434		-15.923697		-18.818399		-21.8133136		1004		1.8		-0.0120702266

		58		-26.336956		-22.972218		-27.123219		-17.379358		-18.596237		-22.4815976		1004		1.8		-0.0124400164

		59		-26.989515		-23.232428		-28.038633		-18.686611		-18.297867		-23.0490108		1004		1.8		-0.01275399

		60		-27.549942		-23.544132		-28.777565		-19.859694		-18.060059		-23.5582784		1004		1.8		-0.0130357893

		61		-28.064486		-23.961821		-29.347107		-20.897324		-18.015076		-24.0571628		1004		1.8		-0.0133118431

		62		-28.526623		-24.455843		-29.837837		-21.824409		-18.223492		-24.5736408		1004		1.8		-0.0135976321

		63		-28.85268		-24.920561		-30.295485		-22.72345		-18.629927		-25.0844206		1004		1.8		-0.0138802681

		64		-28.922003		-25.248283		-30.659496		-23.653482		-19.05987		-25.5086268		1004		1.8		-0.0141149993

		65		-28.668499		-25.416735		-30.840904		-24.58359		-19.33956		-25.7698576		1004		1.8		-0.0142595494

		66		-28.144094		-25.481878		-30.83316		-25.44842		-19.45542		-25.8725944		1004		1.8		-0.014316398

		67		-27.447895		-25.481724		-30.678984		-26.224512		-19.527088		-25.8720406		1004		1.8		-0.0143160915

		68		-26.645227		-25.378971		-30.401283		-26.929165		-19.636702		-25.7982696		1004		1.8		-0.0142752709

		69		-25.759712		-25.093138		-29.978424		-27.569334		-19.748384		-25.6297984		1004		1.8		-0.0141820487

		70		-24.775536		-24.568523		-29.369125		-28.106955		-19.791624		-25.3223526		1004		1.8		-0.014011926

		71		-23.65086		-23.805532		-28.560656		-28.464169		-19.722515		-24.8407464		1004		1.8		-0.0137454329

		72		-22.341558		-22.843372		-27.551218		-28.565121		-19.515333		-24.1633204		1004		1.8		-0.0133705846

		73		-20.827154		-21.697018		-26.3242		-28.370605		-19.149189		-23.2736332		1004		1.8		-0.0128782831

		74		-19.126154		-20.37184		-24.861334		-27.876768		-18.594624		-22.166144		1004		1.8		-0.0122654626

		75		-17.270073		-18.851837		-23.167082		-27.076067		-17.789619		-20.8309356		1004		1.8		-0.0115266355

		76		-15.266521		-17.099178		-21.286171		-25.935192		-16.673199		-19.2520522		1004		1.8		-0.0106529727

		77		-13.094218		-15.089234		-19.266323		-24.419006		-15.226459		-17.419048		1004		1.8		-0.0096386941

		78		-10.719688		-12.835734		-17.116274		-22.526917		-13.449841		-15.3296908		1004		1.8		-0.0084825646

		79		-8.125446		-10.355238		-14.80784		-20.275021		-11.367615		-12.986232		1004		1.8		-0.00718583

		80		-5.312459		-7.653532		-12.296475		-17.664772		-8.995801		-10.3846078		1004		1.8		-0.0057462416

		81		-2.300446		-4.724627		-9.542924		-14.702348		-6.335567		-7.5211824		1004		1.8		-0.0041617875

		82		0.870413		-1.580324		-6.535403		-11.387394		-3.391567		-4.404855		1004		1.8		-0.0024373921

		83		4.140574		1.751253		-3.304778		-7.726407		-0.204633		-1.0687982		1004		1.8		-0.0005914111

		84		7.455339		5.247561		0.106795		-3.754261		3.151931		2.441473		1004		1.8		0.00135097

		85		10.74838		8.891132		3.661186		0.453073		6.593778		6.0695098		1004		1.8		0.0033585158

		86		13.902093		12.608624		7.301655		4.770981		10.012486		9.7191678		1004		1.8		0.0053780256

		87		16.759914		16.220772		10.911178		9.037724		13.258586		13.2376348		1004		1.8		0.0073249418

		88		19.147564		19.495756		14.309005		13.068965		16.160536		16.4363652		1004		1.8		0.0090949343

		89		20.911749		22.189405		17.275518		16.653345		18.545715		19.1151464		1004		1.8		0.0105772169

		90		21.930965		24.07967		19.602268		19.565052		20.24338		21.084267		1004		1.8		0.0116668144

		91		22.149979		25.03228		21.127069		21.61068		21.126146		22.2092308		1004		1.8		0.0122893043

		92		21.592093		25.019272		21.768497		22.640522		21.16441		22.4369588		1004		1.8		0.0124153158

		93		20.382158		24.092903		21.54792		22.576464		20.426458		21.8051806		1004		1.8		0.0120657263

		94		18.678751		22.390863		20.556955		21.489386		19.041061		20.4314032		1004		1.8		0.0113055573

		95		16.603197		20.121012		18.918333		19.601133		17.173147		18.4833644		1004		1.8		0.0102276253

		96		14.253092		17.493731		16.772305		17.194611		14.978387		16.1384252		1004		1.8		0.0089300715

		97		11.771117		14.719172		14.251963		14.510494		12.610744		13.572698		1004		1.8		0.0075103464

		98		9.372645		11.959064		11.511651		11.754128		10.254421		10.9703818		1004		1.8		0.0060703751

		99		7.24718		9.367317		8.792804		9.103307		8.080065		8.5181346		1004		1.8		0.0047134432

		100		5.497582		7.084721		6.357019		6.701365		6.203964		6.3689302		1004		1.8		0.0035241978

		101		4.140383		5.1799		4.329232		4.60588		4.634073		4.5778936		1004		1.8		0.0025331417





StrA

				L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\StrA\Trial04.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\StrA\Trial06.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\StrA\Trial08.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\StrA\Trial10.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_23\StrA\Trial12.c3d

				Right Knee Moment		Right Knee Moment		Right Knee Moment		Right Knee Moment		Right Knee Moment

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		X		X		X		X		X				BW		Ht

		1		-20.079422		-20.269699		-20.848722		-14.982559		-22.852764		-19.8066332		1004		1.8		-0.0109598457

		2		-17.510338		-17.039133		-17.822145		-12.504585		-19.65139		-16.9055182		1004		1.8		-0.0093545364

		3		-14.312442		-12.661686		-13.721839		-9.143605		-15.45882		-13.0596784		1004		1.8		-0.007226471

		4		-10.703695		-7.394554		-8.76878		-5.061852		-10.540575		-8.4938912		1004		1.8		-0.0047000283

		5		-6.799994		-1.44856		-3.226167		-0.305806		-5.010086		-3.3581226		1004		1.8		-0.0018581909

		6		-2.508448		5.218146		2.871028		5.230482		1.201985		2.4026386		1004		1.8		0.0013294813

		7		2.395369		12.79685		9.679843		11.79134		8.27079		8.9868384		1004		1.8		0.0049727968

		8		8.045684		21.453234		17.344927		19.567766		16.271156		16.5365534		1004		1.8		0.0091503726

		9		14.426185		31.147215		25.837975		28.551037		25.098114		25.0121052		1004		1.8		0.013840253

		10		21.459438		41.704422		35.024532		38.569904		34.567818		34.2652228		1004		1.8		0.0189603933

		11		29.003731		52.808266		44.671669		49.391491		44.413727		44.0577768		1004		1.8		0.0243790266

		12		36.927666		64.115402		54.489986		60.675816		54.390327		54.1198394		1004		1.8		0.0299467903

		13		45.111259		75.265038		64.160721		72.052521		64.221016		64.162111		1004		1.8		0.0355036028

		14		53.444527		85.866341		73.388634		83.138123		73.652		73.897925		1004		1.8		0.0408908394

		15		61.778606		95.624992		81.944809		93.641876		82.479248		83.0939062		1004		1.8		0.0459793638

		16		69.971092		104.291824		89.619728		103.292282		90.534927		91.5419706		1004		1.8		0.0506540342

		17		77.844765		111.730804		96.291245		111.858498		97.695984		99.0842592		1004		1.8		0.0548275007

		18		85.259193		117.848068		101.903168		119.187157		103.878654		105.615248		1004		1.8		0.0584413723

		19		92.078461		122.640694		106.456444		125.188187		109.08725		111.0902072		1004		1.8		0.0614708982

		20		98.196861		126.11441		110.016197		129.885895		113.360703		115.5148132		1004		1.8		0.0639192193

		21		103.550713		128.31575		112.708275		133.318237		116.7584		118.930275		1004		1.8		0.0658091384

		22		108.071686		129.321411		114.643013		135.616241		119.375153		121.4055008		1004		1.8		0.0671787853

		23		111.702415		129.256454		115.895561		136.880447		121.29348		123.0056714		1004		1.8		0.0680642272

		24		114.406761		128.228638		116.533508		137.243698		122.552864		123.7930938		1004		1.8		0.0684999412

		25		116.180939		126.353943		116.552284		136.767944		123.197006		123.8104232		1004		1.8		0.0685095303

		26		117.029892		123.7108		115.936584		135.503723		123.229355		123.0820708		1004		1.8		0.0681065022

		27		116.980591		120.384521		114.685165		133.468155		122.665604		121.6368072		1004		1.8		0.0673067769

		28		116.030586		116.48671		112.836456		130.6987		121.486183		119.507727		1004		1.8		0.066128667

		29		114.188324		112.105682		110.404251		127.270157		119.712616		116.736206		1004		1.8		0.0645950675

		30		111.488396		107.313721		107.412216		123.30397		117.318459		113.3673524		1004		1.8		0.0627309387

		31		108.000465		102.177124		103.89048		118.876869		114.300568		109.4491012		1004		1.8		0.060562805

		32		103.768913		96.78009		99.769279		114.064125		110.639168		105.004315		1004		1.8		0.0581033173

		33		98.879257		91.174583		95.029198		108.959816		106.361961		100.080963		1004		1.8		0.0553790189

		34		93.425568		85.43779		89.746262		103.609444		101.517433		94.7472994		1004		1.8		0.0524276778

		35		87.5233		79.645416		84.041634		98.09816		96.193825		89.100467		1004		1.8		0.0493030473

		36		81.290787		73.858078		78.013191		92.475212		90.489525		83.2253586		1004		1.8		0.0460521019

		37		74.837387		68.12841		71.797203		86.780769		84.486839		77.2061216		1004		1.8		0.0427214042

		38		68.269554		62.506821		65.478233		81.047073		78.255623		71.1114608		1004		1.8		0.0393489712

		39		61.689816		57.043404		59.117882		75.349129		71.889847		65.0180156		1004		1.8		0.0359772109

		40		55.22863		51.798687		52.793385		69.790962		65.473419		59.0170166		1004		1.8		0.032656605

		41		49.05357		46.809822		46.550644		64.457069		59.103035		53.194828		1004		1.8		0.0294349425

		42		43.259594		42.064098		40.43755		59.394802		52.871353		47.6054794		1004		1.8		0.0263421201

		43		37.854057		37.512482		34.469028		54.638798		46.834045		42.261682		1004		1.8		0.0233851715

		44		32.83371		33.122833		28.69352		50.181431		41.009346		37.168168		1004		1.8		0.0205667154

		45		28.233229		28.905228		23.158489		45.994728		35.444111		32.347157		1004		1.8		0.0178990466

		46		24.080664		24.885622		17.89535		42.086765		30.195644		27.828809		1004		1.8		0.015398854

		47		20.358526		21.123573		12.936151		38.462345		25.299631		23.6360452		1004		1.8		0.0130788209

		48		17.007368		17.624388		8.351043		35.120918		20.773514		19.7754462		1004		1.8		0.0109425886

		49		14.002876		14.408229		4.169671		32.040352		16.568647		16.237955		1004		1.8		0.0089851455

		50		11.316496		11.474481		0.410816		29.17181		12.642017		13.003124		1004		1.8		0.0071951771

		51		8.936341		8.815614		-3.004515		26.472225		8.977704		10.0394738		1004		1.8		0.0055552644

		52		6.850055		6.390247		-6.085945		23.916393		5.566041		7.3273582		1004		1.8		0.0040545364

		53		5.014748		4.1711		-8.866475		21.495731		2.383754		4.8397716		1004		1.8		0.0026780498

		54		3.379294		2.119727		-11.327359		19.190477		-0.587415		2.5549448		1004		1.8		0.0014137587

		55		1.891261		0.231523		-13.504007		17.014046		-3.354094		0.4557458		1004		1.8		0.0002521834

		56		0.53723		-1.510437		-15.440855		14.96535		-5.917976		-1.4733376		1004		1.8		-0.0008152598

		57		-0.703802		-3.129717		-17.188253		13.047391		-8.30312		-3.2555002		1004		1.8		-0.0018014056

		58		-1.836383		-4.653099		-18.780287		11.235205		-10.536966		-4.914306		1004		1.8		-0.0027192928

		59		-2.843315		-6.102873		-20.215368		9.527728		-12.613521		-6.4494698		1004		1.8		-0.0035687637

		60		-3.711983		-7.476128		-21.491684		7.922587		-14.53392		-7.8582256		1004		1.8		-0.0043482877

		61		-4.455972		-8.773255		-22.603741		6.441316		-16.293024		-9.1369352		1004		1.8		-0.0050558517

		62		-5.107214		-9.990977		-23.532633		5.091258		-17.889416		-10.2857964		1004		1.8		-0.0056915651

		63		-5.683182		-11.111633		-24.256838		3.856849		-19.330801		-11.305121		1004		1.8		-0.0062556004

		64		-6.186301		-12.125634		-24.728508		2.710617		-20.617157		-12.1893966		1004		1.8		-0.0067449074

		65		-6.625901		-13.004418		-24.927654		1.628287		-21.745256		-12.9349884		1004		1.8		-0.0071574748

		66		-7.029667		-13.748002		-24.856989		0.591646		-22.699556		-13.5485136		1004		1.8		-0.0074969641

		67		-7.424726		-14.367873		-24.551466		-0.406397		-23.467402		-14.0435728		1004		1.8		-0.0077709013

		68		-7.826487		-14.888595		-24.03965		-1.358899		-24.060106		-14.4347474		1004		1.8		-0.0079873547

		69		-8.264981		-15.342374		-23.366526		-2.258217		-24.485821		-14.7435838		1004		1.8		-0.0081582469

		70		-8.764788		-15.769848		-22.565577		-3.111927		-24.762363		-14.9949006		1004		1.8		-0.0082973111

		71		-9.365866		-16.234169		-21.720156		-3.959792		-24.861254		-15.2282474		1004		1.8		-0.0084264317

		72		-10.140648		-16.770462		-20.91452		-4.852951		-24.811974		-15.498111		1004		1.8		-0.0085757586

		73		-11.197576		-17.416574		-20.255266		-5.858197		-24.624224		-15.8703674		1004		1.8		-0.0087817438

		74		-12.624449		-18.21035		-19.828306		-7.02754		-24.358461		-16.4098212		1004		1.8		-0.0090802463

		75		-14.474766		-19.189814		-19.723629		-8.431338		-24.048254		-17.1735602		1004		1.8		-0.0095028554

		76		-16.725037		-20.372324		-20.001875		-10.139712		-23.712713		-18.1903322		1004		1.8		-0.0100654782

		77		-19.297644		-21.760372		-20.666409		-12.186703		-23.334372		-19.4491		1004		1.8		-0.0107620075

		78		-22.070448		-23.339149		-21.657812		-14.539275		-22.92598		-20.9065328		1004		1.8		-0.0115684666

		79		-24.917486		-25.004644		-22.914312		-17.128759		-22.497313		-22.4925028		1004		1.8		-0.0124460507

		80		-27.703821		-26.613747		-24.352236		-19.842365		-22.058756		-24.114185		1004		1.8		-0.0133433959

		81		-30.244558		-28.014919		-25.829487		-22.541134		-21.589691		-25.6439578		1004		1.8		-0.0141898837

		82		-32.395943		-29.0786		-27.169081		-25.058552		-21.07457		-26.9553492		1004		1.8		-0.0149155319

		83		-34.05706		-29.729828		-28.235407		-27.249763		-20.463186		-27.9470488		1004		1.8		-0.0154642811

		84		-35.153496		-29.912336		-28.934324		-29.014818		-19.73707		-28.5504088		1004		1.8		-0.0157981456

		85		-35.624039		-29.606905		-29.217314		-30.257063		-18.923584		-28.725781		1004		1.8		-0.0158951865

		86		-35.398979		-28.827267		-29.049412		-30.932224		-18.039658		-28.449508		1004		1.8		-0.015742313

		87		-34.435127		-27.636927		-28.400711		-31.007317		-17.106693		-27.717355		1004		1.8		-0.0153371818

		88		-32.739365		-26.119091		-27.303505		-30.491182		-16.128023		-26.5562332		1004		1.8		-0.0146946842

		89		-30.433746		-24.378057		-25.866749		-29.446112		-15.125836		-25.0501		1004		1.8		-0.0138612771

		90		-27.742224		-22.484377		-24.185215		-27.96748		-14.125576		-23.3009744		1004		1.8		-0.0128934121

		91		-24.955641		-20.51569		-22.361816		-26.16156		-13.185442		-21.4360298		1004		1.8		-0.0118614596

		92		-22.312485		-18.55266		-20.522827		-24.147015		-12.365331		-19.5800636		1004		1.8		-0.0108344752

		93		-19.981913		-16.753077		-18.811277		-22.111294		-11.708172		-17.8731466		1004		1.8		-0.009889966

		94		-18.108068		-15.300766		-17.348127		-20.2551		-11.270366		-16.4564854		1004		1.8		-0.0091060676

		95		-16.820366		-14.30929		-16.273514		-18.786947		-11.090541		-15.4561316		1004		1.8		-0.0085525297

		96		-16.151091		-13.838575		-15.65375		-17.852287		-11.221969		-14.9435344		1004		1.8		-0.008268888

		97		-16.005024		-13.848805		-15.51709		-17.539728		-11.660516		-14.9142326		1004		1.8		-0.0082526741

		98		-16.259085		-14.28935		-15.787453		-17.810585		-12.361821		-15.3016588		1004		1.8		-0.0084670533

		99		-16.799578		-15.065822		-16.320286		-18.51524		-13.237958		-15.9877768		1004		1.8		-0.0088467114

		100		-17.459959		-15.99792		-16.956062		-19.396826		-14.178421		-16.7978376		1004		1.8		-0.0092949522

		101		-18.08205		-16.854235		-17.505581		-20.177118		-15.062302		-17.5362572		1004		1.8		-0.0097035509
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		ITEM		X		X		X		X		X				BW		Ht

		1		-0.778421		-3.401783		-4.232231		-2.081484		-4.719858		-3.0427554		1004		1.8		-0.0016836849

		2		-1.643703		-3.763945		-4.440249		-2.623036		-5.731739		-3.6405344		1004		1.8		-0.0020144613

		3		-2.466146		-4.118741		-4.529973		-3.105288		-6.807617		-4.205553		1004		1.8		-0.0023271099

		4		-3.165648		-4.411042		-4.403137		-3.428851		-7.701757		-4.622087		1004		1.8		-0.0025575957

		5		-3.734937		-4.509961		-3.925505		-3.521492		-8.247947		-4.7879684		1004		1.8		-0.0026493849

		6		-4.176409		-4.334416		-3.043073		-3.330087		-8.291437		-4.6350844		1004		1.8		-0.0025647877

		7		-4.521579		-3.854666		-1.765539		-2.803893		-7.774115		-4.1439584		1004		1.8		-0.002293027

		8		-4.792225		-3.046001		-0.096875		-1.867382		-6.640816		-3.2886598		1004		1.8		-0.0018197542

		9		-4.942255		-1.909027		2.059524		-0.361697		-4.837533		-1.9981976		1004		1.8		-0.001105687

		10		-4.887168		-0.410571		4.862228		1.882229		-2.239291		-0.1585146		1004		1.8		-0.0000877128

		11		-4.538344		1.532292		8.420066		4.980865		1.294734		2.3379226		1004		1.8		0.0012936712

		12		-3.839235		3.994814		12.792438		8.97862		5.835853		5.552498		1004		1.8		0.0030724314

		13		-2.749654		7.062063		17.971642		13.824109		11.355847		9.4928014		1004		1.8		0.0052527675

		14		-1.24386		10.746081		23.905018		19.433199		17.76709		14.1215056		1004		1.8		0.0078140248

		15		0.637046		15.039375		30.445684		25.665567		24.911722		19.3398788		1004		1.8		0.0107015708

		16		2.866443		19.876156		37.346329		32.330044		32.574932		24.9987808		1004		1.8		0.01383288

		17		5.381396		25.092531		44.310425		39.181202		40.499321		30.892975		1004		1.8		0.0170943863

		18		8.097667		30.57445		51.043358		45.943436		48.401752		36.8121326		1004		1.8		0.020369706

		19		10.938838		36.147038		57.220348		52.368267		56.017937		42.5384856		1004		1.8		0.0235383386

		20		13.782825		41.680679		62.508789		58.249805		63.084419		47.8613034		1004		1.8		0.0264836783

		21		16.509918		47.024628		66.674629		63.415646		69.405273		52.6060188		1004		1.8		0.0291091295

		22		19.081379		52.026897		69.609604		67.743347		74.844193		56.661084		1004		1.8		0.0313529681

		23		21.439346		56.496162		71.308495		71.174652		79.325134		59.9487578		1004		1.8		0.0331721767

		24		23.533901		60.289772		71.824142		73.69339		82.811073		62.4304556		1004		1.8		0.0345454048

		25		25.299498		63.358948		71.268562		75.331512		85.304504		64.1126048		1004		1.8		0.0354762089

		26		26.675386		65.639969		69.808342		76.144958		86.853371		65.0244052		1004		1.8		0.0359807466

		27		27.648645		67.132133		67.652237		76.222206		87.519547		65.2349536		1004		1.8		0.0360972519

		28		28.221775		67.842461		64.983994		75.656364		87.389503		64.8188194		1004		1.8		0.0358669873

		29		28.441349		67.851013		61.939007		74.52771		86.562798		63.8643754		1004		1.8		0.0353388531

		30		28.368202		67.25692		58.602222		72.916824		85.155106		62.4598548		1004		1.8		0.0345616726

		31		28.058237		66.163223		55.020203		70.898758		83.288635		60.6858112		1004		1.8		0.0335800195

		32		27.579659		64.663628		51.25507		68.523849		81.039581		58.6123574		1004		1.8		0.03243269

		33		26.98387		62.852173		47.37492		65.852859		78.459381		56.3046406		1004		1.8		0.031155733

		34		26.299002		60.834225		43.478325		62.896065		75.586632		53.8188498		1004		1.8		0.02978024

		35		25.542439		58.682701		39.67543		59.69968		72.465485		51.213147		1004		1.8		0.0283383948

		36		24.712536		56.498367		36.066219		56.330296		69.161827		48.553849		1004		1.8		0.026866893

		37		23.818718		54.345783		32.746826		52.892124		65.716782		45.9040466		1004		1.8		0.0254006455

		38		22.851799		52.294964		29.744028		49.502575		62.229626		43.3245984		1004		1.8		0.023973328

		39		21.894129		50.400471		27.12916		46.25127		58.799866		40.8949792		1004		1.8		0.0226289172

		40		20.993599		48.706711		24.928988		43.247505		55.525982		38.680557		1004		1.8		0.021403584

		41		20.169523		47.253181		23.185616		40.574795		52.507511		36.7381252		1004		1.8		0.0203287545

		42		19.474997		46.064201		21.935076		38.301872		49.822453		35.1197198		1004		1.8		0.0194332226

		43		18.937996		45.16066		21.194937		36.484478		47.559914		33.867597		1004		1.8		0.0187403702

		44		18.567398		44.534431		21.001444		35.161495		45.802933		33.0135402		1004		1.8		0.0182677845

		45		18.395536		44.182255		21.310896		34.371777		44.590393		32.5701714		1004		1.8		0.0180224499

		46		18.427307		44.140965		22.121393		34.123638		43.968369		32.5563344		1004		1.8		0.0180147933

		47		18.695133		44.418507		23.425261		34.415085		43.937561		32.9783094		1004		1.8		0.0182482898

		48		19.214029		45.001102		25.213913		35.221169		44.473396		33.8247218		1004		1.8		0.0187166455

		49		19.989418		45.860504		27.447863		36.470524		45.512287		35.0561192		1004		1.8		0.0193980297

		50		21.061415		46.951469		30.100166		38.070389		47.004028		36.6374934		1004		1.8		0.0202730707

		51		22.417065		48.254704		33.119041		39.954124		48.898518		38.5286904		1004		1.8		0.0213195498

		52		24.055176		49.778893		36.461987		42.082809		51.142799		40.7043328		1004		1.8		0.0225234245

		53		25.970781		51.537983		40.117386		44.436813		53.685799		43.1497524		1004		1.8		0.0238765784

		54		28.120708		53.530815		44.039467		47.014992		56.50069		45.8413344		1004		1.8		0.0253659442

		55		30.49017		55.747627		48.212776		49.82618		59.539066		48.7631638		1004		1.8		0.0269827157

		56		33.050659		58.198032		52.558594		52.861752		62.765938		51.886995		1004		1.8		0.0287112633

		57		35.798397		60.862694		56.998978		56.090588		66.155197		55.1811708		1004		1.8		0.0305340697

		58		38.731743		63.69648		61.470097		59.486595		69.680199		58.6130228		1004		1.8		0.0324330582

		59		41.792873		66.67453		65.98539		63.015507		73.303162		62.1542924		1004		1.8		0.0343925921

		60		44.944885		69.737488		70.528336		66.650543		76.972939		65.7668382		1004		1.8		0.0363915661

		61		48.155369		72.856674		75.042999		70.346779		80.621933		69.4047508		1004		1.8		0.0384045766

		62		51.414913		76.001343		79.473793		74.044586		84.207535		73.028434		1004		1.8		0.0404097134

		63		54.721939		79.142998		83.73365		77.646454		87.690002		76.5870086		1004		1.8		0.0423788228

		64		58.071354		82.248787		87.750542		81.094093		91.047379		80.042431		1004		1.8		0.0442908538

		65		61.46743		85.307884		91.468895		84.336273		94.251007		83.3662978		1004		1.8		0.0461300895

		66		64.918633		88.31646		94.83432		87.351715		97.283943		86.5410142		1004		1.8		0.047886794

		67		68.426399		91.255058		97.801231		90.128922		100.097084		89.5417388		1004		1.8		0.0495472216

		68		71.973686		94.126617		100.314896		92.599731		102.648895		92.332765		1004		1.8		0.0510916141

		69		75.542786		96.926346		102.395065		94.778992		104.901871		94.909012		1004		1.8		0.0525171602

		70		79.112297		99.648903		104.068207		96.635201		106.816917		97.256305		1004		1.8		0.0538160165

		71		82.670258		102.28183		105.381927		98.198349		108.366142		99.3797012		1004		1.8		0.0549909812

		72		86.183548		104.799042		106.36364		99.457314		109.536644		101.2680376		1004		1.8		0.0560358774

		73		89.609482		107.156197		107.026375		100.429291		110.329918		102.9102526		1004		1.8		0.0569445842

		74		92.910919		109.314987		107.400108		101.16748		110.773598		104.3134184		1004		1.8		0.0577210151

		75		96.027458		111.249001		107.512642		101.711082		110.901329		105.4803024		1004		1.8		0.0583667012

		76		98.88604		112.919777		107.392281		102.087181		110.755135		106.4080828		1004		1.8		0.0588800812

		77		101.429352		114.294487		107.061562		102.311836		110.386749		107.0967972		1004		1.8		0.059261176

		78		103.580643		115.328644		106.536552		102.374786		109.818291		107.5277832		1004		1.8		0.0594996587

		79		105.248474		115.991035		105.85022		102.252708		109.053749		107.6792372		1004		1.8		0.0595834646

		80		106.376198		116.271507		105.020599		101.948952		108.096603		107.5427718		1004		1.8		0.0595079525

		81		106.914719		116.147263		104.075249		101.45179		106.929672		107.1037386		1004		1.8		0.0592650169

		82		106.852066		115.57666		103.037064		100.734566		105.524567		106.3449846		1004		1.8		0.0588451663

		83		106.165886		114.507736		101.928596		99.768227		103.835884		105.2412658		1004		1.8		0.0582344322

		84		104.842621		112.881424		100.728951		98.500999		101.788872		103.7485734		1004		1.8		0.0574084625

		85		102.876419		110.654961		99.345139		96.864807		99.329178		101.8141008		1004		1.8		0.0563380372

		86		100.287758		107.807564		97.655975		94.818726		96.389725		99.3919496		1004		1.8		0.0549977587

		87		97.122116		104.347931		95.491364		92.325157		92.895012		96.436316		1004		1.8		0.053362282

		88		93.425377		100.283592		92.722717		89.347809		88.836182		92.9231354		1004		1.8		0.0514182909

		89		89.252403		95.629295		89.251991		85.890564		84.226875		88.8502256		1004		1.8		0.0491645781

		90		84.645767		90.442894		85.011787		81.957008		79.14711		84.2409132		1004		1.8		0.0466140511

		91		79.664536		84.812508		79.992294		77.577469		73.690346		79.1474306		1004		1.8		0.0437956123

		92		74.39254		78.837349		74.283127		72.832191		67.96196		73.6614334		1004		1.8		0.0407599786

		93		68.909988		72.652641		68.041779		67.793022		62.10527		67.90054		1004		1.8		0.0375722333

		94		63.309772		66.399147		61.500999		62.542797		56.235867		61.9977164		1004		1.8		0.034305952

		95		57.676151		60.213234		54.872253		57.212399		50.436134		56.0820342		1004		1.8		0.0310325554

		96		52.078735		54.241646		48.346104		51.950001		44.810211		50.2853394		1004		1.8		0.0278249997

		97		46.603119		48.602016		42.087387		46.850517		39.485249		44.7256576		1004		1.8		0.0247485932

		98		41.347439		43.354099		36.168266		41.950562		34.542023		39.4724778		1004		1.8		0.0218417872

		99		36.376339		38.487141		30.678423		37.227089		29.983631		34.5505246		1004		1.8		0.0191182628

		100		31.74065		33.974567		25.65428		32.63372		25.778004		29.9562442		1004		1.8		0.0165760537

		101		27.434389		29.757561		21.127581		28.146706		21.863831		25.6660136		1004		1.8		0.0142020881
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5.110371

3.9119626667

2.0903234

-1.4869146

5.3587806

3.9283633333

2.2992164

-1.3882936

5.5835876

3.916265

2.4262522

-1.2919018

5.7825224

3.8738546667

2.4701868

-1.1977384

5.952073

3.7999756667

2.4434072

-1.1057666

6.0879322

3.6954873333

2.3680134

-1.0159756

6.1862144

3.5648616667

2.270595

-0.9283128

6.2438148

3.41669

2.176375

-0.8426854

6.258884

3.2620806667

2.1040388

-0.7590084

6.2324868

3.111028

2.0625856

-0.6771612

6.1702984

2.9687813333

2.0508352

-0.5969962

6.0830098

2.8343526667

2.0594538

-0.5183574

5.9852256

2.702295

2.074384

-0.441039

5.8944224

2.5665506667

2.0806196

-0.3648218

5.829693

2.422729

2.0657146

-0.2894798

5.809182

2.2680096667

2.0223852

-0.2147464

5.8468062

2.1007696667

1.9497312

-0.1403446

5.949316

1.9210736667

1.852875

-0.0660008

6.1143852

1.731163

1.7414862

0.008559

6.3309904

1.5344966667

1.6276688

0.0836148

6.5827468

1.333815

1.523257

0.1594354

6.8513928

1.1300806667

1.4373894

0.2362422

7.1188964

0.9236013333

1.3754498

0.3142598

7.3684804

0.716298

1.3393854

0.393686

7.5863626

0.5138193333

1.3294062

0.4746538

7.7636096

0.327503

1.3466514

0.557292

7.897035

0.176201

1.3948602

0.6417062

7.9889546

0.0848936667

1.478757

0.7279504

8.0458988

0.0769336667

1.6005072

0.8160642

8.076529

0.1628833333

1.7576966

0.9060814

8.0898636

0.335371

1.9446388

0.9980078

8.0940076

0.573827

2.1553128

1.0918206

8.0959528

0.853062

2.384919

1.187499

8.1018156

1.148132

2.6293598

1.28501

8.1164068

1.4356026667

2.883826

1.3842774

8.1433538

1.6960366667

3.1418546

1.4852278

8.1860836

1.9173486667

3.3958876

1.5877922

8.2474566

2.095489

3.6390592

1.691865

8.3274816

2.2321686667

3.8669194

1.797333

8.4219104

2.3317883333

4.0778946

1.9040938

8.5230584

2.3990163333

4.2729208

2.012028

8.6219806

2.4381043333

4.4553924

2.1209886

8.709582

2.454171

4.6310852

2.2308186

8.7758554

2.4545216667

4.8067374

2.3413624

8.8089314

2.4478773333

4.9878372

2.4524218

8.7967026

2.4432283333

5.1766308

2.563768

8.730341

2.4489516667

5.37074

2.6751818

8.607089

2.470991

5.5626024

2.7863996

8.4309282

2.5107843333

5.7398554

2.8971224

8.2110258

2.5646226667

5.8865604

3.0070658

7.9585184

2.6251926667

5.984843

3.1159216

7.6844336

2.683923

6.0168992

3.223367

7.3997598

2.7330846667

5.967155

3.3290718

7.115634

2.766959

5.8243948

3.4326628

6.8438758

2.7827463333

5.5829184

3.5337556

6.5984772

2.7824153333

5.241728

3.632021

6.3957638

2.7743716667

4.8025178

3.7272486

6.2506754

2.7706516667

4.269176

3.8192548

6.1705718

2.779853

3.650055

3.907685

6.1511928

2.8026233333

2.9613268

3.9917488

6.1759874

2.8327716667

2.2280942

4.0705456

6.217915

2.86156

1.4834422

4.1437396

6.2422124

2.881376

0.7602694

4.2128938

6.2119694

2.8896003333

0.091158

4.280029

6.0884592

2.887562

-0.5105956



Bowl Knee Angle

				L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Bowl\Trial23.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Bowl\Trial24.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Bowl\Trial25.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Bowl\Trial26.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Bowl\Trial27.c3d

				Left Knee Angle		Left Knee Angle		Left Knee Angle		Left Knee Angle		Left Knee Angle

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		Z		Z		Z		Z		Z

		1		-5.474236		-4.274487		-3.917006		-8.759389		-2.359522		-4.956928

		2		-5.360545		-4.27074		-3.86315		-8.628032		-2.316028		-4.887699

		3		-5.245707		-4.266833		-3.812174		-8.494814		-2.2729		-4.8184856

		4		-5.128576		-4.262605		-3.76696		-8.357878		-2.2305		-4.7493038

		5		-5.008199		-4.257881		-3.729968		-8.215666		-2.189041		-4.680151

		6		-4.884748		-4.252211		-3.701206		-8.067647		-2.148212		-4.6108048

		7		-4.758806		-4.244906		-3.679794		-7.913499		-2.107597		-4.5409204

		8		-4.630925		-4.23527		-3.664903		-7.752786		-2.066833		-4.4701434

		9		-4.501389		-4.222645		-3.656157		-7.584732		-2.025708		-4.3981262

		10		-4.370342		-4.206489		-3.653418		-7.408504		-1.984037		-4.324558

		11		-4.237942		-4.186284		-3.65653		-7.223304		-1.941638		-4.2491396

		12		-4.104513		-4.161513		-3.66513		-7.028413		-1.898339		-4.1715816

		13		-3.970504		-4.131709		-3.678704		-6.823127		-1.853965		-4.0916018

		14		-3.836369		-4.096439		-3.696733		-6.606824		-1.808387		-4.0089504

		15		-3.702682		-4.05527		-3.718663		-6.379049		-1.761557		-3.9234442

		16		-3.570136		-4.007843		-3.743902		-6.139373		-1.713438		-3.8349384

		17		-3.439429		-3.953961		-3.771857		-5.887502		-1.664061		-3.743362

		18		-3.311278		-3.893447		-3.801888		-5.623389		-1.613572		-3.6487148

		19		-3.186425		-3.826149		-3.833291		-5.347016		-1.562131		-3.5510024

		20		-3.065617		-3.752111		-3.865356		-5.058683		-1.509949		-3.4503432

		21		-2.94948		-3.671474		-3.897401		-4.759159		-1.457319		-3.3469666

		22		-2.838419		-3.584382		-3.92879		-4.449262		-1.404539		-3.2410784

		23		-2.732815		-3.491089		-3.958897		-4.130112		-1.351894		-3.1329614

		24		-2.632923		-3.392031		-3.987138		-3.803212		-1.299655		-3.0229918

		25		-2.538669		-3.287659		-4.013054		-3.470098		-1.248088		-2.9115136

		26		-2.449917		-3.178446		-4.036205		-3.132497		-1.197409		-2.7988948

		27		-2.366482		-3.065001		-4.056163		-2.792343		-1.147776		-2.685553

		28		-2.287966		-2.94798		-4.072531		-2.451578		-1.099342		-2.5718794

		29		-2.213919		-2.828041		-4.084924		-2.112153		-1.052199		-2.4582472

		30		-2.143885		-2.705849		-4.092949		-1.776023		-1.006385		-2.3450182

		31		-2.07737		-2.582075		-4.096171		-1.445133		-0.961929		-2.2325356

		32		-2.013871		-2.457393		-4.094141		-1.121306		-0.918781		-2.1210984

		33		-1.952884		-2.332453		-4.086411		-0.806266		-0.876826		-2.010968

		34		-1.893947		-2.20782		-4.07252		-0.501717		-0.835943		-1.9023894

		35		-1.836618		-2.08403		-4.052005		-0.209152		-0.795951		-1.7955512

		36		-1.780458		-1.961617		-4.024406		0.070079		-0.756632		-1.6906068

		37		-1.725073		-1.841008		-3.989321		0.334663		-0.717766		-1.587701

		38		-1.670107		-1.722526		-3.946389		0.583594		-0.679145		-1.4869146

		39		-1.615204		-1.606493		-3.895255		0.816051		-0.640567		-1.3882936

		40		-1.560078		-1.493183		-3.835674		1.031263		-0.601837		-1.2919018

		41		-1.504508		-1.382712		-3.767508		1.228871		-0.562835		-1.1977384

		42		-1.448278		-1.27517		-3.69063		1.408721		-0.523476		-1.1057666

		43		-1.39124		-1.170636		-3.605048		1.570728		-0.483682		-1.0159756

		44		-1.333334		-1.069116		-3.510958		1.715259		-0.443415		-0.9283128

		45		-1.27451		-0.970558		-3.408575		1.84287		-0.402654		-0.8426854

		46		-1.214742		-0.87491		-3.298206		1.954191		-0.361375		-0.7590084

		47		-1.154049		-0.782114		-3.180351		2.050256		-0.319548		-0.6771612

		48		-1.092458		-0.692096		-3.055534		2.132243		-0.277136		-0.5969962

		49		-1.02998		-0.604781		-2.924314		2.201388		-0.2341		-0.5183574

		50		-0.966575		-0.520097		-2.787356		2.25921		-0.190377		-0.441039

		51		-0.902197		-0.437986		-2.645343		2.307314		-0.145897		-0.3648218

		52		-0.836775		-0.358402		-2.498961		2.347324		-0.100585		-0.2894798

		53		-0.770139		-0.281301		-2.348905		2.380953		-0.05434		-0.2147464

		54		-0.702096		-0.206634		-2.195872		2.409933		-0.007054		-0.1403446

		55		-0.632436		-0.134355		-2.040544		2.435948		0.041383		-0.0660008

		56		-0.560871		-0.064415		-1.883531		2.460523		0.091089		0.008559

		57		-0.487079		0.00324		-1.725414		2.485145		0.142182		0.0836148

		58		-0.410736		0.06873		-1.56676		2.511177		0.194766		0.1594354

		59		-0.331471		0.132198		-1.40803		2.539621		0.248893		0.2362422

		60		-0.248891		0.193788		-1.249627		2.571419		0.30461		0.3142598

		61		-0.162602		0.253697		-1.091946		2.607352		0.361929		0.393686

		62		-0.072238		0.312199		-0.935303		2.647826		0.420785		0.4746538

		63		0.02255		0.369569		-0.779949		2.693189		0.481101		0.557292

		64		0.122107		0.426094		-0.626133		2.743655		0.542808		0.6417062

		65		0.226678		0.48211		-0.474058		2.799167		0.605855		0.7279504

		66		0.336405		0.537967		-0.323879		2.859634		0.670194		0.8160642

		67		0.451423		0.594012		-0.175748		2.924884		0.735836		0.9060814

		68		0.571763		0.650571		-0.029795		2.994606		0.802894		0.9980078

		69		0.697309		0.707943		0.113886		3.068474		0.871491		1.0918206

		70		0.827933		0.766428		0.255201		3.146127		0.941806		1.187499

		71		0.963445		0.826296		0.39406		3.227153		1.014096		1.28501

		72		1.103529		0.887719		0.530377		3.311136		1.088626		1.3842774

		73		1.247853		0.950848		0.664065		3.397687		1.165686		1.4852278

		74		1.396056		1.015826		0.795029		3.486451		1.245599		1.5877922

		75		1.547691		1.082707		0.923159		3.577079		1.328689		1.691865

		76		1.702299		1.15147		1.048338		3.669307		1.415251		1.797333

		77		1.859408		1.222095		1.170451		3.762965		1.50555		1.9040938

		78		2.018501		1.294528		1.289376		3.85789		1.599845		2.012028

		79		2.179049		1.368636		1.40499		3.953983		1.698285		2.1209886

		80		2.340526		1.44427		1.517174		4.051203		1.80092		2.2308186

		81		2.502405		1.521281		1.625824		4.149512		1.90779		2.3413624

		82		2.664162		1.599481		1.730844		4.248844		2.018778		2.4524218

		83		2.825278		1.678664		1.832142		4.34911		2.133646		2.563768

		84		2.985265		1.758621		1.929662		4.450215		2.252146		2.6751818

		85		3.143655		1.839151		2.023372		4.551937		2.373883		2.7863996

		86		3.29998		1.920059		2.11324		4.653969		2.498364		2.8971224

		87		3.453812		2.001154		2.199278		4.755998		2.625087		3.0070658

		88		3.604752		2.082245		2.281531		4.857628		2.753452		3.1159216

		89		3.752398		2.163172		2.360043		4.958417		2.882805		3.223367

		90		3.896328		2.243782		2.434861		5.057916		3.012472		3.3290718

		91		4.036097		2.323926		2.506031		5.155606		3.141654		3.4326628

		92		4.171259		2.403497		2.573603		5.250933		3.269486		3.5337556

		93		4.301485		2.482453		2.637665		5.343368		3.395134		3.632021

		94		4.4266		2.560753		2.698369		5.432539		3.517982		3.7272486

		95		4.546443		2.638323		2.755867		5.518141		3.6375		3.8192548

		96		4.660592		2.714872		2.810171		5.599754		3.753036		3.907685

		97		4.768126		2.790037		2.86102		5.676309		3.863252		3.9917488

		98		4.868066		2.863471		2.908121		5.746509		3.966561		4.0705456

		99		4.960304		2.935239		2.951551		5.809601		4.062003		4.1437396

		100		5.047132		3.005878		2.992417		5.867436		4.151606		4.2128938

		101		5.131257		3.075953		3.032001		5.922644		4.23829		4.280029





StrA

				L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrA\Trial12.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrA\Trial14.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrA\Trial16.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrA\Trial18.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrA\Trial20.c3d

				Right Knee Angle		Right Knee Angle		Right Knee Angle		Right Knee Angle		Right Knee Angle

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		Z		Z		Z		Z		Z

		1		1.933654		1.011173		1.976183		1.998296		1.625003		1.7088618

		2		1.906377		0.991256		1.931438		1.949116		1.632465		1.6821304

		3		1.876705		0.957741		1.890293		1.885485		1.646462		1.6513372

		4		1.840838		0.906951		1.854549		1.805932		1.662382		1.6141304

		5		1.796859		0.841168		1.830872		1.716713		1.679872		1.5730968

		6		1.74415		0.768384		1.824996		1.62924		1.701196		1.5335932

		7		1.683422		0.699634		1.836346		1.553912		1.729039		1.5004706

		8		1.616922		0.645499		1.8579		1.495934		1.763104		1.4758718

		9		1.548362		0.613291		1.881675		1.454656		1.799052		1.4594072

		10		1.482202		0.606617		1.903106		1.425588		1.831413		1.4497852

		11		1.421846		0.626044		1.922174		1.405081		1.857544		1.4465378

		12		1.367901		0.669981		1.941986		1.394154		1.879107		1.4506258

		13		1.318209		0.73523		1.965752		1.398576		1.900473		1.463648

		14		1.269705		0.817308		1.992656		1.426277		1.926889		1.486567

		15		1.220565		0.911099		2.016021		1.483668		1.964074		1.5190854

		16		1.171021		1.012039		2.026688		1.571538		2.017262		1.5597096

		17		1.123385		1.117082		2.019332		1.683762		2.088623		1.6064368

		18		1.082029		1.224922		1.995207		1.81083		2.175105		1.6576186

		19		1.052854		1.335583		1.95981		1.945268		2.269774		1.7126578

		20		1.042392		1.449873		1.919866		2.083129		2.365582		1.7721684

		21		1.056691		1.569301		1.883271		2.221647		2.459272		1.8380364

		22		1.100604		1.695975		1.858941		2.357549		2.553016		1.913217

		23		1.176961		1.8322		1.855019		2.486396		2.652534		2.000622

		24		1.286861		1.980493		1.87665		2.603754		2.763844		2.1023204

		25		1.431613		2.143458		1.925021		2.708676		2.891652		2.220084

		26		1.613111		2.322842		1.99955		2.806216		3.038942		2.3561322

		27		1.832625		2.518906		2.101427		2.906179		3.206559		2.5131392

		28		2.089379		2.731344		2.233657		3.019139		3.393415		2.6933868

		29		2.380252		2.960395		2.400041		3.153576		3.597843		2.8984214

		30		2.700619		3.206912		2.604172		3.314924		3.818902		3.1291058

		31		3.044789		3.471583		2.847495		3.504685		4.055642		3.3848388

		32		3.406274		3.753625		3.126324		3.720291		4.305432		3.6623892

		33		3.777386		4.050312		3.430917		3.955729		4.563103		3.9554894

		34		4.148157		4.356516		3.748142		4.203459		4.821806		4.255616

		35		4.506187		4.664472		4.065518		4.45715		5.074163		4.553498

		36		4.838602		4.965442		4.373152		4.712556		5.313231		4.8405966

		37		5.134737		5.252737		4.663906		4.965943		5.534532		5.110371

		38		5.3874		5.522438		4.934006		5.212821		5.737238		5.3587806

		39		5.59283		5.771751		5.183129		5.447624		5.922604		5.5835876

		40		5.749698		5.997761		5.411213		5.66336		6.09058		5.7825224

		41		5.858281		6.197069		5.614578		5.851886		6.238551		5.952073

		42		5.920529		6.366092		5.785135		6.005291		6.362614		6.0879322

		43		5.940697		6.501363		5.9142		6.116144		6.458668		6.1862144

		44		5.925029		6.59975		5.994603		6.177568		6.522124		6.2438148

		45		5.881062		6.658137		6.021117		6.186419		6.547685		6.258884

		46		5.817725		6.673653		5.991107		6.148102		6.531847		6.2324868

		47		5.746178		6.645032		5.905406		6.078795		6.476081		6.1702984

		48		5.680505		6.574897		5.770883		6.001842		6.386922		6.0830098

		49		5.636432		6.471217		5.603477		5.941764		6.273238		5.9852256

		50		5.628533		6.348016		5.42753		5.921999		6.146034		5.8944224

		51		5.668037		6.224343		5.27035		5.964534		6.021201		5.829693

		52		5.761667		6.121599		5.154834		6.087009		5.920801		5.809182

		53		5.910348		6.060752		5.095034		6.298687		5.86921		5.8468062

		54		6.107707		6.059595		5.095667		6.598067		5.885544		5.949316

		55		6.339914		6.129913		5.153441		6.971824		5.976834		6.1143852

		56		6.587689		6.274992		5.25986		7.396482		6.135929		6.3309904

		57		6.829956		6.48904		5.405964		7.842807		6.345967		6.5827468

		58		7.048185		6.759284		5.583207		8.280923		6.585365		6.8513928

		59		7.23079		7.069454		5.781224		8.683571		6.829443		7.1188964

		60		7.376331		7.403088		5.986555		9.026155		7.050273		7.3684804

		61		7.492773		7.745122		6.183289		9.288498		7.222131		7.5863626

		62		7.591847		8.08104		6.354931		9.459491		7.330739		7.7636096

		63		7.682369		8.395841		6.487738		9.540495		7.378732		7.897035

		64		7.768267		8.675902		6.573723		9.543594		7.383287		7.9889546

		65		7.851968		8.913184		6.610947		9.48551		7.367885		8.0458988

		66		7.937477		9.106605		6.601352		9.384459		7.352752		8.076529

		67		8.029733		9.260356		6.548425		9.261531		7.349273		8.0898636

		68		8.13151		9.381683		6.457573		9.139277		7.359995		8.0940076

		69		8.241749		9.478569		6.340593		9.035627		7.383226		8.0959528

		70		8.355892		9.558686		6.217678		8.958528		7.418294		8.1018156

		71		8.466658		9.629195		6.113474		8.904448		7.468259		8.1164068

		72		8.565358		9.696681		6.051876		8.863245		7.539609		8.1433538

		73		8.644775		9.766316		6.052704		8.827543		7.63908		8.1860836

		74		8.702497		9.840194		6.128534		8.796029		7.770029		8.2474566

		75		8.740875		9.915995		6.280116		8.76899		7.931432		8.3274816

		76		8.764116		9.988053		6.494288		8.744981		8.118114		8.4219104

		77		8.774804		10.050552		6.746452		8.722878		8.320606		8.5230584

		78		8.773004		10.100038		7.007268		8.704154		8.525439		8.6219806

		79		8.755899		10.13531		7.250171		8.690379		8.716151		8.709582

		80		8.717911		10.155106		7.454254		8.678512		8.873494		8.7758554

		81		8.652314		10.15563		7.601112		8.658964		8.976637		8.8089314

		82		8.554379		10.129169		7.67356		8.618541		9.007864		8.7967026

		83		8.422429		10.065161		7.660814		8.54635		8.956951		8.730341

		84		8.257312		9.953644		7.564007		8.439219		8.821263		8.607089

		85		8.063251		9.788815		7.395493		8.304465		8.602617		8.4309282

		86		7.847691		9.570852		7.174821		8.156436		8.305329		8.2110258

		87		7.617781		9.305534		6.924127		8.007663		7.937487		7.9585184

		88		7.3778		9.00291		6.66505		7.862198		7.51421		7.6844336

		89		7.130407		8.676485		6.416309		7.716395		7.059203		7.3997598

		90		6.87969		8.34175		6.189256		7.564981		6.602493		7.115634

		91		6.63387		8.013715		5.986067		7.407997		6.17773		6.8438758

		92		6.404757		7.705937		5.809414		7.252371		5.819907		6.5984772

		93		6.204141		7.43096		5.675718		7.109111		5.558889		6.3957638

		94		6.037798		7.199847		5.613973		6.992033		5.409726		6.2506754

		95		5.901911		7.018935		5.650194		6.913118		5.368701		6.1705718

		96		5.784886		6.884768		5.794381		6.873869		5.41806		6.1511928

		97		5.668278		6.780307		6.035711		6.863422		5.532219		6.1759874

		98		5.526362		6.677285		6.343908		6.861516		5.680504		6.217915

		99		5.32945		6.545395		6.670304		6.839447		5.826466		6.2422124

		100		5.050623		6.356613		6.955372		6.765636		5.931603		6.2119694

		101		4.668456		6.088403		7.125221		6.604818		5.955398		6.0884592





StrD

				L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrD\Trial13.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrD\Trial15.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\StrD\Trial19.c3d

				Right Knee Angle		Right Knee Angle		Right Knee Angle

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		Z		Z		Z

		1		-1.094753		-0.224629		1.658678		0.1130986667

		2		-0.855487		-0.110209		1.70328		0.2458613333

		3		-0.549282		0.002902		1.8196		0.4244066667

		4		-0.175898		0.127618		2.027677		0.659799

		5		0.244466		0.274044		2.332097		0.9502023333

		6		0.6766		0.448542		2.718505		1.2812156667

		7		1.079425		0.65559		3.158582		1.631199

		8		1.41997		0.901604		3.616462		1.9793453333

		9		1.681887		1.194966		4.055305		2.3107193333

		10		1.867503		1.541662		4.442122		2.6170956667

		11		1.993105		1.938986		4.750811		2.8943006667

		12		2.080253		2.370641		4.964097		3.1383303333

		13		2.146509		2.806922		5.075824		3.343085

		14		2.198554		3.210886		5.094415		3.501285

		15		2.229566		3.547392		5.045913		3.6076236667

		16		2.222212		3.791808		4.96932		3.6611133333

		17		2.157151		3.935605		4.90235		3.6650353333

		18		2.023704		3.985945		4.870144		3.6265976667

		19		1.827629		3.960786		4.884939		3.5577846667

		20		1.590891		3.883856		4.947877		3.474208

		21		1.342985		3.78008		5.049477		3.3908473333

		22		1.110754		3.671006		5.174148		3.318636

		23		0.913189		3.571105		5.30901		3.2644346667

		24		0.760364		3.488186		5.449837		3.2327956667

		25		0.65377		3.426374		5.598742		3.2262953333

		26		0.588448		3.387318		5.755519		3.2437616667

		27		0.55664		3.368348		5.912354		3.279114

		28		0.551111		3.362459		6.058683		3.3240843333

		29		0.566947		3.362113		6.189994		3.373018

		30		0.602414		3.363841		6.311049		3.425768

		31		0.659367		3.369706		6.429181		3.4860846667

		32		0.742507		3.385425		6.543973		3.5573016667

		33		0.857037		3.415226		6.643855		3.638706

		34		1.005183		3.455528		6.712204		3.724305

		35		1.183345		3.493653		6.736429		3.8044756667

		36		1.381181		3.513855		6.713094		3.8693766667

		37		1.582706		3.505669		6.647513		3.9119626667

		38		1.769546		3.467541		6.548003		3.9283633333

		39		1.925245		3.403867		6.419683		3.916265

		40		2.038871		3.317968		6.264725		3.8738546667

		41		2.10529		3.207412		6.087225		3.7999756667

		42		2.123596		3.067646		5.89522		3.6954873333

		43		2.095612		2.898895		5.700078		3.5648616667

		44		2.025443		2.707905		5.516722		3.41669

		45		1.919213		2.503726		5.363303		3.2620806667

		46		1.784826		2.292633		5.255625		3.111028

		47		1.63108		2.076534		5.19873		2.9687813333

		48		1.466184		1.854568		5.182306		2.8343526667

		49		1.296007		1.625932		5.184946		2.702295

		50		1.124369		1.391367		5.183916		2.5665506667

		51		0.955055		1.151094		5.162038		2.422729

		52		0.793199		0.90203		5.1088		2.2680096667

		53		0.643891		0.638824		5.019594		2.1007696667

		54		0.509383		0.359034		4.894804		1.9210736667

		55		0.387477		0.067345		4.738667		1.731163

		56		0.271609		-0.225886		4.557767		1.5344966667

		57		0.152479		-0.509468		4.358434		1.333815

		58		0.02068		-0.774867		4.144429		1.1300806667

		59		-0.129383		-1.017342		3.917529		0.9236013333

		60		-0.295168		-1.23588		3.679942		0.716298

		61		-0.463046		-1.433169		3.437673		0.5138193333

		62		-0.607898		-1.612491		3.202898		0.327503

		63		-0.696452		-1.770249		2.995304		0.176201

		64		-0.696109		-1.889371		2.840161		0.0848936667

		65		-0.586161		-1.941807		2.758769		0.0769336667

		66		-0.365816		-1.901926		2.756392		0.1628833333

		67		-0.054033		-1.759678		2.819824		0.335371

		68		0.317096		-1.520825		2.92521		0.573827

		69		0.711181		-1.198141		3.046146		0.853062

		70		1.095579		-0.807973		3.15679		1.148132

		71		1.446403		-0.373948		3.234353		1.4356026667

		72		1.749512		0.072722		3.265876		1.6960366667

		73		1.998154		0.501523		3.252369		1.9173486667

		74		2.190329		0.891831		3.204307		2.095489

		75		2.327916		1.234612		3.133978		2.2321686667

		76		2.416498		1.526803		3.052064		2.3317883333

		77		2.464527		1.76418		2.968342		2.3990163333

		78		2.481514		1.940552		2.892247		2.4381043333

		79		2.476189		2.055196		2.831128		2.454171

		80		2.456288		2.118474		2.788803		2.4545216667

		81		2.429491		2.148334		2.765807		2.4478773333

		82		2.405029		2.163603		2.761053		2.4432283333

		83		2.39377		2.180451		2.772634		2.4489516667

		84		2.406186		2.209742		2.797045		2.470991

		85		2.449396		2.252388		2.830569		2.5107843333

		86		2.525116		2.29616		2.872592		2.5646226667

		87		2.629863		2.320639		2.925076		2.6251926667

		88		2.756913		2.307871		2.986985		2.683923

		89		2.898376		2.249631		3.051247		2.7330846667

		90		3.045158		2.148582		3.107137		2.766959

		91		3.185516		2.017681		3.145042		2.7827463333

		92		3.305711		1.878603		3.162932		2.7824153333

		93		3.39329		1.757315		3.17251		2.7743716667

		94		3.439124		1.675618		3.197213		2.7706516667

		95		3.436617		1.643253		3.259689		2.779853

		96		3.380217		1.658119		3.369534		2.8026233333

		97		3.265301		1.712601		3.520413		2.8327716667

		98		3.091688		1.797804		3.695188		2.86156

		99		2.868523		1.903402		3.872203		2.881376

		100		2.6194		2.017556		4.031845		2.8896003333

		101		2.376701		2.128063		4.157922		2.887562





Walk

				L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Walk\Trial31.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Walk\Trial32.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Walk\Trial33.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Walk\Trial34.c3d		L:\MILNER_DATA\CM029 knee in PA\Data\CM029_19\Walk\Trial35.c3d

				Right Knee Angle		Right Knee Angle		Right Knee Angle		Right Knee Angle		Right Knee Angle

				LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED		LINK_MODEL_BASED

				ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL		ORIGINAL

		ITEM		Z		Z		Z		Z		Z

		1		-3.351334		-5.623585		-3.270968		-4.459952		-4.801141		-4.301396

		2		-3.738735		-6.01348		-3.776148		-4.771923		-5.239349		-4.707927

		3		-4.024309		-6.224596		-4.144971		-4.985472		-5.588738		-4.9936172

		4		-4.175286		-6.237011		-4.344886		-5.077882		-5.825588		-5.1321306

		5		-4.172967		-6.052407		-4.358927		-5.037494		-5.935138		-5.1113866

		6		-4.004051		-5.668942		-4.172523		-4.854353		-5.901892		-4.9203522

		7		-3.67142		-5.101553		-3.789341		-4.527261		-5.720562		-4.5620274

		8		-3.189486		-4.377045		-3.227725		-4.059567		-5.39272		-4.0493086

		9		-2.580013		-3.532252		-2.517325		-3.458309		-4.924255		-3.4024308

		10		-1.866138		-2.606266		-1.692684		-2.733687		-4.322191		-2.6441932

		11		-1.067998		-1.634182		-0.788993		-1.900425		-3.594929		-1.7973054

		12		-0.201786		-0.643551		0.160301		-0.978956		-2.754187		-0.8836358

		13		0.715852		0.345179		1.124171		0.003976		-1.816792		0.0744772

		14		1.661822		1.314606		2.072935		1.014035		-0.805273		1.051625

		15		2.603923		2.244501		2.975935		2.007273		0.251562		2.0166388

		16		3.502345		3.10772		3.799672		2.930508		1.317305		2.93151

		17		4.313251		3.870266		4.507365		3.725497		2.346838		3.7526434

		18		4.992692		4.495053		5.060324		4.336264		3.287308		4.4343282

		19		5.500761		4.947954		5.42157		4.717547		4.082748		4.934116
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