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    Osteoarthritis is known enigma for Orthopedic Surgeons and it continues to be amongst the most important cause of chronic pain and disability. It is estimated that around 6 billion dollars/year are spent alone on management of this epidemic.




    The purpose of this monograph is to offer the reader treatment options available for the management of osteoarthritis of knee and hip. If one reviews the current spectrum of literature available to, it becomes clear that there is a large body of literature in which the patient has to sort through with varying degree of scientific evidence, making anyone embarking on this Journey a difficult and conducing one. This Monograph provides an in depth analysis of the Pathology, Role of Nutrition and Exercise in treatment of arthritis there by offering a unique perspective to the Reader.




    The book also provides insights into Role of injectables such as Platelet rich plasma and Viscosupplementation and elaborates on the Role of Amniofix- stem cells from the Amnion and Chorion in the treatment of Osteoarthritis. Finally, the book presents a number of surgical options for the reader that have had an established place for decades in the field of surgical arthritis such as Osteotomy, Arthroscopy and Replacement surgery.




    Dr. Ashish Anand, MD has done a commendable Job in editing the manuscript. This book is a good read for Medical students, residents in training and the busy practitioner.




    

      Khaled J. Saleh


      President Orthopaedic Education
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    The book contains eight chapters with initial ones focusing on pathology behind osteoarthritis, Role of Nutrition in management of Osteoarthritis and Role of exercise in Management of Osteoarthritis. All of them point and educate the reader/clinician on their important role in pathogenesis as well as prevention of osteoarthritis. The Reader is encouraged to incorporate Nutrition and Exercise management in his Clinical practice.




    The next chapter tells us about the Role of Viscosupplementation and Platelet Rich Plasma(PRP) in management of osteoarthritis and what the current clinical evidence is for the above two modalities.




    Chapter 5 is an interesting chapter on Amniofix, which is relatively unheard of. Amniofix is an allograft tissue obtained from a Human baby and contains growth factors which have the potential for treating osteoarthritis pain when everything has failed and the patient is not interested in surgery. It may even possibly reverse the early damaging changes to the Cartilage. As time goes by, I am sure one will hear a lot about this “Novel” approach.




    The second last section deals with surgical aspects of treatment of arthritis of knee in which the book dwells on the role of Arthroscopy with Cartilage Surgery, role of Osteotomy around the knee, and Current Concepts in Total Knee Replacement.




    The last section deals with surgical management of arthritis of Hip-namely Role of Arthroscopy with Cartilage Surgery as well as Current Concepts in Total hip replacement.




    It is my sincere hope that this book will stimulate the minds of the busy clinicians to read more about the subject and possibly also add some new tools to their armamentarium to give their patients the best possible treatment.




    

      Ashish Anand


      GV Montgomery Veteran


      Affairs Medical Center, Jackson,


      Mississippi, USA


      Department of Orthopedic Surgery


      University of Mississippi Medical Center


      Jackson, Mississippi


      USA

    


  




  




  




  

    ACKNOWLEDGEMENTS




    


    


    


    


    


  




  

    I always used to wonder what does work of an editor involve? All my questions were answered as I worked diligently during the preparation of this monograph. It gave me sleepless nights so that I could stick to the schedule given to me by the publishers. Interacting with the various authors and then editing their work was an excellent learning experience. I would like to thank all the authors who spent there valuable time in preparing the manuscripts and sticking to my schedule. All of us enjoyed writing this book and we sincerely hope that the reader gets the same pleasure and adds something more to his knowledge while reading this book.




    I am indebted to my parents for instilling the values of hard work, perseverance and commitment as all these qualities served me in good stead during the preparation of this manuscript. I would like to thank my wife Varsha for constantly nudging me to go above and beyond. Finally, I would like to thank my two lovely daughters Advikaa and Vahita for helping me out with computer glitches and sparing me valuable time without which this book would not have seen light of the day.




    

      Ashish Anand


      GV Montgomery Veteran


      Affairs Medical Center, Jackson,


      Mississippi, USA


      Department of Orthopedic Surgery


      University of Mississippi Medical Center


      Jackson, Mississippi


      USA

    


  




  




  




  

    

      List of Contributors


    


  




  

    

      

        	Ashish Anand



        	Staff Orthopedic Surgeon, GV Montgomery Medical Center, Jackson, Mississippi USA and Assistant Professor(Adj), Department of Orthopedic Surgery. University of Mississippi Medical Center, Jackson, Mississippi, USA



      




      

        	Ashley L. Artese



        	Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee, FL, USA



      




      

        	Avijit Sharma



        	OSU Sports Medicine and Cartilage Restoration Program, The Ohio State University Wexner Medical Center, Columbus, Ohio, USA



      




      

        	Bahram H. Arjmandi



        	Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee, FL, USA.


        Center for Advancing Exercise and Nutrition Research on Aging, Florida State University, Tallahassee, FL, USA



      




      

        	Brandon F. Grubbs



        	Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee, FL, USA



      




      

        	B. Zampogna



        	Department of Orthopaedic and Trauma Surgery, Campus Biomedico University of Rome, Via Alvaro del Portillo 200, Rome, Italy



      




      

        	Carmen Frias Kletecka



        	Department of Pathology, 1901 Perdido Street, Box P5-1, New Orleans, LA 70112, USA



      




      

        	Christina Leta



        	Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee, FL, USA



      




      

        	Daniel L. Murphy



        	University of Mississippi Medical Center, Jackson, MS



      




      

        	David C. Flanigan



        	OSU Sports Medicine and Cartilage Restoration Program, The Ohio State University Wexner Medical Center, Columbus, Ohio, USA



      




      

        	Fiona Blanco-Kelly



        	Fundación Jiménez Díaz University Hospital, Quirón Salud, Madrid, Spain



      




      

        	JV Srinivas



        	Clinical Director Consultant Orthopedic Surgeon, Fortis Hospital, Bannerghatta road, Bangalore, India



      




      

        	Lauren A. Foy



        	ATC University of Florida, FL, USA



      




      

        	Mark F. Sommerfeldt



        	OSU Sports Medicine and Cartilage Restoration Program, The Ohio State University Wexner Medical Center, Columbus, Ohio, USA



      




      

        	Maurizio Montalti



        	Laboratorio di Tecnologia Medica, Istituto Ortopedico Rizzoli, Bologna, Italy.



      




      

        	Mohan Puttaswamy



        	Consultant Orthopedic Surgeon, Fortis Hospital, Bannerghatta road, Bangalore, India



      




      

        	Narayan Hulse



        	Additional Director of Orthopaedics, Fortis Hospital, Banneragatta Road, Bengaluru, India



      




      

        	N. Maffulli



        	Centre for Sports and Exercise Medicine, Barts and The London School of Medicine and Dentistry, Mile End Hospital, 275 Bancroft Road, London E1 4DG, England


        Department of Musculoskeletal Disorders, Faculty of Medicine and Surgery, University of Salerno, 84081 Baronissi, Salerno, Italy



      




      

        	R. Papalia



        	Department of Orthopaedic and Trauma Surgery, Campus Biomedico University of Rome, Via Alvaro del Portillo 200, Rome, Italy



      




      

        	R. Zini



        	Department of Orthopaedic and Trauma Surgery, Villa Maria Cecilia Hospital, GVM Care & Research, Via Corriera 1, 48010 Cotignola, Ravenna, Italy



      




      

        	Saverio Affatato



        	Laboratorio di Tecnologia Medica, Istituto Ortopedico Rizzoli, Bologna, Italy



      




      

        	Shirin Hooshmand



        	School of Exercise and Nutritional Sciences, San Diego State University, San Diego, CA, USA



      




      

        	Víctor Vaquerizo



        	Príncipe de Asturias University Hospital, Alcalá de Henares, Madrid, Spain



      




      

        	V. Denaro



        	Department of Orthopaedic and Trauma Surgery, Campus Biomedico University of Rome, Via Alvaro del Portillo 200, Rome, Italy



      


    


  




  




  




  

    DEDICATION




    


    


    


    


    


  




  

    Dedicated to my brother, Rishi Anand.

  




  




  




  

    Pathology of Osteoarthritis




    


    Carmen Frias Kletecka*




    

      Louisiana State University Health Sciences Center, Department of Genetics, New Orleans, LA 70112, USA


    






    

      Abstract




      The pathology of osteoarthritis is extremely complex and multifactorial. Recent technological advances have allowed the identification of specific genes and genetic alterations which have helped to elucidate some intricacies involved in the molecular basis of disease development and progression. Known factors and key recent discoveries in pathogenesis, plus typical gross and histologic pathologic findings are described in this chapter.
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      INTRODUCTION




      Osteoarthritis (OA), also known as degenerative joint disease, is characterized by the progressive degradation of articular cartilage causing loss of function as a shock absorber [1]. The term OA was introduced by Archibald E. Garrod, an English physician in the 1890s [2]. The characteristic features of OA include initial softening, splitting, and fragmentation of articular cartilage followed by sclerosis of the bone underlying the articular surface cartilage (subchondral bone), bone cysts, and bony outgrowths at the joint margins (osteophytes) [3].


    




    

      Etiology/Pathogenesis




      OA is a multifactorial disease with a complex pathogenesis involving both environmental and genetic factors. The molecular basis of disease development




      and progression encompasses chondrocyte injury, repair, and ultimately, death. Chondrocyte injury elicits an inflammatory response and lymphocyte production of pro-inflammatory mediators, including TNF and IL-B. OA chondrocytes produce IL-1, inducing the expression of MMPs, and other catabolic enzymes. Pro-inflammatory mediators and catabolic enzymes subsequently lead to cartilage destruction [6]. In most cases, OA results from aging and an unknown underlying cause. In a minority of cases, OA develops in young patients with a predisposing condition, such as a previous joint injury, congenital deformity, or systemic disease. Environmental factors include aging and biomechanical stress related to physical characteristics like body weight and joint stability. Genetic factors include both intrinsic genes and altered gene expression via epigenetic modifications. Family and epidemiological studies show that OA is associated with multiple genes and has a heritability component. Genome wide association studies identified specific genes associated with the development and progression of OA [4, 5]. Genome wide methylation studies suggest that DNA methylation plays a significant role regulating the inflammation in cartilage through epigenetic modifications and together with cytokines, growth factors and changes in matrix composition, are involved in the development of OA. One in particular reports hypomethylation leading to increased transcription of pro-inflammatory factors including TFF, IL-1 and IL-6. Furthermore, epigenetic regulation involving microRNAs play a role in skeletal development and chondrogenesis [7, 8].


    




    

      GROSS PATHOLOGY




      The osteoarthritic articulating joint commonly displays cartilaginous outgrowths or osteophytes and loss of normal roundness. In the early stages of OA, hyaline cartilage on the articular surface is soft and granular. With disease progression, the articular cartilage sloughs off and is partially or completely lacking over weight bearing areas and remnants are usually present at the periphery. The underlying bone will have a polished, smooth appearance or eburnation in areas where it is in direct contact with another bone (Fig. 1). The bony surface may have regenerative cartilage clusters where repair is taking place. Characteristic features seen on cross section include subchondral bone with a sclerotic appearance, subcortical cysts and wedge shaped necrosis (Fig. 2). Subcortical cysts form when synovial fluid enters the subchondral bone space through small fractures on the bone surface. Multiple loose bodies may be present within the joint space [9-12].
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Fig. (1))


      Femoral head with osteoarthritis. The articular surface is eburnated and there are remnants of cartilage around the periphery (Image courtesy of Reggie Thomasson, MD).

    




    

      MICROSCOPIC PATHOLOGY




      Injury and repair related changes are seen histologically within bone and cartilage tissue. As the superficial layers of cartilage and collagen degrade, vertical and horizontal fibrillation become apparent with subsequent matrix cracking. Cartilage repair or regeneration occurs both intrinsically and extrinsically. Intrinsic repair exists within the original articular hyaline cartilage as islands composed of chondrocyte clones within the matrix. Extrinsic repair presents as a highly cellular fibrocartilage with coarse and disorganized collagen overlying remnants of articular hyaline cartilage and at the joint margin (Fig. 3).




      Subchondral bone denuded of surface cartilage shows osteoblast proliferation and associated new bone formation, corresponding with areas of sclerosis seen grossly and on x-ray. Small fractures are commonly seen and may be associated with a subchondral cyst.
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Fig. (2))


      Cross section of femoral head with osteoarthritis showing sclerotic subchondral bone, fracture and wedge necrosis (Image courtesy of Joel France, DO).
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Fig. (3))


      Photomicrograph of cartilage with extrinsic and intrinsic repair.
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Fig. (4))


      Photomicrograph of synovium with hypertrophic and hyperplastic lining, stromal fibrosis, and chronic inflammation (Image courtesy of Harry Porterfield, DO).



      Synovium changes include stromal fibrosis of fibroadipose tissue, chronic inflammation, and both hyperplastic and hypertrophied lining (Fig. 4).




      Loose bodies typically have irregular, concentric calcified rings and cartilage replication.
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      Abstract




      Exercise can reduce the risk for osteoarthritis by aiding in the prevention of obesity, joint instability, and muscle weakness. It can also serve as an effective treatment by helping patients manage weight, improve muscular strength, decrease joint stiffness, improve range of motion, increase functionality, and reduce the risk for falls. Before starting an exercise program, patients should obtain a physician’s consent and complete a thorough fitness assessment with an exercise specialist. The exercise program should be progressive, beginning with low-to-moderate intensity exercises followed by gradual increases in intensity. Low impact aerobic training and isometric or isotonic strength training are recommended modes of exercise for effective management of osteoarthritis symptoms. Yoga and tai chi provide low impact exercises and are considered effective therapy options for osteoarthritis symptom management. In addition, water-based exercise programs may improve adherence to an exercise program and be equally effective as land-based exercise for improving gait, functionality and pain. Since exercise adherence is the primary predictor of long-term outcomes in osteoarthritic patients, strategies to improve exercise adherence should be implemented.


    




    

      Keywords: Aerobic, Exercise, Exercise adherence, Exercise prescription, Fall risk, Flexibility, Functionality, Isometric, Isotonic, Joint pain, Joint stiffness, Older adult, Osteoarthritis, Prevention, Strength, Tai chi, Treatment, Water exercise, Weight management, Yoga.


    




    


    * Corresponding author Ashley L. Artese: Department of Nutrition, Food and Exercise Sciences, Florida State University, Tallahassee, FL, USA; Tel/Fax: (850) 644-1828/(850) 645-5000; E-mail: ala13b@my.fsu.edu


    


  




  

    

      Introduction




      Obesity, physical injury, joint instability, and muscle weakness are modifiable extrinsic risk factors associated with the development and progression of osteoarthritis. Obesity is a risk factor for several cardiovascular and metabolic diseases that plague more than one-third of U.S. adults and approximately 17% of American youth [1]. Gradual weight gain that leads to obesity can result from a combination of genetics, sedentary activity, and poor nutrition. Despite physical activity, aging adults reach their peak strength between the second and third decades in life. After 50 years of age, muscular strength declines at a rate of 12-15% per decade with even greater losses after 65 years [2]. Muscular power, the ability to generate force and velocity, is suggested to decline with greater magnitude and exceed losses in strength with age [3].




      A lack of physical activity can accelerate declines in muscular performance and contribute to excessive weight gain. Higher body weight is associated with increased joint pain in older adults, and it has been estimated that the risk for developing osteoarthritis increases by 36% for every 5 kg increase in body weight [4]. Excess weight places additional load on the joint, which can lead to increased inflammation and structural changes in the joint and articular cartilage [5]. In addition to excess weight, a loss in both muscle mass and muscular strength, two important factors for joint movement, stability, and protection, are associated with joint degeneration and increased risk for osteoarthritis. These losses may be due to factors such as age-related sarcopenia, muscle-wasting diseases, and physical inactivity. Furthermore, obesity may contribute to these changes as intramuscular adipose tissue has been linked to losses in muscular strength and functional ability in older adults [6]. Both obesity and muscular weakness can affect movement and gait kinematics, which can cause the load-bearing portion of the joint to be shifted to areas that are not normally accustomed to the excess loading, resulting in cartilage degeneration and the progression of osteoarthritis [7]. The knees and the hips are the two most common joints affected by osteoarthritis as they are the joints which bear the greatest weight.




      Comparatively, those who are physically active and participate in high impact sports are also at risk for osteoarthritis, as physical trauma can increase the disease’s incidence [8]. Not only does damage to the joint affect the cartilage, but injury may lead to muscle weakness from disuse and weight gain from inactivity. Incorporating a safe and comprehensive exercise program into an individual’s daily routine can help induce weight loss, prevent obesity, maintain muscular strength, and reduce injury, thus attenuating the development and symptoms of osteoarthritis.




      

        Exercise Recommendations




        The American College of Sports Medicine (ACSM), the largest sports medicine and exercise science organization in the world, has several position stands formulated from evidence of heavily scrutinized scientific literature. These position stands provide guidelines for appropriate physical activity intervention strategies for weight loss, weight regain, and health benefits. To avoid significant weight gain, ACSM recommends that adults engage in a minimum of 150 minutes per week of moderate intensity physical activity [9]. Overweight and obese adults can use the same recommendation to induce moderate weight loss; however, there is most likely a dose response relationship for exercise and weight reduction [9]. To achieve greater weight loss and prevent weight regain, ACSM recommends approximately 200 to 250 minutes of moderate intensity physical activity, which is equivalent to expending approximately 2,000 kcal, per week [9].




        ACSM has also provided guidelines for physical activity for healthy older adults. These recommendations were developed based on evidence of the benefits of aerobic exercise and resistance training on health and functional capacity. For endurance, older adults should engage in moderate-intensity aerobic exercise accumulating at least 30 minutes of exercise time per day in bouts of at least 10 minutes to total 150-300 minutes per week. If working at a vigorous intensity, older adults should accumulate 20-30 minutes per day or more to total 75-150 minutes per week [10]. To determine the level of physical exertion, a 0 to 10 point scale is used where a score of 10 equals maximal physical exertion. Moderate intensity is a 5 to 6 and vigorous intensity is 7 to 8. Aerobic exercise modalities that do not exacerbate symptoms of orthopedic stress such as walking, cycling, and aquatics are recommended [10].




        In addition to endurance training, ACSM recommends that older adults engage in at least 2 days per week of resistance training. This can be accomplished with the use of free weights or dumbbells, machines, ankle weights, or strengthening activities such as stair climbing. Exercisers should work between moderate (5-6) and vigorous (7-8) intensities [10]. Older adults participating in a strength program should do so with caution as there is risk for musculoskeletal injury. Using a progressive weight training program design that increases the exercise intensity gradually throughout the program can minimize this risk and optimize gains in strength. Resistance training may be optimal for obese older adults or those experiencing mobility impairment since minimal ambulation is required. While resistance training is not recommended as an effective strategy for weight loss, it does provide favorable changes in body composition that result in reductions in abdominal adipose tissue and increases in lean mass.


      




      

        Treatment of Osteoarthritis




        Osteoarthritic changes are most common in older adults. While no cure exists for osteoarthritis, the most effective strategy is to utilize interventions that target the disease’s symptoms. Exercise has been shown to help osteoarthritic patients manage weight, improve muscular strength, decrease joint stiffness, improve range of motion, increase functionality, and reduce the risk for falls and fractures [11], which can ultimately lead to increased quality of life. Those who do not exercise are prone to accelerated degeneration at the joint along with more pain and inflammation [12]. Exercise can delay the need for arthroplasty and sometimes avoid it all together.




        Pain is the most common symptom of osteoarthritis and this can be accompanied by joint stiffness, inflammatory swelling, instability, and muscle weakness. Together these symptoms can lead to physical limitations which develop into impairments of independent living for older adults. Activities of daily living such as walking, house-cleaning, gardening, and stair-climbing become challenging and may then require the assistance of an aid. Exercise can improve functionality by increasing muscular strength, range of motion, proprioception (sensing of body stimuli and awareness of body part position, equilibrium, and motion), and cardiovascular fitness. Although exercise can reduce the symptoms associated with osteoarthritis, exercise cannot influence the structural impact of the disease.




        While exercise is beneficial, adherence to a regular exercise regimen in this population is often difficult because of joint pain, symptom exacerbation, fatigue, decreased stability and balance, and additional comorbidities experienced by these patients [11]. Therefore, initial exercise intensity, frequency, volume, mode, and the individual’s disease status must be taken into account when implementing an exercise training program in order to manage pain and discomfort and to prevent further symptom exacerbation. Since adherence is the primary predictor of long-term outcomes from exercise in these patients [13], strategies to improve exercise adherence should be implemented. These strategies include emphasis on group or individual instructional settings instead of a home-based exercise program, patient education on the benefits of exercise and the pathogenesis of the disease, and self-efficacy enhancement through progressive programs that emphasize small short-term goals along with encouragement provided by the instructor [14].




        Prior to beginning an exercise program, an initial physician screening should be completed to identify health risks or safety concerns that may need to be addressed before or in the exercise program design. Next, a physical assessment is necessary to evaluate fitness level and functional ability so that a suitable starting point for the exercise program can be determined. Consulting an exercise specialist or exercise physiologist for assistance in the design of a program will ensure that the plan is both safe and individualized to meet the fitness needs and goals of the patient. Moreover, important safety concerns such as exercise technique, supportive footwear, and rest time should be addressed (see Table 4 for workout safety suggestions). At the beginning of an exercise program, patients should proceed slowly by incorporating a few low-to-moderate intensity exercises and gradually progress from there. For those who are bedridden or have low function, it may be beneficial to begin with only flexibility exercises to decrease stiffness in the joints and increase range of motion. From there, strength or aerobic exercise performed lying down, seated in a chair, in the pool, or with resistance machines can be progressively incorporated.




        Based on clinical evidence of strength and aerobic interventions on osteoarthritis symptomology, the American Geriatrics Society has provided the following training guidelines for people with osteoarthritic pain (Table 1). For aerobic exercise, participants should train 20 to 30 minutes per day for approximately 2 to 5 days per week. Exercise intensity should be low to moderate at 40-60% of VO2 max or maximum heart rate (HRmax) [14]. Suggested aerobic exercise modalities are cycling, swimming, or walking. Several strengthening programs have been evaluated (isokinetic, isotonic, or isometric) to assess their impact on pain and functional measures, but current evidence does not favor one method over another [15]. Therefore, recommendations have been made based on two of the more common methods of strength training, isotonic and isometric.




        Isometric exercises utilize contractions where the working muscle does not noticeably change in length and the affected joint does not move. This might be the preferred method of strength training for those experiencing severe pain and discomfort in the joint since movement is limited. To improve isometric strength, participants should train daily completing 1-10 contractions at 40-60% of their maximal voluntary contraction per muscle group and hold each contraction for approximately 1-6 seconds [14]. Strengthening exercises can be completed with the use of free weights, machines, and ankle weights. As the hip and knee joints are the greatest weight-bearing joints, strengthening exercises should focus on the hip and knee extensors, as these are also the muscles important for walking, sitting, and standing.




        

          Table 1 2001 general exercise guidelines by the AGS panel on exercise and osteoarthritis.




          

            

              

                	



                	Frequency



                	Intensity



                	Volume

              


            



            

              

                	
Flexibility:


                Static Stretching



                	1x/day


                Goal is 3-5 days/wk



                	Stretch until subjective sensation of discomfort



                	1 stretch per major muscle group. Hold each stretch 5-15 sec


                Progress to 3-5 stretches per major muscle group for 20-30 sec

              




              

                	
Strength:


                Isometric



                	Daily



                	Low-Moderate: 40-60% MVC



                	1-10 submaximal contractions per each major muscle group

              




              

                	
Strength:


                Isotonic



                	2-3 days/wk



                	Low: 40% 1RM


                Moderate: 40-60% 1RM


                High: > 60% 1RM



                	10-15 repetitions


                8-10 repetitions


                6-8 repetitions

              




              

                	
Endurance:


                Aerobic



                	3-5 days/wk



                	Low-Moderate: 40%-60% HRmax



                	Accumulate 20-30 min/day

              


            

          




          

            Recreated from American Geriatrics Society Panel on Exercise and Osteoarthritis 2001. 1RM= 1 repetition max; MVC= maximal voluntary contraction; HRmax= maximal heart rate (220-age in years).

          




        




        Isotonic contractions are combinations of concentric and eccentric movement with a non-changing application of force (traditional resistance training). For isotonic strength training, participants should exercise 2 to 3 days per week. After an initial 1 repetition maximum (1RM) assessment, participants should begin lifting at low intensity (40% 1RM) and complete approximately 10-15 repetitions per exercise. For moderate intensity, increase the load to 40-60% of 1RM and complete approximately 8-10 repetitions. For high intensity, the load should be greater than 60% 1RM and approximately 6-8 repetitions should be completed per exercise. Table 2 provides a list of exercises that can improve strength of the major muscle groups of the lower limbs.




        Thus far, no evidence suggests one training method (aerobic vs strength) is more effective than the other, but rather the use of both might be the best strategy to address the range of impairments associated with osteoarthritis [13].




        

          Table 2 Lower body strengthening exercises for the osteoarthritis patient.




          

            

              

                	Exercise



                	Exercise Description

              


            



            

              

                	Seated Leg Extension



                	1. Start seated in a chair with the legs bent at a 90o angle.


                2. Extend one leg and hold for approximately 5-6 seconds.


                3. Slowly lower leg back to the floor.


                4. Relax and repeat for several repetitions before moving to the other side.

              




              

                	Quadriceps Flex



                	1. Start either lying down or standing.


                2. Flex the quadriceps of one leg and hold for approximately 5-6 seconds.


                3. Relax for 2-3 seconds and repeat.

              




              

                	Sit-to-Stand



                	1. This exercise requires a chair without wheels.


                2. Sit in the middle of the chair and cross the arms over the chest while placing each hand on the opposite shoulder.


                3. Keeping the feet flat on the floor, a straight back, and looking forward, rise from the chair to a standing position.


                4. Slowly return to the seated position.


                5. If extra support is needed, use hands or chair arms for assistance.


                *Increase intensity by holding a dumbbell close to the chest.

              




              

                	Gluteal Squeeze



                	1. Start lying down, standing, or seated.


                2. Squeeze the gluteal muscles and hold for approximately 5-6 seconds.


                3. Relax for 2-3 seconds and repeat.

              




              

                	Stair-Climb



                	1. Ascend a flight of stairs as if simply traveling to the second floor of an office building. Work at a casual pace and use the hand rail for support if needed.


                2. Stair dissention may also be helpful as the eccentric component to this exercise requires control and balance.


                *Increase intensity by carrying dumbbells in each hand or wearing a weighted vest.

              




              

                	Calf Raises



                	1. Start in a standing position with feet hip-width apart.


                2. Slowly raise the heels off the ground while allowing the body to slightly lean forward to keep balance. Use a nearby stationary object like a counter top to help with balance as needed.


                3. Keep a straight back and continue to rise until the body weight is on the balls of the feet. Hold this position briefly.


                4. Inhale and slowly return your heels back to the floor.


                * Increase intensity by holding dumbbells by the sides of the body.

              




              

                	Standing Knee Flexion



                	1. Start in a standing position and use a counter top for balance.


                2. Flex one leg to raise the heel until the knee is bent at 45˚. Hold for 5-6 seconds.


                3. Slowly return the foot to the floor.


                4. Rest for 2-3 seconds and repeat.


                *Progressively increase the bend in the knee to include a greater range of motion.


                Next, adding ankle weights (3-5 lbs) can increase the resistance.

              




              

                	Knee Raise



                	1. Start standing with the hands placed on a nearby counter top for support.


                2. Raise one knee upward until it is halfway to the hip. Maintain a strait back throughout the exercise.


                3. Hold this position for approximately 5-6 seconds.


                4. Slowly return the foot to the floor.


                5. Rest 2-3 seconds and repeat.
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