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ABSTRACT 

Obesity is associated with numerous negative effects on health and QOL. Obese 

individuals are significantly more likely to have a TKA compared to normal weight individuals. In 

addition, obese individuals appear to have limited long term physical function which negatively 

impacts their ability to complete activities of daily living and QOL. We hypothesized that obese 

patients have additional barriers and deficits that would benefit from a tailored general fitness 

program once recovery from knee replacement should have occurred. Informed consent was 

obtained in compliance with IRB policies.  Thirty four obese (36.9±4.8 kg/m2) TKA patients 

completed an 8 week home based exercise program with the guidance of an exercise 

physiologist. In addition, 17 participants were given additional motivational input from a Fitbit 

fitness tracker (Fitbit). An assessment measuring body size and shape, strength, walking 

endurance, knee function, and QOL was completed pre and post exercise program.  One-way 

ANOVA comparing the adherence rates between groups was performed. Since adherence rates 

were not different (80.1±10.6 vs. 78.3±12.0, p=0.68) indicating the Fitbit did not have an effect, 

groups were collapsed and the effects of the exercise intervention were evaluated with a one-

way ANOVA comparing the functional outcomes and QOL measurements pre and post 

intervention. Our results indicate that many patients had baseline deficits in knee extensor 

strength (38.2%), walk performance (50.0%), and self-reported physical function limitations 

(52.9%). Following an 8 week home based exercise program, significant improvements were 

noted in distance on the 6 minute walk (321.3±74.0 m vs 379.6±85.7m, p<0.01) and peak knee 
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extension strength (54.1±16.0 kg vs 65.3±15.7, p<0.01). Non-significant improvements were 

noted in self-reported knee function (19.9±13.4 vs 15.3±9.8, p=0.13) and physical function 

(35.8±10.4 vs 38.7±9.2, p=0.27). This study provides preliminary evidence that an 8 week home 

based exercise program in obese individuals one year post TKA is feasible and effective in 

improving strength and walk performance. The results of this study also indicate that a home 

based exercise program may improve patient perceptions of knee function and QOL. However, 

the FitBit was not a significant motivational factor to comply with a prescribed exercise 

program. 
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LIST OF ABBREVIATIONS 

1. TKA= Total knee arthroplasty 

2. QOL= Quality of Life 

3. WOMAC= Western Ontario and McMaster Universities Osteoarthritis Index 

4. ACSM = American College of Sports Medicine 

5. SF-36=  SF-36 Health Survey Version 2.0 

6. 6MW= six minute walk test 

7. OA=Osteoarthritis 

8. PCS= Physical Components Scale of SF-36 Health Survey Version 2.0 

9. MCS= Mental Components Scale of SF-36 Health Survey Version 2.0 

10. PFnorm= Normalized physical function subscale scores of SF-36 Health Survey V2.0 

11. REnorm= Normalized role emotional subscale scores of SF-36 Health Survey V2.0 

12. RPnorm= Normalized role physical subscale scores of SF-36 Health Survey V 2.0 

13. SFnorm= Normalized social function subscale scores of SF-36 Health Survey V2.0 

14. GHnorm= Normalized general health subscale scores of SF-36 Health Survey V2.0 

15. MHnorm= Normalized mental health subscale scores of SF-36 Health Survey V2.0 

16. VTnorm= Normalized vitality subscale scores of SF-36 Health Survey V2.0 

17. BPnorm= Normalized bodily pain subscale scores of SF-36 Health Survey V2.0 

18. BMI= body mass index  

19. 6MW= Six minute walk 
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20. PAQ= physical activity questionnaire 

21. NHANES= National Health and Nutrition Examination Survey  

22. BPM=Beats per minute 

23. mmHg= millimeters of Mercury 

24. Kg= Kilograms 

25. Cm= centimeters 

26. Mm= millimeters 

27. M= Meters 

28. CDC= Center for Disease Control 

29. UTHSC= University of Tennessee Health Science Center 

30. RPE= Rating of perceived exertion 

31. IRB= Institutional Review Board 

32. ANOVA= Analysis of Variance 

33. SD= Standard Deviation 

 

  

v 
 



 

ACKNOWLEDGEMENTS 

 I would like to thank my advisor, Dr. Mark Loftin, and my committee members, Drs. 

Scott Owens, Yang-Chieh Fu and Melinda Valliant for all of their encouragement, support, and 

guidance throughout this entire process. I also would like to thank Drs. Jim Gurney and Audrey 

Zucker-Levin for the opportunity they provided me as well as their substantial help securing 

funding, equipment, and collaborators to complete this project, without them this study would 

not have been possible. I am also forever indebted to Michael Williams, Lisa Krull, and Anita 

Kerkhof for their time and assistance in the completion of this study. Their help navigating the 

clinical and administrative hurdles was essential to the timely completion of this project. 

 I also owe a great deal of gratitude and appreciation to my family and loved ones for 

their unending support of my pursuit of this degree and this field. A special acknowledgement 

goes to my wife, Courtney, for her continued support and encouragement as I work toward this 

long term goal.   

 I would also like to thank Dr. Kevin Boggs, the FedEx Institute of Technology at the 

University of Memphis, and the Memphis Research Consortium for generously funding this 

research project.  

 

  

vi 
 



 

TABLE OF CONTENTS 

ABSTRACT………………………………………………………………………………………………………………....... ii 
 

LIST OF ABBREVIATIONS………………………..…………………………………………………………………….. iv 
 

ACKNOWLEDGEMENTS………………………….…………………………………………………………………..... vi 
 

LIST OF TABLES……………………………………………………………………………..………………………….….. ix  
 

LIST OF FIGURES…………………………………….……………………………………………………………………... x 
 

LIST OF APPENDICES……………………………….……………………………………………………………………. xi 
 

CHAPTER I……………………………………………………………………………………………………….………….... 1 
  

INTRODUCTION………………..…………………………………………………………….………………… 2 
  SPECIFIC AIMS……………………………………………………………………………………….. 6 

 LIST OF REFERENCES……………………………………………………………………………… 8 
REFERENCES……………………………………………………………………………………….…. 9 

 
CHAPTER II………………………………………………………….…………………………………………………….… 13 

  
LITERATURE REVIEW…………………………………………….……...................................…. 14 

  LIST OF REFERENCES…………………………………………….……………………………... 25 
  REFERENCES……………………………………………………………………………………..…. 26 

   
CHAPTER III……………………………………………………….……………………………………………………...… 34 

 
 MANUSCRIPT 1 

INTRODUCTION………………………………………………………………………………….…………… 35 
MATERIALS AND METHODS…………………………………………………………………………….. 38 
RESULTS……………………………………………………………………………………………………….…. 43 
DISCUSSION…………………………………………………………………………………………………….. 48 
LIST OF REFERENCES……………………………………………………………………………………….. 53 
REFERENCES…………………………………………………………….……………………………………… 54 
APPENDICES………………………………………………………….………………………………………… 58 

 
 

vii 
 



 

 
CHAPTER IV…………………………………………………………………………………………….………………..… 96 

 
 MANUSCRIPT 2 

INTRODUCTION…………………………………………………………………….………………………… 97 
MATERIALS AND METHODS………………………………………………………………….……….. 101 
RESULTS………………………………………………………………………………………………………... 109 
DISCUSSION………………………………………………………………………………………………….. 118 
LIST OF REFERENCES…………………………………………………….................................... 123 
REFERENCES………………………………………………………………………………………………….. 124 
APPENDICES………………………………………………………….………………………………………. 134 

 
CURRICULUM VITAE…………………...……………………………………………………………..…………….. 134 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

viii 
 



 

LIST OF TABLES 

Table 1.1- Patient Characteristics …………………………………………………….………………….….…. 44 

Table 1.2- Knee Related Quality of Life……………………………………………………………………….. 46 

Table 1.3- Health Related Quality of Life………………………………………………………………….…. 47 

Table 2.1- Baseline Group Characteristics……………………………………………………………….… 110 

Table 2.2- Effect of 8 Week Home Based Exercise Program on Physical Performance. 112 

Table 2.3-Changes in Heath Related Quality of Life…………………………………………………..  116 

 

 

 

 

 

 

  

ix 
 



 

LIST OF FIGURES 

Figure 2.1- Self Reported Knee Function (WOMAC) ……………………………………………….… 113 

Figure 2.2- Health Related Quality of Life (SF-36): Mental and Physical Summary Scales 

……………………………………………………………………………………………………………………………..…. 114 

Figure 2.3- Health Related Quality of Life (SF-36): Mental Sub-Scales………………………. 115 

Figure 2.4- Health Related Quality of Life (SF-36): Physical Sub-Scales…………………….. 115 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

x 
 



 

LIST OF APPENDICES 

Appendix A – Informed Consent ………………………………………………………………………….…….. 60 

Appendix B – Approval Letters …………………………………………………………………………………... 71 

Appendix C – Health and Medical History ………………………………………………….…………….. 78 

Appendix D – Physical Activity: (PAQ) NHANES ……………………………………….……………….. 80 

Appendix E – Data Collection Form ………………………………………………………………………….. 88 

Appendix F- Exercise Handouts…………………………………………………………………..…………….. 130

xi 
 



 

CHAPTER I  

INTRODUCTION   
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Obesity is a complex medical state associated with a number of health-related 

conditions deleterious to the musculoskeletal system (Anandacoomarasamy, Fransen, & March, 

2009; Anandacoomarasamy et al., 2012). From a biomechanical perspective, excess weight 

directly and indirectly creates abnormal stress on joints, particularly at the knee, which hastens 

the deterioration of the protective soft tissues in the joint structures (Abramson, Attur, & Yazici, 

2006; Powell, Teichtahl, Wluka, & Cicuttini, 2005).  Thus, obesity is a strong risk factor for 

development of OA (Centers for Disease & Prevention, 2011; Murphy & Helmick, 2012; 

Stürmer, Günther, & Brenner, 2000) and obese individuals have a substantially higher rate than 

non-obese individuals of total knee arthroplasty (TKA) (Bourne, Mukhi, Zhu, Keresteci, & Marin, 

2007; De Guia, Zhu, Keresteci, & Shi, 2006; Liu et al., 2007; Wendelboe et al., 2003; Wright et 

al., 2010).  

Although the associations between obesity and OA and obesity and incidence of TKA are 

reasonably well described, the implications of obesity on TKA rehabilitation and long-term 

functional recovery are not sufficiently understood. All patients, regardless of body weight, 

appear to experience decreased pain and improved function following TKA (Unver, Karatosun, 

Bakirhan, & Gunal, 2009). However, there is some evidence recounting worse long-term 

outcomes among obese patients. Obese individuals have higher reported need for additional 

surgical revision to adjust or repair the TKA, and although functional abilities improve following 

TKA, outcomes are significantly poorer when compared to normal weight patients (Foran et al., 
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2004; Singh, O'Byrne, Harmsen, & Lewallen, 2010). Morbidly obese patients are over five times 

more likely than normal weight patients to experience complications and device failure within 

five years of TKA (Dewan et al., 2009). Physical inactivity has also been reported to have similar 

negative effects following joint replacement. Inactive patients have been reported to have 

higher surgical revision rates and loosening of the joint, and lower function scores, than those 

who are physically active (Gschwend, Frei, Morscher, Nigg, & J., 2000; Kilgus, Dorey, Finerman, 

& Amstutz, 1991).  

It has commonly been assumed by medical professionals and reported by patients that 

obesity and physical inactivity were secondary to the OA and the accompanying pain and 

physical limitations. More recently, it has been suggested that obesity and physical inactivity 

should be treated as separate medical issues since they do not appear to improve with the 

restored function and reduced pain following TKA (Heisel, Silva, Rosa, & Schmalzried, 2005; 

Unver et al., 2009). Most studies indicate that TKA does not result in decreased body weight. In 

fact, it has been frequently reported that body weight often increases after TKA (Aderinto, 

2005; Heisel et al., 2005; Unver et al., 2009; Woodruff & Stone, 2001; Zeni & Snyder-Mackler, 

2010).  Most patients report the ability to return to regular activities such as walking, hiking, 

and swimming, with some patients even returning to sports like tennis and jogging (Foran et al., 

2004; Jones, Cox, Jhangri, & Suarez-Almazor, 2012; Loughead et al., 2008). Despite the ability to 

return to these activities, it appears that poor exercise habits that preceded surgery are likely to 

return following the initial recovery period, which may result in long-term functional abilities 

that are significantly compromised (Bradbury, Borton, Spoo, & Cross, 1998).  Based on the 

limited data available, it appears that obesity and physical inactivity, which are major 
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contributors to the development and progression of OA, remain after TKA. Thus, functional 

recovery, such as general mobility, gait mechanics, walking endurance, ability to walk stairs, 

freedom from pain, and quality of life, may not be as thorough and lasting as expected.  

The role of exercise therapy and intervention has received relatively little attention with 

regard to the long term outcomes following a TKA. Exercise interventions, including both 

aerobic and strength training, have been shown to improve aerobic fitness, mobility, 

coordination, and body composition; increase muscle mass and bone density; and reduce 

depression and anxiety in many clinical populations (Chodzko-Zajko et al 2009; Barry & 

Eathorne, 1994; Butler, Davis, Lewis, Nelson, & Strauss, 1998), all of which are relevant for 

obese patients after a TKA. However, few exercise interventions have been conducted in TKA 

patients. The few pre-operative and early post-operative studies, including an exercise 

intervention focusing on rehabilitation of the injured area, have shown that increasing strength 

is predictive of better function one year after surgery (Beaupre, Lier, Davies, & Johnston, 2004; 

Mizner, Petterson, Stevens, Axe, & Snyder-Mackler, 2005; Topp, Swank, Quesada, Nyland, & 

Malkani, 2009). In one of the only exercise interventions in patients more than one year from 

TKA, LaStayo and colleagues conducted a pilot study using a 12 week strength training program 

designed to improve muscle strength in the quadriceps and reported significant increases in 

strength and mobility (LaStayo et al., 2009). These preliminary data offer promise that exercise 

interventions can improve the long term function and outcomes from TKA.    

Any potential exercise intervention in obese TKA patients must balance improving 

physical fitness levels and minimizing wear on the prosthesis. Although there have been few 

studies evaluating the biomechanical stress that common activities place on the knee joint, post 
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joint replacement exercise recommendations are available based on a survey of 54 members of 

Hip and Knee Society who provided their expert opinion on common sporting activities. 

Activities that were recommended consisted of exercises such as stationary cycling, swimming, 

walking, golf, low impact aerobics, weight machines, and dancing (Healy, Lorio, & Lemos, 2000). 

In addition to minimizing wear on the joint, consideration has to be given to motivation to 

become physically active.  OA and obese TKA patients are routinely advised to become more 

physically active and lose weight before surgery. However, reports indicate that only about one 

third of patients are successful at increasing physical activity and ultimately reducing body 

weight (Borland & Jennings, 2011). Howarth et al assessed barriers to weight loss in obese 

patients with knee OA and while 29% reported pain as major barrier, nearly 90% reported lack 

of motivation to be the largest barrier to weight loss (Howarth, Inman, Lingard, McCaskie, & 

Gerrand, 2010).  For an exercise intervention to be successful, these barriers must be carefully 

considered in the exercise program.  

The primary outcomes of this project will be to assess functional measures pre- and 

post- a home based exercise intervention in obese knee replacement patients with comparison 

of additional benefits from the Fitbit fitness tracker. We hypothesize that obese patients have 

additional barriers and deficits that would benefit from a tailored general fitness program at 

the 1 year follow-up visit when post-surgical rehabilitation is long completed and full healing 

should have occurred. 
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SPECIFIC AIMS: 

Specific Aim 1: 

 To describe physical function and quality of life in obese patients one year after TKA.   

Specific Aim 2:  

To investigate the between and within group effects on physical function and QOL of 

Incorporating an eight week home based exercise program with and without FitBit 

tracking technology in obese patients one year after TKA. 

 

The following null hypotheses will be tested: 

H02a: There will be no significant difference in body weight between and within groups from 

pre to post intervention in those in the exercise only and FitBit plus exercise group.  

H02b: There will be no significant difference in waist to hip ratio between and within groups 

from pre to post intervention in those in the exercise only and FitBit plus exercise group.  

H02c: There will be no significant difference in body composition between and within groups 

from pre to post intervention in those in the exercise only and FitBit plus exercise group.  

H02d: There will be no significant difference in knee range of motion between and within 

groups from pre to post intervention in those in the exercise only and FitBit plus exercise group. 
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H02e: There will be no significant difference in resting vital signs (heart rate, respirations, and 

blood pressure) between and within groups from pre to post intervention in those in the 

exercise only and FitBit plus exercise group.  

H02f: There will be no significant difference in distance walked during the six minute walk test 

between and within groups from pre to post intervention in those in the exercise only and FitBit 

plus exercise group.  

H02g: There will be no significant difference in WOMAC knee function scores between and 

within groups from pre to post intervention in those in the exercise only and FitBit plus exercise 

group.  

H02h: There will be no significant difference in QOL (PCS, MCS, and subscales of SF 36) between 

and within groups from pre to post intervention in those in the exercise only and FitBit plus 

exercise group.  

H02i: There will be no significant difference in knee extension strength between and within 

groups from pre to post intervention in those in the exercise only and FitBit plus exercise group. 
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CHAPTER II 
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Osteoarthritis (OA)  is a  the most common joint disease affecting over 27 million adults 

in the United States (Van Manen, Nace et al., 2012).  The steady and rapid increases in the 

incidence and prevalence over the last 20 years have made OA a serious public health concern 

(Suri, Morgenroth et al., 2012). The significant impact OA has on the patients’ health and 

physical function is evident as OA is one of the leading causes of long term disability (McNeil 

and Binette, 2001; Arden and Nevitt, 2006). This has led to much work to understand OA and 

the impact on the health of those with living with the disease.      

OA is degenerative joint diseases which can affect both the soft tissue and bony 

structures of the joint. OA can affect any joint however the hip, knee and hand are the most 

common. OA of the knee is particularly concerning due to the frequency it occurs and the 

impact on mobility. Estimates of lifetime risk for developing symptomatic knee OA report that 

40 % of males and 47% of females will be impacted by OA (Murphy, Schwartz et al., 2008). Not 

surprisingly, knee OA is the leading cause of walking related disability (Felson, Lawrence et al. 

2000).  OA is clearly a burden on many adults in the United States as well as the medical 

system.  

OA diagnosis is based on a combination of clinical assessment and radiographic 

evidence of joint deterioration. OA is commonly characterized by clinical report of pain, and 

stiffness in the joint. These symptoms often progress limiting physical activity and ultimately 

function. Radiographic evidence is characterized using one several grading systems. The 

Kellgren-Lawerence grading system of OA being the most widely used to assess knee OA 
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(Kallman, Wigley et al., 1989; Spector, Hart et al., 1993). The Kellgren-Lawerence grading 

system of OA focuses on the amount of joint space created by soft tissue deterioration and the 

eventual narrowing of sub-chondral bone (Kellegren and Lawrence, 1957).  

Risk factors for Osteoarthritis 

Much attention has been focused toward disease prevention which led to the 

identification of several risk factors for the development and progression of OA. These factors 

have been commonly grouped as systemic which impact the whole body and indirectly the joint 

or be more localized factors which directly impact the joint. More practically from a clinical and 

treatment perspective, risk factors can be grouped into non-modifiable and modifiable factors. 

Non-modifiable risk factors generally include age, sex, hormonal status, ethnicity, and genetics. 

Modifiable risk factors of developing OA which are generally reported include nutrition, muscle 

strength, and obesity. 

Non modifiable risk factors 

Age is one of the strongest risk factors for development of OA (Dougados, Gueguen et 

al., 1992; Lawrence, Felson et al., 2008; Blagojevic, Jinks et al., 2010). The prevalence of OA 

increases substantially after the age of 45 years old with over 20% reporting OA (Blagojevic, 

Jinks et al., 2010). The prevalence of OA increases to nearly 40% in those over 65 years old 

(Dillon, Rasch et al., 2006). The impact age has on the progression of OA is unclear since OA 

appears to be stable for long periods in some patients and progresses quickly in others 

(Lievense, Bierma-Zeinstra et al., 2002; Belo, Berger et al., 2007).  

In addition to age, it is clear that genetics have significant role in the development of 

OA.  On a population or cohort level, studies have consistently shown the influence of 
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heritability explains nearly 50% of the variation in vulnerability to OA (Spector, Cicuttini et al., 

1996; MacGregor, Antoniades et al., 2000; Valdes and Spector, 2009). Despite the consistency 

and quality of population level findings, individual level genetic research has been challenging 

and the results varied. While genome wide association studies have identified some points of 

interest including nearly 30 genes across 6 pathways affecting nearly 40 identified cellular 

functions (Loughlin, 2005; Valdes and Spector, 2009; Valdes and Spector, 2010). The lack of a 

clear consensus and identification of a specific gene has led to the conclusion that multiple 

genes are likely involvement and are modified by environment factors and polymorphisms 

across multiple genes. Although population studies indicate a genetic influence, individual 

genetic identification and screening appear to be a long way off.  

Gender is commonly reported as non-modifiable risk factors for developing OA 

(Lawrence, Felson et al., 2008). However, there is some disagreement in the literature with 

regard to the individual contributions and interactions between age, gender, and hormonal 

status. None the less, women over the age of 50 years old experience OA at significantly higher 

incidence and prevalence rates compared to males (Dillon, Rasch et al., 2006). This is likely 

mediated by changes in sex hormone levels following menopause although current evidence is 

inconsistent (Sowers, Hochberg et al., 1996; Wluka, Cicuttini et al., 2000). However, studies 

comparing post-menopausal women on supplemental estrogen with those not receiving 

supplementation showed those supplementing have lower prevalence of OA (Wluka, Cicuttini 

et al., 2000; Wluka, Davis et al., 2001; Carbone, Nevitt et al., 2004). Based on these findings, it 

appears that hormonal status is likely confounding the gender findings.  
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Ethnicity also appears to affect both the rates at which OA occurs as well as the 

progression of the disease. African Americans have similar but slightly higher reported 

symptomatic knee OA but were considerable more likely to have evidence of more severe knee 

OA than Caucasians (Jordan, Helmick et al., 2007). Caucasians and Mexican Americans have 

nearly identical rates of Knee OA (Dillon, Rasch et al., 2006). In addition, Chinese and African 

American women have a significantly higher likelihood of having symptomatic OA of the knee 

compared to Caucasian women (Zhang, Xu et al., 2001; Lawrence, Felson et al., 2008). The 

effects of ethnicity on the progression of OA are somewhat unclear however it is clear that 

African Americans have evidence of more severe disease suggesting different, possible 

accelerated, progression compared to Caucasians (Braga, Renner et al., 2009).  

Non-modifiable risk factors of development and progression of OA are useful in the 

determination of those most at risk for developing OA and may inform medical decision making 

and recommendation for radical treatment. However, these risk factors are of little use in terms 

of preventing OA and managing the progression of OA. On the other hand, modifiable risk 

factors of developing OA such as obesity, nutrition, and muscle strength may be useful 

treatment targets. 

Modifiable risk factors 

Obesity itself is a complex medical condition which affects more than 78 million adults 

in the United States (Flegal, Carroll et al., 2010). Obesity is characterized the accumulation of 

excess body fat to the point where negative effects on health are observed. Obesity is a major 

public health concern with a cost estimated at 200 billion dollars annually (Institute of 

Medicine, 2012). Obesity is associated with the development of heart disease, type 2 diabetes, 
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obstructive sleep apnea, cancer, as well as OA (Haslam and James, 2005). The growing body of 

literature supporting the impact obesity has directly on an individual’s health has recently led 

the American Medical Association to recognize obesity as a disease (American Medical 

Association, 2013).  With obesity rates steadily increasing for decades, this distinction paved 

the way for greater recognition of the harmful effects of obesity and more aggressive treatment 

and medical support for obese patients.  

Obesity has been shown to negatively impact the musculoskeletal system 

(Anandacoomarasamy, Fransen et al., 2009; Anandacoomarasamy, Leibman et al., 2012). Not 

surprisingly, obesity is a strong risk factor for development of OA (Stürmer, Günther et al., 

2000; Centers for Disease and Prevention, 2011; Murphy and Helmick, 2012). In a longitudinal 

study of twins, Cicuttini et al found for each kilogram increase in body weight the risk of 

developing knee OA increased by 13% (Cicuttini, Baker et al., 1996). This increased risk of OA is 

partially explained by the excessive and abnormal stress patterns in the joint which directly and 

indirectly lead to deterioration of the protective soft tissues in the joint structures (Powell, 

Teichtahl et al., 2005; Abramson, Attur et al., 2006).  OA involves the degeneration of the joints 

specifically through chronic cartilage damage, sub chondral bone remodeling, and inflammation 

in the synovial membranes.  Not surprisingly, this is compounded in obese individuals as excess 

body weight and body fat add undue pressure to the orthopedic structures of the body 

particularly the lower extremities.  

In addition to increased pressure on the joints, obesity also appears to have additional 

effects that increase the risk of OA. Some evidence suggesting an increased risk of OA in a non-

load bearing joints such as the hand (Yusuf, Nelissen et al., 2010).  This increased risk has been 
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used to build a case for the impact the metabolic effects of obesity on risk and progression of 

OA. Close examination has produced inconsistent results and no conclusive mechanisms.  

Although metabolic disease is clearly associated with obesity it remains unclear how much 

impact this has on the development of OA.  

Dietary intake has an obvious relationship with regard to the development of obesity 

and has suggested as a potential risk factor that can influence the risk of developing OA and the 

progression of the disease. Longitudinal studies have shown that those with chronic dietary 

insufficiencies are at risk for OA. Some evidence to suggest individuals with low Vitamin D 

intake are at an increased risk of developing OA and have greater progression of OA 

(McAlindon, Felson et al., 1996; Lane, Gore et al., 1999). This conclusion appears consistent 

with previous work showing the importance of Vitamin D levels with regard to bone health 

(Parfitt, Gallagher et al., 1982; Gallagher and Sai, 2010; Institute of Medicine, 2012; Turner, 

Anderson et al., 2012). In addition to Vitamin D, the effects of Vitamin C and Vitamin E have on 

OA  have been discussed in recent literature. The research on Vitamin C and Vitamin E has been 

based largely based around their antioxidant properties. Data from the Framingham study 

investigating nutrient intake and longitudinal development of OA is suggestive of a protective 

effect against progression of OA in those with higher levels of Vitamin C and Vitamin E 

(McAlindon, Jacques et al., 1996). However, studies providing supplementation with 

antioxidant compounds including Vitamin E have shown no effect on symptoms or structure 

related to OA (Brand, Snaddon et al., 2001; Wluka, Stuckey et al., 2002). This data is clearly not 

yet robust but based on the limited information available nutrient intake may have some 

impact on the development and progression of knee OA.  
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Muscle strength is another potentially modifiable risk factor that has been reported in 

development and progression of OA. Muscle weakness has long been assumed to be the result 

of pain and disuse following development OA. However, several studies suggest muscle 

weakness as an independent risk factor for developing knee OA especially in women (O’Reilly, 

Jones et al., 1998; Slemenda, Heilman et al., 1998; Brandt, Heilman et al., 1999). In addition, 

pain and disability scores from knee OA are significantly higher in those with muscle weakness 

(O’Reilly, Jones et al., 1998).   These results are supported by evidence that decreased peak 

quadriceps strength leads to increase joint and ligament loading (Shelburne, Torry et al., 2006). 

The increased forces in the joint are largely the result of a decreased joint stability (Brand, 

1989). The reported increased joint loading has been implicated in acute injury and subsequent 

damage to the tissues in the joint. Although, the direct link between muscle weakness and 

injury is difficult to quantify due to unpredictable nature of injury. The assumptions that a 

relationship between muscle weakness and injury are not unsubstantiated.  Acute injuries and 

possible structural changes to the knee have been shown to greatly increase the risk of 

developing OA (Felson, Zhang et al., 1995; Cooper, Snow et al., 2000; Gelber, Hochberg et al., 

2000).  Muscle weakness is further compounded in this population by the higher force 

requirements associated with increased body mass.  

Medical management and treatment of Osteoarthritis 

There is currently no cure for OA so medical management has been focused on 

symptom management of the affected joint, and prevention and control of disease progression. 

Primary treatment generally includes pain management, weight loss and surgical intervention 

to replace degenerative tissue with a prosthetic joint. This is especially true in obese individuals 
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which have a substantially higher rate than non-obese individuals of total knee arthroplasty 

(TKA) (Wendelboe, Hegmann et al., 2003; De Guia, Zhu et al., 2006; Bourne, Mukhi et al., 2007; 

Liu, Balkwill et al., 2007; Wright, Katz et al., 2010).  

Total knee arthroplasty outcomes 

Although the associations between obesity and OA and obesity and incidence of TKA are 

reasonably well described, the implications of obesity on TKA rehabilitation and long-term 

functional recovery are not sufficiently understood. TKA procedures have been improved and 

have substantially better outcomes than seen as recently as 15 years ago. This is due to 

improved materials as well as improved surgical procedures. All patients, regardless of body 

weight, appear to experience decreased pain and improved function following TKA (Unver, 

Karatosun et al., 2009). However, there is some evidence recounting worse long-term 

outcomes among obese patients. Obese individuals have higher reported need for additional 

surgical revision to adjust or repair the TKA, and although functional abilities improve following 

TKA, outcomes are significantly poorer when compared to normal weight patients (Foran, Mont 

et al., 2004; Singh, O'Byrne et al., 2010). Morbidly obese patients are over five times more likely 

than normal weight patients to experience complications and device failure within five years of 

TKA (Dewan, Bertolusso et al., 2009). Physical inactivity has also been reported to have similar 

negative effects following joint replacement. Inactive patients have been reported to have 

higher surgical revision rates and loosening of the joint, and lower function scores, than those 

who are physically active (Kilgus, Dorey et al., 1991; Gschwend, Frei et al., 2000). Despite all 

these improvements, obese patients are still a concern for the orthopedic community and the 

management of OA.   
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It has commonly been assumed by medical professionals and reported by patients that 

obesity and physical inactivity were secondary to the OA and the accompanying pain and 

physical limitations. More recently, it has been suggested that obesity and physical inactivity 

should be treated as separate medical issues since they do not appear to improve with the 

restored function and reduced pain following TKA (Heisel, Silva et al., 2005; Unver, Karatosun et 

al., 2009). Most studies indicate that TKA does not result in decreased body weight. In fact, it 

has been frequently reported that body weight often increases after TKA (Woodruff and Stone, 

2001; Aderinto, 2005; Heisel, Silva et al., 2005; Unver, Karatosun et al., 2009; Zeni and Snyder-

Mackler, 2010).  Most patients report the ability to return to regular activities such as walking, 

hiking, and swimming, with some patients even returning to sports like tennis and jogging 

(Foran, Mont et al., 2004; Loughead, Malhan et al., 2008; Jones, Cox et al., 2012). Despite the 

ability to return to these activities, it appears that poor exercise habits that preceded surgery 

are likely to return following the initial recovery period, which may result in long-term 

functional abilities that are significantly compromised (Bradbury, Borton et al., 1998).  Based on 

the limited data available, it appears that obesity and physical inactivity, which are major 

contributors to the development and progression of OA, remain after TKA. Thus, functional 

recovery, such as general mobility, gait mechanics, walking endurance, ability to walk stairs, 

freedom from pain, and quality of life, may not be as thorough and lasting as could be 

expected.  

The role of exercise therapy and intervention has received relatively little attention with 

regard to the long term outcomes following a TKA. Exercise interventions, including both 

aerobic and strength training, have been shown to improve aerobic fitness, mobility, 
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coordination, and body composition; increase muscle mass and bone density; and reduce 

depression and anxiety in many clinical populations (Barry and Eathorne, 1994; Butler, Davis et 

al., 1998), all of which are relevant for obese patients after a TKA. However, few exercise 

interventions have been conducted in TKA patients. The few pre-operative and early post-

operative studies, including an exercise intervention focusing on rehabilitation of the injured 

area, have shown that increasing strength is predictive of better function one year after surgery 

(Beaupre, Lier et al., 2004; Mizner, Petterson et al., 2005; Topp, Swank et al., 2009). In one of 

the only exercise interventions in patients more than one year from TKA, LaStayo and 

colleagues conducted a pilot study using a 12 week strength training program designed to 

improve muscle strength in the quadriceps and reported significant increases in strength and 

mobility (LaStayo, Meier et al., 2009). These preliminary data offer promise that exercise 

interventions can improve the long term function and outcomes from TKA.    

Any potential exercise intervention in obese TKA patients must balance improving 

physical fitness levels and minimizing wear on the prosthesis. Although there have been few 

studies evaluating the biomechanical stress that common activities place on the knee joint, post 

joint replacement exercise recommendations are available based on a survey of 54 members of 

Hip and Knee Society who provided their expert opinion on common sporting activities. 

Activities that were recommended consisted of exercises such as stationary cycling, swimming, 

walking, golf, low impact aerobics, weight machines, and dancing (Healy, Lorio et al., 2000). In 

addition to minimizing wear on the joint, consideration has to be given to motivation to 

become physically active.  OA and obese TKA patients are routinely advised to become more 

physically active and lose weight before surgery. However, reports indicate that only about one 
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third of patients are successful at increasing physical activity and ultimately reducing body 

weight (Borland and Jennings, 2011). Howarth et al assessed barriers to weight loss in obese 

patients with knee OA and while 29% reported pain as major barrier, nearly 90% reported lack 

of motivation to be the largest barrier to weight loss (Howarth, Inman et al., 2010).  For an 

exercise intervention to be successful, these barriers must be carefully considered in the 

exercise program. 
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CHAPTER III 

MANUSCRIPT 1 

PHYSICAL FUNCTION AND ACTIVITY IN OBESE PATIENTS ONE YEAR AFTER TOTAL KNEE 
ARTHOPLASTY
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INTRODUCTION

Obesity is associated with a number of health-related conditions detrimental to general 

health and specifically the musculoskeletal system (Anandacoomarasamy, Fransen, & March, 

2009; Anandacoomarasamy et al., 2012). Obese individuals have excess body weight which 

directly and indirectly stresses the joints, particularly at the knee, abnormally which increases 

the deterioration of the protective soft tissues in the joint structures (Abramson, Attur, & Yazici, 

2006; Powell, Teichtahl, Wluka, & Cicuttini, 2005).  Thus, obesity is a strong risk factor for 

development of OA (Centers for Disease & Prevention, 2011; Murphy & Helmick, 2012; 

Stürmer, Günther, & Brenner, 2000) and obese individuals have a substantially higher rate than 

non-obese individuals of total knee arthroplasty (TKA) (Bourne, Mukhi, Zhu, Keresteci, & Marin, 

2007; De Guia, Zhu, Keresteci, & Shi, 2006; Liu et al., 2007; Wendelboe et al., 2003; Wright et 

al., 2010).  

Although the associations between obesity and OA and obesity and incidence of TKA are 

reasonably well described, the implications of obesity on TKA rehabilitation and long-term 

functional recovery are not sufficiently understood. All patients, regardless of body weight, 

appear to experience decreased pain and improved function following TKA (Unver, Karatosun, 

Bakirhan, & Gunal, 2009). However, there is some evidence recounting worse long-term 

outcomes among obese patients. Morbidly obese patients are over five times more likely than 

normal weight patients to experience complications and device failure within five years of TKA 
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(Dewan et al., 2009).  Obese individuals have higher reported need for additional surgical 

revision to adjust or repair the TKA, and although functional abilities improve following TKA, 

outcomes are significantly poorer when compared to normal weight patients (Foran et al., 

2004; Singh, O'Byrne, Harmsen, & Lewallen, 2010). Functional abilities i.e. completion of 

activities of daily living and exercise capacity are not well researched after the initial 

rehabilitation programs are completed; leaving the long-term durability of these initial 

rehabilitation programs in question.  

The impact of obesity is compounded by low levels of physical activity. Physical 

inactivity has been reported to have similar negative effects following joint replacement. 

Inactive patients have been reported to have higher surgical revision rates and loosening of the 

joint, and lower function scores, than those who are physically active (Gschwend, Frei, 

Morscher, Nigg, & J., 2000; Kilgus, Dorey, Finerman, & Amstutz, 1991). It has commonly been 

assumed by medical professionals and reported by patients that obesity and physical inactivity 

were secondary to the OA and the accompanying pain and physical limitations. More recently, 

it has been suggested that obesity and physical inactivity should be thought of as separate 

medical issues since they do not appear to improve with the restored function and reduced 

pain following TKA (Heisel, Silva, Rosa, & Schmalzried, 2005; Unver et al., 2009). Most studies 

indicate that TKA does not result in decreased body weight. In fact, it has been frequently 

reported that body weight often increases after TKA (Aderinto, 2005; Heisel et al., 2005; Unver 

et al., 2009; Woodruff & Stone, 2001; Zeni & Snyder-Mackler, 2010).   
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Most clinical evaluations indicate patients report the ability to return to regular 

activities such as walking, hiking, and swimming, with some patients even returning to sports 

like tennis and jogging (Foran et al., 2004; Jones, Cox, Jhangri, & Suarez-Almazor, 2012; 

Loughead et al., 2008). Despite the ability to return to these activities, it appears that poor 

exercise habits that preceded surgery are likely to return following the initial recovery period, 

which may result in long-term functional abilities that are significantly compromised (Bradbury, 

Borton, Spoo, & Cross, 1998).  Based on the limited data available, it appears that obesity and 

physical inactivity, which are major contributors to the development and progression of OA, 

remain after TKA. Thus, functional recovery, such as general mobility, gait mechanics, walking 

endurance, ability to walk stairs, freedom from pain, and quality of life, may not be as thorough 

and lasting as could be expected.  

This purpose of this investigation was to evaluate physical function, physical activity 

levels, and quality of life in obese patients one year following a total knee arthroplasty.
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MATERIALS AND METHODS 

Participants 

Thirty four obese patients who were 10 to 18 months post total knee arthroplasty 

volunteered to complete surveys and participate in a functional assessment. Patients were 

required to have medical clearance to participant in exercise testing. Patients were identified 

and recruited from surgical follow up clinics at Campbell Clinic Orthopaedics. Prior to consent 

each participant was prescreened by phone for physical activity level and health status by a 

research nurse. Participants were informed of all procedures, potential risks, and benefits 

associated with the study with procedures approved by the University of Tennessee Health 

Science Center Institutional Review Board for Human Subjects research. Eligibility was verified 

with health and medical history and physical activity survey to verify eligibility during the initial 

visit.  All participants signed an informed consent prior to enrollment on the study. 

Anthropometrics  

Height and weight were collected without shoes using a digital clinic scales and a wall 

mounted stadiometer. Body composition was measured using standardized skinfold measures 

developed by Jackson and Pollock and described in detail by the American College of Sports 

Medicine (Jackson & Pollock, 1985; American College of Sports Medicine, 2010). Skinfolds were 

measured with Lange skinfold caliper (Beta Technology, Santa Cruz, CA, 95060) recorded at the 
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chest, abdomen and thigh in males and triceps, suprailiac crest, and thigh in females. Sum of 

skinfolds measured were used to calculate percentage body fat using two stage predictive 

equations by first calculating body density and then body fat percentage (Jackson & Pollock, 

1985; American College of Sports Medicine, 2010).  BMI was calculated by dividing kilograms of 

body weight by height in meters squared. Waist and hip circumference was measured using a 

Gullick II tape measure at the narrowest point between the umbilicus and the xiphoid process 

and the widest point between umbilicus and the knee, respectively.  

Physical Function 

Heart rate, blood pressure, and respirations were measured following a five minute 

quiet seated rest period.  Walk endurance was measured using the 6MW, which consists of 

continuous walking at a self-selected walk pace in accordance with the American Thoracic 

Society guidelines (ATS Committee on Proficiency Standards for Clinical Pulmonary Function 

Laboratories, 2002). During the 6MW, participants were encouraged to walk as quickly as 

possible for six minutes on the designated walk path. Participants could stop and rest as needed 

during the test, however the test timer did not stop. Distance walked in six minutes will be 

recorded. Predicted walk distances were based on previously published predictive equations 

based on healthy adults (Enright & Sherrill, 1998).  

Passive and active range of motion at the knee was measured by a licensed physical 

therapist using a goniometer. Participants were instructed to flex and extend the knee as far as 

possible and results were recorded at the terminal range in degrees. Knee extension strength 

was measured using a handheld dynamometer. The participants were seated with the knee 
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positioned at 60 degrees and the dynamometer was placed 20 centimeter below the tibial 

tuberosity. The participant was instructed to extend their lower leg against the dynamometer 

as hard as possible.  Three trials were performed on each leg with one minute rest between.   

Predicted strength values were based on previously published gender based normative ranges 

in healthy adults (Andrews, Thomas, & Bohannon, 1996).   

Self-Reported Knee Function and Health Related Quality of Life 

 The Western Ontario and McMaster University Osteoarthritis Index (WOMAC) used to 

survey to assess pain, function, and quality of life in patients with OA of the knee (Quintana et 

al., 2006). WOMAC scoring yields one composite (0 to 96) and 3 subscales: pain (0 to 20), 

stiffness (0-8), and physical function (0-68). Responses to each question range from zero 

indicating none to four indicating severe. Higher scores on the composite or subscales indicate 

worse pain, stiffness, or function. The composite and subscales have been shown valid 

(Spearman correlations from 0.63 to 0.67) and reliable (Cronbach’s alphas from 0.86 to 0.95) 

(Bullens, van Loon, de Waal Malefijt, Laan, & Veth, 2001; Dunbar, Robertsson, Ryd, & Lidgren, 

2001).  

Health related quality of life was assessed using the Medical Outcomes Study short form 

36 version 2 (Ware, 2004; Ware, Snow, Kosinski, & Gandek, 1993). The SF36 is a commonly 

used questionnaire used to assess health related quality of life. The survey is generic health 

survey which has been used in many populations including obese and osteoarthritis populations 

(Bohannon & DePasquale, 2010; Ware, 2000).  Scores were calculated for eight health domains 

(mental health, role physical, physical function, vitality, social function, bodily pain, role 
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emotional, and general health), the physical component survey (PCS) and mental component 

survey (MCS). Survey responses were summed to generate raw scores in each subscale and 

health domain and used to create general population norm-based scoring (t scores with a 

population mean of 50 and a standard deviation of 10 using previously prescribed methodology 

(Ware, 2004; Ware, 2000; Ware et al., 1993). Scores were considered poor if the normalized 

scores (T-Scores) were less than 37 which correspond to the lowest 10th percentile of the 

general population. Scores were considered to be average or better if the normalized scores (T-

Scores) were greater than 48 which correspond to the >40th percentile of the general 

population. 

Physical Activity Levels 

 Physical activity was assessed using the Nation Health and Nutrition Examination Survey 

(NHANES) Physical Activity Questionnaire (PAQ) version 2009 (Available at 

http://www.cdc.gov/nchs/nhanes/nhanes2009-2010/PAQ_F.htm). The survey consists of 

questions about daily, leisure time, and sedentary activities.  Each value was carefully reviewed 

with each participant to ensure accuracy. Minutes per week spent doing vigorous or moderate 

physical activity was calculated from responses to daily (work) and leisure time activities. 

Sedentary time was collected and reported in hours per day. Screen time was evaluated 

separately as television and computer time. Responses were less than one hour, one hour, two 

hours, three hours, four hours, and five hours or more.  
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All testing was completed by the same clinical exercise physiologist, with the exception 

of lower extremity range of motion and the WOMAC index which were completed by a licensed 

physical therapist.  

Data Analysis 

All data reduction, processing, and analysis for this project were generated using SAS 

software, version 9.2 of the SAS system for Windows (SAS Institute, Cary, NC, USA).  The 

outcomes of this project are primarily descriptive as such statistical analysis consisted of 

calculating means and standard deviations for each measure. Reference ranges were 

constructed from population based normative equations and references where available.  
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RESULTS 

Patient Characteristics 

Patient characteristics can be found in Table 1.1. Patients included in this project were 

comprised of 24 females and 10 males.  Average age was 65.0 ±9.5 years old (mean± standard 

deviation). Participants had a normal resting heart rate (77.1±7.4 bpm), borderline hypertensive 

systolic blood pressure (132.1±8.8 mmHg) and pre-hypertensive diastolic blood pressure 

(82.0±4.1 mmHg). Two participants (5.9%) were current smokers. All had medical clearance and 

none were currently receiving medical treatment for an acute medical issue.  

Anthropometrics 

Patient anthropometrics can be found in Table 1.1.  Participants were 164.1±9.9 cm tall, 

and weighted 99.7±17.5 kg which corresponds to an average BMI of 36.9±4.8 kg/m2. All 

patients had a BMI over 30 kg/m2 indicating obesity. Mean sum of skinfolds were 133.4±18.7 

mm which corresponds to a body fat percentage of 41.3±5.2%.  Males in our study had slightly 

lower body fat (34.8±3.6% vs 44.0±2.8%), BMI (36.1±4.3 30 kg/m2 vs. 37.3±5.1 kg/m2), skinfolds 

(121.4±19.4 mm vs 138.4±16.3mm) and higher waist to hip ratios (0.97±0.06 vs 0.88±0.06) 

compared to females in our study. 
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Knee Range of Motion 

Active knee extension ranged from 8 degrees of hyperextension to 15 degrees lacking 

full extension. The average active knee extension was 2.1±4.5 degrees on the left and 2.5±5.2 

degrees on the right. Active knee extension limb difference was 4.2±3.7 degrees with a range of 

0 to 14 degrees. Active knee flexion ranged from 84 degrees to 140 degrees. The average active 

knee flexion was 119.2±10.6 degrees on the left and 120.6±11.4 degrees on the right. Active 

knee extension limb difference was 8.8±7.0 degrees with a range of 0 to 31 degrees.  

 

Table 1.1. Patient characteristics 
 

 Total 
(N=34) 

Male 
(n=10) 

Females 
(n=24) 

 N (%) N (%) N (%) 
Smoker 2 (5.9) 0 (0) 2 (5.9) 
Bilateral TKA 10 (29.4) 2 (5.9) 8 (23.5) 
    
 Mean±SD Mean±SD Mean±SD 
Age (yrs) 65.0±9.5 62.7±8.9 66.0±9.8 
Height (cm) 164.1±9.9 174.3±10.5 159.8±5.8 
Weight (kg) 99.7±17.5 110.8±22.2 95.1±13.1 
BMI (kg/m2) 36.9±4.8 36.1±4.2 37.3±5.0 
Bodyfat (%) * 34.8±3.6 43.9±2.8 
Skinfolds (mm) 133.4±18.7 131.6±16.9 138.4±16.3 

Waist to hip 0.91±0.07 0.96±0.06 0.88±0.06 
*Calculations of body fat percentage are gender specific. 
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Knee Extensor Strength 

Knee extension strength ranged from 8.7 kg to 43.0 kg. The average knee extension 

strength was 23.8±7.0 kg on the left and 25.4±8.1 kg on the right. Knee extension strength 

difference was 3.3±2.9 kg with a range of 0.2 to 11.2 kg. Percent of predicted strength based on 

gender based normative data were 81.1±20.9%. Thirteen patients (38.2%) failed to reach 75% 

of their predicted knee extension strength values.  

Walk Performance 

Total distance walked during six minutes ranged from 152.0 meters to 471.2 meters. 

The average distance walked during six minutes was 321.3±74.0 meters. Percent of predicted 

walk distance based on gender based prediction equation were 75.3±18.1%. Seventeen 

patients (50.0%) failed to reach 75% of their predicted walk distance during the six minute walk 

test. Average peak heart rate during the six minute walk was 107.1±12.2 bpm. Average peak 

rating of perceived exertion was 10.7±2.9 on the Borg scale.  

Self-Reported Knee Function  

 WOMAC scores can be found in Table 1.2. WOMAC composite scores were 19.9±13.4 

points out of a possible 96 points with a minimum of 3 and maximum of 51. The function 

subscale scores were 14.4±10.4 points out of a possible 68 points with a minimum of 1 and 

maximum of 38. Pain subscale scores were 3.1±2.5 points out of a possible 20 point with a 

minimum of 0 and a maximum of 9.  Stiffness subscale scores were 2.4±1.4 points out of a 

possible 8 points with a minimum of 0 and a maximum of 6 points.  
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Self-Reported Health Related Quality of Life  

 Self-Reported Health Related Quality of Life scores can be found in Table 1.3. 

Participants had a mean of 39.5±9.2 on the Physical Component Scale (PCS). Normative scores 

on the Physical functioning sub-scale were 35.8±10.4. Twelve patients (35.3%) scored poorly on 

the PCS scale indicating their scores were in the lowest 10th percentile of general population. In 

addition, eighteen patients (52.9%) scored poorly on the physical function sub-scale indicating 

their scores were in the lowest 10th percentile of general population. While only five patients 

(14.7%) scored average or better (≥40th percentile) indicating normal physical performance on 

the PCS.  In addition, only four (11.8%) scored average or better (≥40th percentile) indicating 

normal physical performance on the physical function subscale. Role physical sub-scale 

(41.4±11.9) and bodily pain subscales (44.9±9.7) were slightly below the normative values. 

Participants had a mean slightly above the predicted normal (54.5±9.7) on the Mental 

Component Scale (MCS). Social functioning, mental health, and general health sub scales were 

all with the normative ranges (49.1+9.7, 52.1±10.5, and 49.9±8.1, respectively).  

 

Table 1.2 Knee Related Quality of Life 
 
 Mean ± SD Range 
WOMAC   

Composite Score (0-96) 19.9±13.4 3.0; 51.0 
Function (0-68) 14.4±10.4 1.0; 38.0 

Pain (0-20) 3.1±2.5 0.0; 9.0 
Stiffness (0-8) 2.4±1.4 0.0; 6.0 
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Table 1.3 Health Related Quality of Life  
 
   <10th Percentile ≥40th Percentile 
 Mean ± SD RANGE n (%) n (%) 

PCS 39.5±9.2 20.1; 54.1 12 (35.3) 4  (11.8) 
MCS 54.5±9.2 20.4; 66.2 2 (5.9) 32 (94.1) 

MHnorm 52.1±10.5 21.8; 64.1 2 (5.9) 24 (70.6) 
PFnorm 35.8±10.4 19.2; 54.9 18 (52.9) 5 (14.7)  
REnorm 47.1±13.1 9.2; 55.9 8 (23.5) 5 (14.7) 
RPnorm 41.4±11.9 20.1; 56.6 11 (32.3) 10 (29.4) 
SFnorm 49.1±9.7 13.2; 56.8 4 (11.8) 22 (64.7) 
VTnorm 50.8±6.9 36.5; 67.7 2 (5.9) 17 (50.0) 
GHnorm 49.9±8.1 31.5; 63.9 2 (5.9) 19 (55.9) 
BPnorm 44.9±9.7 19.9; 55.4 5 (14.7) 19 (55.9) 

 

Physical Activity Levels 

 No patients reported completing any vigorous physical activity during daily or leisure 

time activities in the past 30 days. Patients on average reported completing 16.3+27.3 minutes 

of moderate intensity physical activity per week with twenty three patients (67.8%) reporting 

no physical activity in the past 30 days. Patients reported 10.0±2.8 hours per day of sedentary 

time. Ten patients (29.4%) reported more than five hours per day of television watching while 

thirteen patients (38.1%) report one hour or less of computer use per day.
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DISCUSSION  

 The management of knee osteoarthritis and its debilitating symptoms has advanced 

significantly in recent decades (Dieppe & Brandt, 2003; Foran et al., 2004; Van Manen, Nace, & 

Mont, 2012). These advancements necessitate the evaluation of the long term outcomes after 

total knee replacement. This is particularly important in the growing number of obese patients 

receiving TKA. Our findings indicate that patients have physical limitations and low levels of 

physical activity that persist after recovery from TKA. Furthermore, patients reported 

limitations are confirmed with objective assessment of physical performance.  

This investigation is one of the first to evaluate obese patients to describe physical 

function both objectively and subjectively one year after TKA. The recovery from TKA has been 

reasonably well described up to about 6 months post operation. This period is marked by rapid 

recovery from surgery, restoration of independence, and significant improvements from pre-

surgery functional and quality of life. After six months, the recovery is less well documented 

and based on limited data available appears to slow.  Our results indicate that obese TKA 

patients remain well below age predicted references on the six minute walk distance, and leg 

extensor strength one year after surgery.  

Although the data in obese patients with one year of follow up are sparse, our results 

appear consistent with previous studies in normal weight patients showing around 20% deficit 

in knees extensor strength in those 6 to 33 months post TKA as compared to healthy controls 
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(Berman, Bosacco, & Israelite, 1991; Berth, Urbach, & Awiszus, 2002). Our patients on average 

achieved approximately 81% of gender predicted strength values. However, over one third 

(38.2%) of our patients were not able to achieve 75% of their gender based reference strength 

values. Although this is far from a majority, this is a clinically concerning subset of participants 

who are at particular risk due to excess body weight whose physical function may be limited by 

muscle weakness. These are particularly concerning because knee extensor strength has been 

reported to be a significant predictor of long term satisfaction with TKA (Mizner, Petterson, 

Stevens, Axe, & Snyder-Mackler, 2005). 

Six minute walk distances were also well below age and gender predicted values in our 

population. Half of the patients in our study were not able to walk at least 75% of their 

predicted distance based on gender and body size. Although not completely analogous our 

results are in agreement with Yoshida et al noted significantly decreased walk distance in a 

group of normal to overweight patients at three months and one year after TKA (Yoshida, 

Mizner, Ramsey, & Snyder-Mackler, 2008). Surprisingly, the six minute walk distances in our 

patients were notably lower than many other reported walk distances in normal to overweight 

but not obese patient populations (Kennedy, Stratford, Riddle, Hanna, & Gollish, 2008; Yoshida 

et al., 2008).   

In addition, our results indicate that patients report impairments in physical function on 

both the SF36 and WOMAC scales. This is similar to previously published studies where patients 

self-reported physical performance limitations as long as two years after TKA (Foran et al., 

2004; Walsh, Woodhouse, Thomas, & Finch, 1998). While no absolute or clinical cutoffs for 
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exist for the WOMAC scale, our patients still report mild to moderate functional limitation, pain 

and stiffness in their knees which is similar to previous reports and indicates incomplete 

recovery from TKA (Bourne, Chesworth, Davis, Mahomed, & Charron, 2010).  The more global 

assessment of health related quality of life (SF36) which showed that a majority of our patients 

report poor physical function.  Interestingly despite the physical limitations that remain after 

TKA, patients in our study report similar vitality, general health, and mental health compared to 

the general population. These findings are similar to previous reports which indicate patients 

report physical limitation but are otherwise on par with the general population (Loughead et 

al., 2008).  

Physical activity has been a commonly reported risk factor for development and 

progression of knee OA. Low preoperative levels of physical activity are well documented and 

commonly assumed are result of preoperative pain. Our results agree with previous reports 

that physical activity levels remain low after TKA and recovery (Heisel et al., 2005; Unver et al., 

2009). None of patients in our study reached the ACSM and CDC guidelines of 150 minutes of 

physical activity per week (Whaley, 2006). Nearly 70% of our patients reported no physical 

activity in the past 30 days. In addition to very low amounts of physical activity, our patients 

reported high levels of sedentary behavior which is an extremely concerning pattern. The large 

amounts of sedentary behavior and lack of physical activity further exacerbates the physical 

performance limitation and deconditioning following TKA.   
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This research project is not without limitation which must be considered when 

interpreting the results. First this is a cross sectional study and does not afford the opportunity 

to evaluate the pre-operative body habitus, functional abilities or quality of life of the patient. 

In addition, we were not able to evaluate the surgical techniques employed, complications 

during surgery, or post-operative therapy programs which could influence the outcomes at one 

year. Secondly, this was a convenient sample which was recruited from orthopedic surgery 

follow up clinic. Although, the patients were pretty typical of those routinely seen in the clinic it 

is possible that selection bias exists which could influence the outcomes.   

Future research including longitudinal evaluate of obese patients is needed to 

determine if pre-operative factors are predictive of long term functional outcomes with special 

attention to the role excess body weight may play. In addition, the number of obese patients 

receiving TKA has increased dramatically in the past decade. More careful evaluation of the 

post-operative rehabilitation programs is needed with specific emphasis on how effectively the 

current programs address functional recovery in obese patients. In addition, interventions 

focused on improving the long term functional abilities in obese individuals appear warranted 

based on our results.  

This cross sectional evaluation of obese individuals one year post TKA provides evidence 

that while quality of life and patient satisfaction with the TKA may be improved; it is despite 

significant performance and functional limitations which are apparent in both direct 

assessment and patient responses. Furthermore, obese patients may have physical 

performance limitations which remain well after patients have been released from post-
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operative rehabilitation. These limitations may be exacerbated by increased body weight and 

decreased physical activity. The combination of residual strength and conditioning deficits after 

TKA, low levels of physical activity, and increased physiological and biomechanical pressure 

from excess body weight make these patients particularly vulnerable.  
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APPENDIX B: APPROVAL LETTERS 

 
THE UNIVERSITY OF TENNESSEE 
Health Science Center 
 
June 11, 2014 
 
WEBB A SMITH 
UTHSC - COAHS - Physical Therapy 
 
 

 
Institutional Review Board 910 Madison Avenue, Suite 600 

Memphis, TN 38163 
Tel: (901) 448-4824 

 

Re:  13-02822-XP UM 
Study Title: Feasibility and effect of incorporating the Fitbit fitness tracking technology into 
a prescribed exercise intervention program to improve long-term function in obese 
individuals one year following total knee arthroplasty 

 
Dear Mr. SMITH: 

 
The Administrative Section of the UTHSC Institutional Review Board (IRB) reviewed your 
application for 
revision of your previously approved project, referenced above. 

 
The IRB determined that your application is eligible for expedited review under 45 CFR 
46.110(b)(2). The attached revisions were approved as complying with proper 
consideration of the rights and welfare of human subjects and the regulatory 
requirements for the protection of human subjects. Approval does not alter the 
expiration date of this project, which is October 30, 2014. 

 
In the event that subjects are to be recruited using solicitation materials, such as 
brochures, posters, web- based advertisements, etc., these materials must receive prior 
approval of the IRB. Any revisions in the approved application must also be submitted 
to and approved by the IRB prior to implementation. In addition, you are responsible 
for reporting any unanticipated serious adverse events or other problems involving risks 
to subjects or others in the manner required by the local IRB policy. 
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Finally, re-approval of your project is required by the IRB in accord with the conditions 
specified above. You may not continue the research study beyond the time or other limits 
specified unless you obtain prior written approval of the IRB. 

 
Sincerely, 

 

 
Signature applied by Donna L Stallings on 06/11/2014 01:26:04 PM CDT 

 
Signature applied by Terrence F Ackerman  on 06/11/2014 01:26:33 PM CDT 

 
Donna Stallings, CIM                                                                               Terrence F. Ackerman, Ph.D. 
IRB Administrator                                                                                     Chairman 
UTHSC IRB                                                                                              UTHSC IRB 

 
Attachment: Revisions 
 

Webb Smith 
Re: 13-02822-XP UM 
June 11, 2014 

 
1. The study application was updated to version 1.6 to (a) add Tyler Ward as research 

support staff 
Page 2 of 2 
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From: Beverly Jacobik (bjacobik) On Behalf Of Institutional Review Board 
Sent: Friday, March 14, 2014 12:56 PM 
To: James G Gurney (jggurney); Lisa Jane Krull (ljkrull) 
Subject: IRB Approval 3036 

 

Hello, 

The University of Memphis Institutional Review Board, FWA00006815, has reviewed and 
approved your submission in accordance with all applicable statuses and regulations as well as 
ethical principles. 

PI NAME: James Gurney 
CO-PI: William M. Milhalko, John Williams 
PROJECT TITLE: Feasibility and effect of incorporating the Fitbit fitness tracking technology into 
a prescribed exercise intervention program to improve long-term function in obese individuals 
one year following total knee arthroplasty 
FACULTY ADVISOR NAME (if applicable): N/A 

IRB ID: #3036 
APPROVAL DATE: 3/5/2014 
EXPIRATION DATE: 10/30/2014 
LEVEL OF REVIEW: Expedited Modification 

RISK LEVEL DETERMINATION:No more than minimal 

Please Note: Modifications do not extend the expiration of the original approval 

Approval of this project is given with the following obligations: 

1. If this IRB approval has an expiration date, an approved renewal must be in effect to 
continue the project prior to that date. If approval is not obtained, the human consent 
form(s) and recruiting material(s) are no longer valid and any research activities involving 
human subjects must stop.  

2. When the project is finished or terminated, a completion form must be completed and sent 
to the board. 

3. No change may be made in the approved protocol without prior board approval, whether 
the approved protocol was reviewed at the Exempt, Exedited or Full Board level. 
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4. Exempt approval are considered to have no expiration date and no further review is 
necessary unless the protocol needs modification. 

Approval of this project is given with the following special obligations: 

 

Thank you, 

Ronnie Priest, PhD 

Institutional Review Board Chair 

The University of Memphis. 

Note: Review outcomes will be communicated to the email address on file. This email should 
be considered an official communication from the UM IRB. Consent Forms are no longer being 
stamped as well. Please contact the IRB at IRB@memphis.edu if a letter on IRB letterhead is 
required. 
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From: irb@olemiss.edu [mailto:irb@olemiss.edu]  
Sent: Monday, May 19, 2014 1:29 PM 
To: Webb Smith (wasmith1); Mark Loftin 
Cc: JOHN C GARNER 
Subject: IRB Exempt Approval of 14x-248 

Mr. Smith:   

 This is to inform you that your application to conduct research with human participants, “Effect 
of incorporating the Fitbit fitness tracking technology into a prescribed exercise intervention 
program to improve long-term function in obese individuals one year following total knee 
arthroplasty" (Protocol #14x-248), has been approved as Exempt under 45 CFR 46.101(b)(#4). 

Please remember that all of The University of Mississippi’s human participant research 
activities, regardless of whether the research is subject to federal regulations, must be guided 
by the ethical principles in The Belmont Report: Ethical Principles and Guidelines for the 
Protection of Human Subjects of Research. 

It is especially important for you to keep these points in mind: 

•             You must protect the rights and welfare of human research participants. 

•             Any changes to your approved protocol must be reviewed and approved before 
initiating those changes. 

•             You must report promptly to the IRB any injuries or other unanticipated problems 
involving risks to participants or others. 

If you have any questions, please feel free to contact the IRB at irb@olemiss.edu. 

Jennifer Caldwell, PhD 

Senior Research Compliance Specialist, Research Integrity and Compliance 

The University of Mississippi  

212 Barr 

University, MS 38677-1848 

U.S.A. 

+1-662-915-5006 

irb@olemiss.edu | www.olemiss.edu 
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This message is the property of The University of Mississippi and is intended only for the use of 
Addressee(s)and may contain information that is PRIVILEGED, CONFIDENTIAL and/or EXEMPT 
FROM DISCLOSURE under University policy or applicable law. If you are not the intended 
recipient, you are hereby notified that any disclosure, copying, distribution, or use of the 
information contained herein is STRICTLY PROHIBITED. If you receive this communication in 
error, please destroy all copies of the message, whether in electronic or hardcopy format, as 
well as attachments and immediately contact the sender by replying to this e-mail. 
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APPENDIX C: HEALTH AND MEDICAL HISTORY 

FedEx Institute of Technology: Knee Rehabilitation Project Protocol  
 
 Study ID: __________ Tester Initials: ______ Page 1 of 1  
 Appendix A: Health and medical history  
Name: _______________________________________ Date of Birth: __________  
Address: _______________________________________  
City: ____________ ____ State: ____ Zip: ______  
Phone: ________________ Email: _______________________  
Preferred Contact Method: Phone or Email  
Best time (s) to contact you by phone:  
1) ___________________________  
2) ___________________________  
3) ___________________________  
Health and Medical History:  
1) Has a physician ever told you that you have a heart condition? Yes or No  
2) Do you have pains in your chest or heart? Yes or No  
3) Have you lost consciousness or fell as a result of dizziness? Yes or No  
4) Do you currently smoke? Yes or No  
If yes: how many years? _____; how many packs per day? ____  
5) Have you ever been a regular smoker? Yes or No  
If yes: When did you quit? ________; years _____; packs per day? ____  
6) Do you have high blood pressure? Yes or No  
7) Do you have diabetes or high blood sugar? Yes or No  
8) Do you have a bone or joint condition that could be aggravated by exercise? Yes or No  
9) Is there any reason not mentioned here why you should not exercise? Yes or No  
10) Have you talked to your doctor about participating in an exercise program? Yes or No  
11) Do you have any other medical or physical limitations that would prevent you from 
participating in an exercise program? Yes or No  
If yes, please specify: 
______________________________________________________________________________
__________________________________________________________________  
12) Are you currently taking any medications?  
If yes, please list the medication and the reason for prescription: 
______________________________________________________________________________
__________________________________________________________________  
Comments: 
______________________________________________________________________________
____________________________________________________________  
Completed by: _________________________ Date:_____________  
 

 IRB NUMBER: 13-02822-XP UM IRB APPROVAL DATE: 12/10/2013
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APPENDIX D: PHYSICAL ACTIVITY:  PAQ (NHANES) 
 
PAQ.605 Next I am going to ask you about the time you spend doing different types of 
physical activity in a typical week.  
 
Think first about the time you spend doing work. Think of work as the things that you to do 
such as paid or unpaid work, household chores, and yard work.  
 
Does your work involve vigorous-intensity activity that causes large increases in breathing or 
heart rate like carrying or lifting heavy loads, digging or construction work for at least 10 
minutes continuously?  
YES ............................................................... 1  
NO................................................................. 2 (PAQ.620)  
REFUSED ..................................................... 7 (PAQ.620)  
DON'T KNOW ............................................... 9 (PAQ.620)  
 
PAQ.610 In a typical week, on how many days do you do vigorous-intensity activities as part 
of your work?  
 
PROBE IF NEEDED: Vigorous-intensity activity causes large increases in breathing or heart rate 
and is done for at least 10 minutes continuously.  
 
INTERVIEWER: REMEMBER, WE ARE ONLY ASKING ABOUT WORK AND CHORES IN THIS 
QUESTION.  
HARD EDIT: 1-7.  
ERROR MESSAGE: THE NUMBER OF DAYS SHOULD BE BETWEEN 1 AND 7.  
 
|___|___|  
ENTER NUMBER OF DAYS  
REFUSED .................................................. 77 (PAQ.620)  
DON'T KNOW ............................................ 99 (PAQ.620) 
 
PAQ.615 How much time do you spend doing vigorous-intensity activities at work on a typical 
day?  
Q/U  
PROBE IF NEEDED: Think about a typical day when {you do/he does/she does} vigorous-
intensity activities during {your/his/her} work.  
 
PROBE IF NEEDED: Vigorous-intensity activity causes large increases in breathing or heart rate 
and is done for at least 10 minutes continuously.  
 
INTERVIEWER: REMEMBER, WE ARE ONLY ASKING ABOUT WORK AND CHORES.  
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SOFT EDIT: >4 HOURS.  
ERROR MESSAGE: INTERVIEWER, YOU HAVE RECORDED THAT THE SP SPENDS MORE THAN 4 
HOURS DOING VIGOROUS-INTENSITY ACTIVITIES AT WORK ON A TYPICAL DAY. PLEASE 
CONFIRM WITH SP THAT OVER 4 HOURS IS CORRECT.  
HARD EDIT: >24 HOURS.  
HARD EDIT: <10 MINUTES.  
ERROR MESSAGE: THE TIME SHOULD BE 10 MINUTES OR MORE, BUT LESS THAN 24 HOURS.  
 
|___|___|___|  
ENTER NUMBER OF MINUTES OR HOURS  
 
REFUSED ............................................... 777 (PAQ.620)  
DON'T KNOW ......................................... 999 (PAQ.620)  
ENTER UNIT  
MINUTES ...................................................... 1  
HOURS ......................................................... 2  
 
PAQ.620 Does your work involve moderate-intensity activity that causes small increases in 
breathing or heart rate such as brisk walking or carrying light loads for at least 10 minutes 
continuously?  
YES ............................................................... 1  
NO................................................................. 2 (PAQ.635)  
REFUSED ..................................................... 7 (PAQ.635)  
DON'T KNOW ............................................... 9 (PAQ.635) 
 
PAQ.625 In a typical week, on how many days do you do moderate-intensity activities as part 
of your work?  
 
PROBE IF NEEDED: Moderate-intensity activity causes small increases in breathing or heart rate 
and is done for at least 10 minutes continuously.  
INTERVIEWER: REMEMBER, WE ARE ONLY ASKING ABOUT WORK AND CHORES.  
HARD EDIT: 1-7.  
ERROR MESSAGE: THE NUMBER OF DAYS SHOULD BE BETWEEN 1 AND 7.  
 
|___|___|  
ENTER NUMBER OF DAYS  
REFUSED .................................................. 77 (PAQ.635)  
DON'T KNOW ............................................ 99 (PAQ.635)  
 
PAQ.630 How much time do you spend doing moderate-intensity activities at work on a 
typical day?  
Q/U  
PROBE IF NEEDED: Think about a typical day when {you do/he does/she does} moderate-
intensity activities during {your/his/her} work.  
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PROBE IF NEEDED: Moderate-intensity activity causes small increases in breathing or heart rate 
and is done for at least 10 minutes continuously.  
 
INTERVIEWER: REMEMBER, WE ARE ONLY ASKING ABOUT WORK AND CHORES.  
SOFT EDIT: >4 HOURS.  
ERROR MESSAGE: INTERVIEWER, YOU HAVE RECORDED THAT THE SP SPENDS MORE THAN 4 
HOURS DOING MODERATE-INTENSITY ACTIVITIES AT WORK ON A TYPICAL DAY. PLEASE 
CONFIRM WITH SP THAT OVER 4 HOURS IS CORRECT.  
HARD EDIT: >24 HOURS.  
HARD EDIT: <10 MINUTES.  
ERROR MESSAGE: THE TIME SHOULD BE 10 MINUTES OR MORE, BUT LESS THAN 24 HOURS.  
 
|___|___|___|  
ENTER NUMBER OF MINUTES OR HOURS  
REFUSED ............................................... 777 (PAQ.635)  
DON'T KNOW ......................................... 999 (PAQ.635)  
ENTER UNIT  
MINUTES ...................................................... 1  
HOURS ......................................................... 2  
REFUSED ..................................................... 7  
DON'T KNOW ............................................... 9 
 
PAQ.635 The next questions exclude the physical activities at work that you have already 
mentioned. Now I would like to ask you about the usual way you travel to and from places. 
For example to work, for shopping, to school.  
 
In a typical week do you walk or use a bicycle for at least 10 minutes continuously to get to 
and from places?  
YES ............................................................... 1  
NO................................................................. 2 (PAQ.650)  
REFUSED ..................................................... 7 (PAQ.650)  
DON'T KNOW ............................................... 9 (PAQ.650)  
 
PAQ.640 In a typical week, on how many days do you walk or bicycle for at least 10 minutes 
continuously to get to and from places?  
HARD EDIT: 1-7.  
ERROR MESSAGE: THE NUMBER OF DAYS SHOULD BE BETWEEN 1 AND 7.  
 
|___|___|  
ENTER NUMBER OF DAYS  
REFUSED .................................................. 77(PAQ.650)  
DON'T KNOW ............................................ 99(PAQ.650)  
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PAQ.645 How much time do you spend walking or bicycling for travel on a typical day?  
Q/U  
 
PROBE IF NEEDED: Think about a typical day when {you walk or bicycle/SP walks or bicycles} for 
travel.  
SOFT EDIT: >4 HOURS.  
 
ERROR MESSAGE: INTERVIEWER, YOU HAVE RECORDED THAT THE SP SPENDS MORE THAN 4 
HOURS WALKING OR BICYCLING TO GET TO AND FROM PLACES ON A TYPICAL DAY. PLEASE 
CONFIRM WITH SP THAT OVER 4 HOURS IS CORRECT.  
HARD EDIT: >24 HOURS.  
HARD EDIT: <10 MINUTES.  
ERROR MESSAGE: THE TIME SHOULD BE 10 MINUTES OR MORE, BUT LESS THAN 24 HOURS.  
 
|___|___|___|  
ENTER NUMBER OF MINUTES OR HOURS  
 
REFUSED ............................................... 777 (PAQ.650)  
DON'T KNOW ......................................... 999 (PAQ.650)  
ENTER UNIT  
MINUTES ...................................................... 1  
HOURS ......................................................... 2  
REFUSED ..................................................... 7  
DON'T KNOW ............................................... 9 
 
PAQ.650 The next questions exclude the work and transportation activities that you have 
already mentioned. Now I would like to ask you about sports, fitness and recreational 
activities.  
 
In a typical week do you do any vigorous-intensity sports, fitness, or recreational activities 
that cause large increases in breathing or heart rate like running or basketball for at least 10 
minutes continuously?  
YES ............................................................... 1  
NO................................................................. 2 (PAQ.665)  
REFUSED ..................................................... 7 (PAQ.665)  
DON'T KNOW ............................................... 9 (PAQ.665)  
 
PAQ.655 In a typical week, on how many days do you do vigorous-intensity sports, fitness or 
recreational activities?  
 
PROBE IF NEEDED: Vigorous-intensity activity causes large increases in breathing or heart rate 
and is done for at least 10 minutes continuously.  
HARD EDIT: 1-7.  
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ERROR MESSAGE: THE NUMBER OF DAYS SHOULD BE BETWEEN 1 AND 7.  
 
|___|___|  
ENTER NUMBER OF DAYS  
REFUSED ..................................................77 (PAQ.665)  
 
PAQ.660 Q/U How much time do you spend doing vigorous–intensity sports, fitness or 
recreational activities on a typical day? 
 
PROBE IF NEEDED: Think about a typical day when {you do/SP does} vigorous-intensity sports, 
fitness or recreational activities. 
 
SOFT EDIT: >4 HOURS. 
ERROR MESSAGE: INTERVIEWER, YOU HAVE RECORDED THAT THE SP SPENDS MORE THAN 4 
HOURS DOING VIGOROUS-INTENSITY RECREATIONAL ACTIVITIES ON A TYPICAL DAY. PLEASE 
CONFIRM WITH SP THAT OVER 4 HOURS IS CORRECT. 
HARD EDIT: >24 HOURS. 
HARD EDIT: <10 MINUTES. 
ERROR MESSAGE: THE TIME SHOULD BE 10 MINUTES OR MORE, BUT LESS THAN 24 HOURS. 
 
|___|___|___| 
ENTER NUMBER OF MINUTES OR HOURS 
REFUSED ............................................... 777 (PAQ.665) 
DON'T KNOW ......................................... 999 (PAQ.665) 
ENTER UNIT 
MINUTES ...................................................... 1 
HOURS ......................................................... 2 
REFUSED ..................................................... 7 
DON'T KNOW ............................................... 9 
 
PAQ.665 In a typical week do you do any moderate-intensity sports, fitness, or recreational 
activities that cause a small increase in breathing or heart rate such as brisk walking, 
bicycling, swimming, or golf for at least 10 minutes continuously? 
YES ............................................................... 1 
NO................................................................. 2 (PAQ.680) 
REFUSED ..................................................... 7 (PAQ.680) 
DON'T KNOW ............................................... 9 (PAQ.680) 
 
PAQ.670 In a typical week, on how many days do you do moderate-intensity sports, fitness or 
recreational activities? 
 
PROBE IF NEEDED: Moderate-intensity sports, fitness or recreational activities cause small 
increases in breathing or heart rate and is done for at least 10 minutes continuously. 
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HARD EDIT: 1-7. 
ERROR MESSAGE: THE NUMBER OF DAYS SHOULD BE BETWEEN 1 AND 7. 
 
|___|___| 
ENTER NUMBER OF DAYS 
REFUSED .................................................. 77 (PAQ.680) 
DON'T KNOW ............................................ 99 (PAQ.680) 
 
PAQ.675 Q/U How much time do you spend doing moderate-intensity sports, fitness or 
recreational activities on a typical day? 
 
PROBE IF NEEDED: Think about a typical day when {you do/SP does} moderate-intensity sports, 
fitness or recreational activities. 
 
PROBE IF NEEDED: Moderate-intensity sports, fitness or recreational activities cause small 
increases in breathing or heart rate and is done for at least 10 minutes continuously. 
 
SOFT EDIT: >4 HOURS. 
ERROR MESSAGE: INTERVIEWER, YOU HAVE RECORDED THAT THE SP SPENDS MORE THAN 4 
HOURS DOING MODERATE-INTENSITY RECREATIONAL ACTIVITIES ON A TYPICAL DAY. PLEASE 
CONFIRM WITH SP THAT OVER 4 HOURS IS CORRECT. 
HARD EDIT: >24 HOURS. 
HARD EDIT: <10 MINUTES. 
ERROR MESSAGE: THE TIME SHOULD BE 10 MINUTES OR MORE, BUT LESS THAN 24 HOURS. 
 
|___|___|___| 
ENTER NUMBER OF MINUTES OR HOURS 
REFUSED ............................................... 777 (PAQ.680) 
DON'T KNOW ......................................... 999 (PAQ.680) 
ENTER UNIT 
MINUTES ...................................................... 1 
HOURS ......................................................... 2 
REFUSED ..................................................... 7 
DON'T KNOW ............................................... 9 
 
PAQ.680 Q/U The following question is about sitting at work, at home, getting to and from 
places, or with friends, including time spent sitting at a desk, traveling in a car or bus, reading, 
playing cards, watching television, or using a computer. Do not include time spent sleeping. 
How much time do you usually spend sitting on a typical day? 
|___|___|___| 
ENTER NUMBER OF MINUTES OR HOURS 
REFUSED ............................................... 777 (BOX 2) 
DON'T KNOW ......................................... 999 (BOX 2) 
ENTER UNIT 

85 
 



 

MINUTES ...................................................... 1 
HOURS ......................................................... 2 
REFUSED ..................................................... 7 
DON'T KNOW ............................................... 9 
SOFT EDIT: 18 HOURS OR MORE AND LESS THAN 8 HOURS. 
ERROR MESSAGE: PLEASE VERIFY TIMES OF 18 HOURS OR MORE OR LESS THAN 8 HOURS. 
HARD EDIT: 24 HOURS OR MORE. 
ERROR MESSAGE: THE TIME SHOULD BE LESS THAN 24 HOURS. 
 
PAQ.710 Now I will ask you first about TV watching and then about computer use. 
Over the past 30 days, on average how many hours per day did you sit and watch TV or 
videos? Would you say . . . 
less than 1 hour,............................................ 0 
1 hour, ........................................................... 1 
2 hours, ......................................................... 2 
3 hours, ......................................................... 3 
4 hours, ......................................................... 4 
5 hours or more, or ........................................ 5 
{You do/SP does} not watch TV or videos..... 8 
REFUSED ..................................................... 77 
DON'T KNOW ............................................... 99 
 
PAQ.715 Over the past 30 days, on average how many hours per day did you use a computer 
or play computer games outside of work or school? Include Playstation, Nintendo DS, or 
other portable video games. Would you say . . . 
less than 1 hour,............................................ 0 
1 hour, ........................................................... 1 
2 hours, ......................................................... 2 
3 hours, ......................................................... 3 
4 hours, ......................................................... 4 
5 hours or more, or ........................................ 5 
You do not use a computer outside of work or school ............................ 8 
REFUSED ..................................................... 77 
DON'T KNOW ............................................... 99 
HELP SCREEN: 
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APPENDIX E: DATA COLLECTION FORM 

Assessment Date: __________  Study ID: __________ DOB: ___________ 

Name: _____________________________   Assessment: T0  T1  T2 

 
1) Anthropometrics 

Height: ______cm   Waist: ______ cm   ______cm 
Weight: ______kg   Hip:  ______ cm  ______cm 
BMI: ______kg/m2   Waist-to-hip Ratio:  _________ 
 

Skinfold:    Trial 1  Trial 2 

For males: Chest   ____  ____   

Abdomen  ____  ____   

Thigh  ____  ____ 

For Females: Triceps  ____  ____   

Suprailiac ____  ____   

Thigh  ____  ____ 

 

2) Vital Signs: 

Heart rate:   ____bpm       _____bpm     

Respirations:   ____breaths per minute _____breaths per minute  

Blood pressure:  _____SBP   _____DBP  

_____SBP   _____DBP 

_____SBP   _____DBP 
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3) Knee Range of Motion 
 
Knee Flexion  Trial 1  Trial 2 

Active:  Left ______° ______°    

Right ______° ______° 

Passive: Left ______° ______°  

  Right ______° ______°  

Knee Extension 

Active:  Left ______° ______°  

  Right ______° ______°  

Passive: Left ______° ______°  

  Right ______° ______°  

 

4) Knee Extension Strength 
   

Trial 1  Trial 2 

  Left ______ lbs ______lbs    

Right ______ lbs ______lbs 

 

  

 

5) Gait Testing:  Trial 1  Trial 2  Trial 3 

Step length:  Left ______cm ______cm ______cm   

  Right ______cm ______cm ______cm 

Step width:  Left ______cm ______cm ______cm   

  Right ______cm ______cm ______cm 

Swing time: Left ______sec ______ sec ______ sec   

  Right ______ sec ______ sec ______ sec 

Stance time:  Left ______sec ______ sec ______ sec   

  Right ______ sec ______ sec ______ sec 
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DS time:  Left ______sec ______ sec ______ sec   

  Right ______ sec ______ sec ______ sec 

SW/ST:  Left ______% ______ % ______ %   

  Right ______ % ______ % ______ % 

 

6) Six minute walk test:  

 
 
 
 
  

 

 

 

Total walk distance: _____ meters 

 
7) WOMAC Survey completed:  □ 
8) SF 36 Survey completed:   □ 

 
Comments: 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
 
Tester Signature:  ______________________________ Date: ___________ 
Assisted By:  ______________________________ Date: ___________ 
 

  

 HR RPE 

Pre-test:   

2 min:   

4 min:   

6 min:   

Recovery:   
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CHAPTER IV 

MANUSCRIPT 2 

EFFECT OF INCORPORATING THE FITBIT FITNESS TRACKING TECHNOLOGY INTO A PRESCRIBED 

EXERCISE INTERVENTION PROGRAM TO IMPROVE LONG-TERM FUNCTION IN OBESE 

INDIVIDUALS ONE YEAR FOLLOWING TOTAL KNEE ARTHROPLASTY.
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INTRODUCTION 

OA is a serious joint disease affecting over 27 million adults in the United States (Van 

Manen, Nace, & Mont, 2012).  Incidence and prevalence have steadily increased over the last 

20 years making OA a serious public health concern (Suri, Morgenroth, & Hunter, 2012). Both 

the severity of the disease and the number living with OA makes it one of the leading causes of 

long term disability (Arden & Nevitt, 2006; McNeil & Binette, 2001). Clinical care of OA has met 

the increased demands with improved care and management which in those with severe 

debilitating disease now routinely includes TKA.  

Based on the limited data available, it appears that obesity and physical inactivity, which 

are major contributors to the development and progression of OA, remain after TKA.  Most 

patients report the ability to return to regular activities such as walking, hiking, and swimming, 

with some patients even returning to sports like tennis and jogging (Foran et al., 2004; Jones, 

Cox, Jhangri, & Suarez-Almazor, 2012; Loughead et al., 2008). Despite the ability to return to 

these activities, it appears that poor exercise habits that preceded surgery are likely to return 

following the initial recovery period (Bradbury, Borton, Spoo, & Cross, 1998).  Most studies 

indicate that TKA does not result in decreased body weight but in fact body weight often 

increases after TKA (Aderinto, 2005; Heisel, Silva, Rosa, & Schmalzried, 2005; Unver, Karatosun, 

Bakirhan, & Gunal, 2009; Woodruff & Stone, 2001; Zeni & Snyder-Mackler, 2010). 
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The persistence of these risk factors and unhealthy habits may result in long-term 

functional abilities that are significantly compromised. Thus, functional recovery, such as 

general mobility, gait mechanics, walking endurance, ability to walk stairs, freedom from pain, 

and quality of life, may not be as thorough and lasting as could be expected. It has commonly 

been assumed by medical professionals and reported by patients that obesity and physical 

inactivity were a result of OA and the common symptoms of pain and physical limitation. More 

recently, it has been suggested that obesity and physical inactivity should be treated as 

separate medical issues since they do not appear to improve with the restored function and 

reduced pain following TKA (Heisel et al., 2005; Unver et al., 2009).  

The role of exercise therapy and intervention has received relatively little attention 

outside of short duration and injury specific post-operative rehabilitation. Exercise 

interventions, including both aerobic and strength training, have been shown to improve 

aerobic fitness, mobility, coordination, and body composition; increase muscle mass and bone 

density; and reduce depression and anxiety in many clinical populations (Chodzko-Zajko, et al. 

2009; Barry & Eathorne, 1994; Butler, Davis, Lewis, Nelson, & Strauss, 1998), all of which are 

relevant for obese patients after a TKA. However, few exercise interventions have been 

conducted in TKA patients.  

Pre-operative and early post-operative studies including exercise intervention,  focusing 

on rehabilitation of the injured area, have shown that leg strength and improving leg strength 

was predictive of better function one year after surgery (Beaupre, Lier, Davies, & Johnston, 

2004; Mizner, Petterson, Stevens, Axe, & Snyder-Mackler, 2005; Topp, Swank, Quesada, 
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Nyland, & Malkani, 2009). In one of the only exercise interventions in patients more than one 

year from TKA, LaStayo and colleagues conducted a pilot study using a 12 week supervised 

strength training program designed to improve muscle strength in the quadriceps and reported 

significant increases in strength and mobility (LaStayo et al., 2009). These preliminary data offer 

promise that exercise interventions can improve the long term function and outcomes from 

TKA.    

Any potential exercise intervention in obese TKA patients must balance improving 

physical fitness levels and minimizing wear on the prosthesis. Although there have been few 

studies evaluating the biomechanical stress that common activities place on the knee joint, post 

joint replacement exercise recommendations are available based on a survey of 54 members of 

Hip and Knee Society who provided their expert opinion on common sporting activities. 

Activities that were recommended consisted of exercises such as stationary cycling, swimming, 

walking, golf, low impact aerobics, weight machines, and dancing (Healy, Iorio, & Lemos, 2000). 

In addition to minimizing wear on the joint, consideration has to be given to motivation to 

become physically active.  OA and obese TKA patients are routinely advised to become more 

physically active and lose weight before surgery. However, reports indicate that only about one 

third of patients are successful at increasing physical activity and ultimately reducing body 

weight (Borland & Jennings, 2011). Howarth et al assessed barriers to weight loss in obese 

patients with knee OA and while 29% reported pain as major barrier, nearly 90% reported lack 

of motivation to be the largest barrier to weight loss (Howarth, Inman, Lingard, McCaskie, & 

Gerrand, 2010).  For an exercise intervention to be successful, these barriers must be carefully 

considered in the exercise program.  
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We hypothesize that obese patients have additional barriers and deficits that would 

benefit from a tailored general fitness program at the 1 year follow-up visit when post-surgical 

rehabilitation is long completed and full healing should have occurred. The primary outcomes 

of this project were to assess functional measures pre- and post- an 8 week home based 

exercise intervention in obese knee replacement patients with comparison of additional 

benefits from the Fitbit fitness tracker. 

 

  

100 
 



 

MATERIALS AND METHODS 

Participants 

Thirty four obese patients who were 10 to 18 months post total knee arthroplasty 

volunteered to complete surveys and participate in a functional assessment. Patients were 

required to have medical clearance to participant in exercise testing. Patients were identified 

and recruited from surgical follow up clinics at Campbell Clinic Orthopaedics. Prior to consent 

each participant was prescreened by phone for physical activity level and health status by a 

research nurse. Participants were informed of all procedures, potential risks, and benefits 

associated with the study with procedures approved by the University of Tennessee Health 

Science Center Institutional Review Board for Human Subjects research. Eligibility was verified 

with health and medical history and physical activity survey to verify eligibility during the initial 

visit.  All participants signed an informed consent prior to enrollment on the study. 

Research Design 

Following signing the informed consent, 34 participants were randomly assigned using a 

dual random number matrix to one of two intervention groups. Each intervention group 

received an 8 week tailored home-based exercise program based on the American College of 

Sports Medicine (ACSM) guidelines for exercise prescription (American College of Sports, 2013).  

In addition to the tailored exercise program, participants in one of the intervention arms 
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received a Fitbit fitness tracker. The Fitbit fitness tracker, in theory, provided additional 

motivation via feedback on amount of exercise completed and progress towards goals. 

Participants in both intervention arms were assessed at baseline and follow up after the 8 week 

intervention.  

Anthropometrics 

Height and weight were collected without shoes using a digital clinic scales and a wall 

mounted stadiometer. Body composition was measured using standardized skinfold measures 

developed by Jackson and Pollock and described in detail by the American College of Sports 

Medicine (Jackson & Pollock, 1985; American College of Sports Medicine, 2010). Skinfolds were 

measured with Lange skinfold caliper (Beta Technology, Santa Cruz, CA, 95060) recorded at the 

chest, abdomen and thigh in males and triceps, suprailiac crest, and thigh in females. Sum of 

skinfolds measured were used to calculated percentage body fat using two stage predictive 

equations by first calculating body density and then body fat percentage (Jackson & Pollock, 

1985; American College of Sports Medicine, 2010).  Body mass index (BMI) was calculated by 

dividing kilograms of body weight by height in meters squared. Waist and hip circumference 

was measured using a Gullick II tape measure at the narrowest point between the umbilicus 

and the xiphoid process and the widest point between umbilicus and the knee, respectively.  

Physical Function 

Heart rate, blood pressure, and respirations were measured following a five minute 

quiet seated rest period.  Walk endurance was measured using the six minute walk (6MW), 

which consists of continuous walking at a self-selected walk pace in accordance with the 
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American Thoracic Society guidelines (ATS Committee on Proficiency Standards for Clinical 

Pulmonary Function Laboratories, 2002). During the 6MW, participants were encouraged to 

walk as quickly as possible for six minutes on the designated walk path. Participants could stop 

and rest as needed during the test, however the test timer did not stop. Distance walked in six 

minutes was recorded. Predicted walk distances were based on previously published predictive 

equations based on healthy adults (Enright & Sherrill, 1998).  

Passive and active range of motion at the knee was measured by a licensed physical 

therapist using a goniometer. Participants were instructed to flex and extend the knee as far as 

possible and results were recorded at the terminal range in degrees. Knee extension strength 

was measured using a handheld dynamometer. The participants were seated with the knee 

positioned at 60 degrees and the dynamometer was placed 20 centimeter below the tibial 

tuberosity. The participant was instructed to extend their lower leg against the dynamometer 

as hard as possible.  Three trials were performed on each leg with one minute rest between.   

Predicted strength values were based on previously published gender based normative ranges 

in healthy adults (Andrews, Thomas, & Bohannon, 1996).   

Self-Reported Knee Function and Health Related Quality of Life 

 The Western Ontario and McMaster University Osteoarthritis Index (WOMAC) used to 

survey to assess pain, function, and quality of life in patients with OA of the knee (Quintana et 

al., 2006). WOMAC scoring yields one composite (0 to 96) and 3 subscales: pain (0 to 20), 

stiffness (0-8), and physical function (0-68). Responses to each question range from zero 

indicating none to four indicating severe. Higher scores on the composite or subscales indicate 
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worse pain, stiffness, or function. The composite and subscales have been shown valid 

(Spearman correlations from 0.63 to 0.67) and reliable (Cronbach’s alphas from 0.86 to 0.95) 

(Bullens, van Loon, de Waal Malefijt, Laan, & Veth, 2001; Dunbar, Robertsson, Ryd, & Lidgren, 

2001).  

Health related quality of life was assessed using the Medical Outcomes Study short form 

36 version 2 (SF36) (Ware, 2004; Ware, Snow, Kosinski, & Gandek, 1993). The SF36 is a 

commonly used questionnaire used to assess health related quality of life. The survey is a 

generic health survey which has been used in many populations including obese and 

osteoarthritis populations (Bohannon & DePasquale, 2010; Ware, 2000).  Scores were 

calculated for eight health domains (mental health, role physical, physical function, vitality, 

social function, bodily pain, role emotional, and general health), the physical component survey 

(PCS) and mental component survey (MCS). Survey responses were summed to generate raw 

scores in each subscale and health domain and used to create general population norm-based 

scoring (t scores with a population mean of 50 and a standard deviation of 10) using previously 

prescribed methodology (Ware, 2004; Ware, 2000; J. E.  Ware et al., 1993). Scores were 

considered poor if the normalized scores (T-Scores) were less than 37 which corresponds to the 

lowest 10th percentile of the general population. Scores were considered to be average or 

better if the normalized scores (T-Scores) were greater than 48 which correspond to the >40th 

percentile of the general population. 
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All testing was completed by the same clinical exercise physiologist, with the exception 

of lower extremity range of motion and the WOMAC index which were completed by a licensed 

physical therapist.  

Intervention (independent Variable) 

All participants in the study received an 8 week home based exercise program based on 

guidelines for exercise prescription from the American College of Sports Medicine (ACSM) 

(American College of Sports, 2013). The program included tailored resistance and aerobic 

training program designed to be completed at home with no supervision and minimal required 

equipment. The program was tailored with weekly phone calls from the study exercise 

physiologist. The weekly phone calls were used to monitor compliance, assess the patient’s 

progress, and to modify the exercise prescription as needed.  

The resistance training program consisted of 8 to 10 exercises. Each exercise was done 

for one set of 12 to 15 repetitions on two non-successive days per week. The program was 

progressed over the phone by increasing the difficulty of the selected exercises and by 

increasing the volume of resistance training prescribed (number of sets and/or number of days 

per week) in a systematic manner. The loading on the joint was minimized in accordance with 

the recommendations from the Knee Society survey (Healy et al., 2000). The resistance training 

program was tailored for each individual based on the baseline functional assessment and 

progression will be adjust as needed based on patient feedback from weekly phone calls.   

The aerobic training program consisted of the patient’s choice and availability of 

equipment of walking, cycling, or other low impact options recommended by the Knee Society 
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Survey (Healy et al., 2000). Aerobic training began with three days per week for 20 minutes (or 

two 10 minute sessions) at a low intensity walk (or alternative activity with equivalent 

intensity). The aerobic program was  increased over the phone by progressively increasing 

duration to a maximum of 60 minutes, increasing intensity to a maximum of power walking (or 

alternative activity with equivalent intensity), and increasing number of sessions per week to a 

maximum of 5 days per week as tolerated.  The aerobic training program was  tailored for each 

individual based on the baseline functional assessment and progression was  adjust as needed 

based on patient feedback from weekly phone calls.   

All participants received a demonstration of each exercise and an introduction to the 

forms and logs in the program at the end of the baseline functional assessment. During this 

education session, handouts were provided that included a visual depiction and written 

explanation of the prescribed exercise. In addition to the educational handouts, workout logs 

were provided so that the patient may record and track their workouts and provide comments. 

The workout logs were used as a reference during the weekly phone calls and to record 

compliance to the exercise program. Workout logs were collected at the follow up functional 

assessment to measure compliance. 

Each participant assigned to the Fitbit study arm received additional motivational input 

via a commercially available Fitbit wireless fitness tracker for use during the study. The Fitbit 

wireless fitness tracker is a small device (about the size of an AA battery) that can be worn as a 

bracelet (Fitbit Flex), or clipped to a necklace, waistline or other clothing (Fitbit One). The 

device tracks steps taken, number of stairs climbed and estimates caloric expenditure. The 
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device provides information in two (or three) ways. The device is fully supported by both 

android and iPhone applications which are freely downloadable, by logging on to the 

Dashboard feature on the Fitbit website (www.fitbit.com), and through the device’s visual 

display (Fitbit One). The device is battery powered and requires 1 to 2 hours of charging every 5 

to 7 days either by docking to a computer through the USB plug provided or an adapter for 

standard wall outlet use. A Fitbit account was established for each participant using a study 

identification number, gender, height and weight. The patients received login information and 

assistance with the set up and configuration of the Fitbit device during the baseline functional 

assessment. A study team member was available during the study to help them trouble shoot 

any issues. Participants were reminded to charge the device during the weekly phone calls.  

Data Analysis 

As the study was primarily designed to assess feasibility and proof of principle, the 

sample size of 17 individuals in each arm was based on practical significance (primarily funding, 

timing, and other resource limitations) but not statistical significance of anticipated differences. 

However with 17 participants per group (34 total), the trial had 80% power to detect a 10% 

difference in adherence with the exercise program as a result of inclusion of the Fitbit fitness 

tracker at the 0.05 significance level. This a priori analysis was conducted using G*Power 3.1.7 

(Dusseldorf, Germany) using a fixed effects, one-way ANOVA. Effect size was set as 0.5 which 

reflects an adherence improvement of 10% (60 vs 70%)  based on previously reported 

adherence rates (Linke, Gallo, & Norman, 2011), and number of groups was two. 
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The first analytical step was evaluation of the impact Fitbit fitness tracker had on 

adherence to the exercise program. This was done with a one-way ANOVA comparing the 

adherence rates between the exercise only group and exercise plus Fitbit fitness tracker group. 

Since adherence rates were not different indicating the Fitbit fitness tracker did not have an 

effect, groups were collapsed and the effect of the exercise intervention were evaluated. This 

was done with a one-way ANOVA comparing the functional outcomes and quality of life 

measurements pre and post intervention.  Statistical significance was set with α = 0.05. All data 

reduction, processing, and analysis for this project were generated using SAS software, version 

9.2 of the SAS system for Windows (SAS Institute, Cary, NC, USA).  
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RESULTS 

Participants  

Baseline testing was completed on 34 patients (24 females; 10 males) who were 

randomly assigned to exercise only group or exercise and Fitbit group.   There were no 

statistically significant differences between groups at baseline (Table 2.1).  Of the 34 patients 

randomized, twenty nine patients completed the follow up assessment leaving 13 participants 

in the exercise and Fitbit group and 16 participants in the exercise only group. Of the five 

patients who did not return for follow up testing, three were females, none were smokers, and 

one received bilateral TKA.  Of the 4 participants who dropped from the Fitbit group, one 

patient had unrelated orthopedic surgery (shoulder), one patient lost their home and relocated 

(tornado) and two patients started new jobs (travel). The one withdrawal from the exercise 

only group lost interest.  

Overall compliance with the prescribed exercise sessions was not different between 

Fitbit and exercise group and exercise only group (80.1±10.6 vs. 78.3±12.0; F (1, 27)= 0.17, 

p=0.68). Since there was no difference in compliance, treatment groups were collapse and 

results of the intervention will be presented. However, treatment and intervention effects were 

evaluated and there were no significant differences in training response between the Fitbit and 

exercise group and exercise only group. 
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Table 2.1. Baseline group characteristics 
 

 Total 
(N=34) 

Fitbit & Exercise 
(n=17) 

Exercise Only 
(n=17) 

 

 N (%) N (%) N (%) P Value 
Males 10 (29.4) 5 (14.7) 5 (14.7) - 
Smoker 2 (5.9) 2 (5.9) 0 (0) 0.15 
Bilateral TKA 10 (29.4) 6 (17.6) 4 (11.8) 0.56 
     
 Mean±SD Mean±SD Mean±SD  
Age (yrs) 65.0±9.5 63.6±11.4 66.4±7.3 0.40 
Height (cm) 164.1±9.9 165.8±8.5 162.3±11.1 0.30 
Weight (kg) 99.7±17.5 103.6±17.4 95.8±17.2 0.20 
BMI (kg/m2) 36.9±4.8 37.5±4.2 36.4±5.4 0.50 
Skinfolds (mm) 133.4±18.7 131.6±16.9 135.3±20.8 0.58 

Waist to hip 0.91±0.07 0.91±0.06 0.90±0.08 0.58 
HR (bpm) 77.1±7.4 76.8±6.7 77.5±8.3 0.77 
SBP (mmHg) 132.1±8.8 130.4±7.9 133.9±9.4 0.25 
DBP (mmHg) 82.0±4.1 80.8±3.7 83.2±4.2 0.10 

 

Vitals and anthropometrics  

Heart rate, respirations, and systolic blood pressure measures did not change 

significantly following 8 weeks of home based exercise (Table 2.2). The exercise program did 

result in a statistically significant decrease in diastolic blood pressure (82.0±4.1 vs 79.3±4.1; F 

(1, 62)= 6.68, p=0.01). Although patients did lose an average of 2.6kg of bodyweight during the 

8 week home based exercise program this reduction did not reach statistical significance (F (1, 

62)= 0.34, p=0.56). Sum of skinfolds improved by 10 % (133.4±18.7 vs 120.0±20.1; F (1, 

61)=7.53, p= 0.01) which reached statistical significance.  
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Knee Range of Motion and Extensor Strength 

 Active knee extension values were just below full extension and while improvements of 

nearly one degree were observed on each leg (0.9 degrees left and 1.2 degrees on the right; 

respectively) from baseline evaluations these did not reach statistical significance.  Active knee 

flexion values improved similarly with one to two degrees of increased flexion observed on 

each leg (1.3 degrees left and 2.1 degrees on the right; respectively) from baseline evaluations 

these did not reach statistical significance.  

 Knee extensor strength showed notable improvements following 8 weeks of home 

based exercise. The average of peak knee extension strength on each leg improved significantly 

from 54.1±16.0 kg to 65.3±15.7 (F (1, 61)= 7.68, p<0.01). Similar independent improvements 

were noted for right and left leg (table 2.2). Percent change calculations strength demonstrated 

an average increase of 23.7 % on the left leg and 17.9% on the right leg.  

Six Minute Test Walk Performance 

Total distance walked during six minutes increased from 321.3±74.0 meters to 

379.6±85.7 meters which was statistically significant (F (1, 61)= 8.41, p<0.01). The average 

distance walked during six minutes improved by 58.3 meters (percent change of 18.1%) which 

is clinically significant improvement in walk distance. In addition, average peak heart rate and 

rating of perceived exertion during the six minute walk remained unchanged (-2.5 bpm and -0.5 

on the Borg scale).  
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Table 2.2. Effect of 8 week home based exercise program on physical performance 
 

 Baseline Follow-Up Change  

 Mean ± SD Mean ± SD ∆ (%) P Value 
Resting Vitals 

HR (bpm) 77.1±7.4 75.7±5.3 -1.4 (-1.8) 0.39 
Respirations (RR) 18.7±1.3 20.8±1.4 2.1 (11.2) 0.30 

SBP (mmHg) 132.1±8.8 129.2±9.2 -2.9 (-2.2) 0.21 
DBP (mmHg) 82.0±4.1 79.3±4.1 -2.7 (-3.3) 0.01* 

Anthropometrics 
Body Weight (kg) 99.7±17.5 97.1±18.1 -2.6 (-2.6) 0.56 

BMI (kg/m2) 36.9±4.8 36.1±4.9 -0.8 (-2.2) 0.50 
Sum of Skinfolds (mm) 133.4±18.7 120±20.1 -13.4 (-10.0) 0.01* 

Waist to Hip 0.91±0.07 0.89±0.08 -0.02 (-2.2) 0.51 
Active Knee Range of Motion (degrees) 
Extension      

Left (degrees) 2.1±4.5 1.2±4.0 -0.9 (-42.9) 0.43 
Right (degrees) 2.5±5.2 1.3±4.7 -1.2 (-48) 0.35 

Imbalance (degrees) 4.2±3.7 3.6±3.7 -0.6 (-14.3) 0.53 
Flexion     

Left (degrees) 119.2±10.6 120.5±12.0 1.3 (1.1) 0.66 
Right (degrees) 120.6±11.4 122.7±11.4 2.1 (1.74) 0.46 

Imbalance (degrees) 8.8±7.0 8.5±6.5 -0.3 (-3.4) 0.84 
Knee Extensor Strength 

Left (kg) 23.8±7.0 29.4±7.0 12.4 (23.7) <0.01* 
Right (kg) 25.4±8.1 30.0±8.5 10.0 (17.9) 0.03* 

Average (kg) 24.6±7.3 29.7±7.1 -0.3 (-3.4) <0.01* 
Six Minute Walk 

Peak HR (bpm) 107.1±12.2 104.6±11.4 -2.5 (-2.3) 0.41 
Peak RPE  10.7±2.9 10.2±2.7 -0.5 (-4.7) 0.53 

Distance (m) 321.3±74.0 379.6±85.7 58.3 (18.1) <0.01* 
*p<0.05     
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Self-Reported Knee Function  

 WOMAC composite scores improved from 19.9±13.4 points out of a possible 96 points 

at baseline to 15.3±9.8 points after 8 weeks of home based exercise (Figure 2.1). These 

improvements were not statistically significant but there was a trend towards significance (F (1, 

61)= 2.35; p=0.13). In addition, knee function subscale scores improved from 14.4±10.4 points 

out of a possible 68 points at baseline to 10.2±7.4 points after 8 weeks of home based exercise. 

These improvements again were not statistically significant but there was a trend towards 

significance (F (1, 61)= 3.12; p=0.08).  

 

Figure 2.1: Self-Reported Knee Function (WOMAC) 
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Self-Reported Health Related Quality of Life  

 Small non-significant increases in the pre post mean scores on the MCS (F (1, 61)= 0.84, 

p=0.36) and PCS (F (1, 61)= 1.26, p=0.27) were noted (Table 2.3; Figure 2.2). In addition to these 

mean improvements, the number of patients classified as poor (<10th percentile) on the PCS 

decreased from 12 patients to 8 patients and on the MCS decreased from 2 patients to 1 

patients.  

 

Figure 2.2: Health Related Quality of Life (SF-36): Mental and Physical Summary Scales 
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Figure 2.3: Health Related Quality of Life (SF-36): Mental Sub-Scales 

 

 

Figure 2.4: Health Related Quality of Life (SF-36): Physical Sub-Scales 
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There were no substantive changes in pre post mean scores on the mental sub-scales of 

the SF36 (Figure 2.3).  Individually, the number of patients classified as poor (<10th percentile) 

on the REnorm subscale decreased from 8 patients to 3 patients (Table 2.3). The physical 

subscales also didn’t reveal any statistically significant changes from baseline to follow up. 

However, GHnorm did have improvements which approach a statistically significant trend (F (1, 

61)= 1.99, p=0.16). In addition, several patients improved on the PFnorm (6 patients) and 

RPnorm (7 patients) subscales saw enough to move out of the lowest 10 percentile (Table2.3).  

 

Table 2.3. Changes in Health Related Quality of Life  
 
 Baseline Follow up 
  <10th Percentile  <10th  Percentile 
 Mean±SD n (%) Mean±SD n (%) 

PCS 39.5±9.2 12 (35.3) 41.8±7.2 8  (23.5) 
MCS 54.5±9.2 2 (5.9) 56.6±7.7 1 (2.9) 

MHnorm 52.1±10.5 2 (5.9) 55.0±7.4 1(2.9) 
PFnorm 35.8±10.4 18 (52.9) 38.7±9.2 12 (35.2) 
REnorm 47.1±13.1 8 (23.5) 48.6±11.0 3 (8.8) 
RPnorm 41.4±11.9 11 (32.3) 44.3±10.4 4 (11.8) 
SFnorm 49.1±9.7 4 (11.8) 51.8±7.6 2 (5.9) 
VTnorm 50.8±6.9 2 (5.9) 52.6±7.1 2 (5.9) 
GHnorm 49.9±8.1 2 (5.9) 52.6±6.8 2 (5.9) 
BPnorm 44.9±9.7 5 (14.7) 46.1±7.7 4 (11.8) 

 

Patient Feedback Regarding Fitness Tracker 

 The Fitbit fitness tracker failed to increase overall compliance with the exercise 

program. During the informal interview regarding the device, two clear groups emerged. One 

group (8 patients) reported a positive impact of the device. This group enjoyed the feedback 
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about their activity levels and interested in the technology. This group took advantage of the 

website, email reports, and the smart phone applications. The second group (5 patients) were 

either indifferent or negatively viewed the device. The most common reason for not liking the 

device was they did not think the information was useful. In general, this group did not utilize 

the smart phone applications or the websites. This group reported forgetting to wear the 

device frequently. 
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DISCUSSION 

 The management of knee osteoarthritis and its debilitating symptoms has advanced 

significantly in recent decades (Dieppe & Brandt, 2003; Foran et al., 2004; Van Manen et al., 

2012). These advancements necessitate the evaluation of the long term outcomes after total 

knee replacement. This is particularly important in the growing number of obese patients 

receiving TKA. Previous work has shown that obese patients are at greater risk of TKA and have 

worse outcomes after TKA. The results of this project showed that a home based exercise 

program in obese TKA patients can improve knee extensor strength and walking distance.  The 

results of this study also indicate that an 8 week home based exercise program may improve 

patient perceptions of knee function and health related quality of life.  However, the FitBit 

fitness tracking was not a significant motivational factor to comply with a prescribed exercise 

program.  

 This study is the first to demonstrate that an 8 week home based exercise program is 

feasible and effective in improving strength and walk performance. Several studies have 

documented knee extensor strength weakness in TKA patients and most reports suggest a 

deficit of approximately 20% in patients who range from 1 to 10 years post TKA (Berman, 

Bosacco, & Israelite, 1991; Berth, Urbach, & Awiszus, 2002; Huang, Cheng, Lee, & Lee, 1996). 

These strength deficits have been very clearly implicated in decreased performance limitations 

(i.e walking and general mobility) (Finch, Walsh, Thomas, & Woodhouse, 1998; Noble et al., 
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2005).  In our study patients who completed the 8 week home based exercise program noted 

statistically significant improves in knee extensor strength of approximately 20% and consistent 

with previous showing the relationship between strength and mobility saw significant increases 

in walk endurance.  

Our results are similar to results reported by LaStayo et al who had patients do 12 weeks 

of supervised resistance training in a rehabilitation clinic and noted similar improvements in 

strength and mobility (LaStayo et al., 2009).  Our results are particularly exciting as the program 

was minimally invasive in that it required only 30 to 45 minutes three days per week for most 

patients and did not require any travel or specialized equipment. The program was done with 

minimal supervision and feedback. This was accomplished with detail materials and handouts 

and a single demonstration of the exercises making this a very cost effective program to 

administer from a clinic.  

 Patients in general reported the program was enjoyable and quite easy to follow. 

Administration was not a significant burden on the study staff or the patients. This is supported 

by the exceptionally high reported compliance rates reported (nearly 80%). Previous reports on 

self-reported compliance rate for home based exercise programs to be in the 50 to 60% (Linke 

et al., 2011). Patients reported the program was easily assimilated into their daily routines and 

this helped them stick with the program.  

Although the FitBit Fitness Tracker technology did not significantly improve reported 

compliance with prescribed exercise sessions, patient feedback provided interesting insight 

which could help optimize the use of similar technology in future research.  The anecdotal 
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reports from patients who received the FitBit Fitness Tracker Technology indicated that many 

participants were really engaged by the device and found it motivational. This group tended to 

already be engaged in technology (i.e. computer, and/or smart phone users) while those who 

did not favorably review the device tended to be less engaged with technology in general.  

While the fitness tracking technology is not of interest to everyone, screening to identify those 

who are engaged in technology may improve the results and utility these tools with respect to 

motivation and exercise programming.  

The improvements noted in health and knee related quality of life were not statistically 

significant.  The improvements observed, especially in those with the poorest function, are 

encouraging and warrant further evaluation. Patient satisfaction after TKA is largely based on 

patient perception (Bourne, Chesworth, Davis, Mahomed, & Charron, 2010). Failure to meet 

post-operative performance expectations and low one year WOMAC scores are among the 

strongest predictors of patient dissatisfaction with TKA (Bourne et al., 2010). Our home based 

exercise program results in substantial albeit statistically insignificant improvements of nearly 

25% in composite scores on the WOMAC. Future research is needed to evaluate the long term 

impact these improvements might have on a patient’s long term satisfaction.  

 These results must be interpreted with in the context of our limitations. One such 

limitation is the lack of a true control group. Our study demonstrated improvement from pre to 

post exercise with no effect from our treatment group. We do not believe that these 

improvements are related to recovery from TKA nor that patients would have improved 

without intervention. This is supported by the normal time course of recovery illustrated by the 
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active medical follow up which results in medical release at 12 months. In addition, previous 

research does not support the idea that patient spontaneously improve after TKA and indicates 

that the deficits in normal weight individuals receiving TKA persists for many years after surgery 

(Berman, Bosacco, & Israelite, 1991; Berth, Urbach, & Awiszus, 2002; Huang, Cheng, Lee, & Lee, 

1996, Finch, Walsh, Thomas, & Woodhouse, 1998; Noble et al., 2005). Secondly, this was a 

convenient sample which was recruited from orthopedic surgery follow up clinic. Although, the 

patients were pretty typical of those routinely seen in the clinic it is possible that selection bias 

exists which could influence the outcomes.  In addition, small sample size limited ability to 

determine statistical significance and may mask significant effects which may be present if 

adequately powered. Additionaly, patients were recruited one year after TKA which did not 

afford the opportunity to evaluate the pre-operative body habitus, functional abilities or quality 

of life of the patient. In addition, we were not able to evaluate the surgical techniques 

employed, complications during surgery, or post-operative therapy programs which could 

influence the outcomes at one year. Finally our results are promising with regard to physical 

function and quality of life however the intervention was relative short duration leaving the 

long-term durability and impact on patient’s health in question.  

Future research involving longitudinal evaluation of obese patients beginning pre TKA is 

needed to determine if pre-operative factors are predictive of long term functional outcomes 

with special attention to the role excess body weight may play. In addition, the number of 

obese patients receiving TKA has increase dramatically in the past decade. More careful 

evaluation of the post-operative rehabilitation programs is needed. Specifically, the 

effectiveness of rehabilitation programs to restore and manage physical function long term in 
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obese patients receiving TKA. Future more comprehensive randomized clinical trials utilizing 

longer duration home based exercise intervention focused on improving the long term 

functional abilities in obese individuals appear warranted based on our results.  

Obese patients receiving a TKA for debilitation OA have physical performance 

limitations which remain well after patients have been released from post-operative 

rehabilitation. These limitations may be exacerbated by increased body weight and decreased 

physical activity. The combination of residual strength and conditioning deficits after TKA, low 

levels of physical activity, and increased physiological and biomechanical pressure from excess 

body weight make these patients particularly vulnerable. This study provides preliminary 

evidence that an eight week home based exercise program in obese individuals one year post 

TKA is feasible and effective in improving strength and walk performance. The results of this 

study also indicate that an 8 week home based exercise program may improve patient 

perceptions of knee function and health related quality of life.  However, the FitBit fitness 

tracking was not a significant motivational factor to comply with a prescribed exercise program.  
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