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Introduction


 


In 1873, Runge (12) described in an article about the etiology and treatment of the writer's cramp (Schreibekrampf) a painful elbow condition at the site of the lateral epicondyle. This painful condition, which is now mostly referred to as tennis elbow, results in only a small percentage (about 5%) of all cases from actual tennis play. However, more than one third of all tennis players will suffer during their tennis career at least once from this painful condition. The pain can radiate distally into the forearm and often results in a weak grasp. In spite of a multitude of possible pathological entities, an overuse of the wrist extensors is mentioned by most authors as the major factor for the epicondylalgia lateralis humeri. The following discussion will not consider the numerous factors in a working environment or during everyday activities that eventually can lead to tennis elbow. The main emphasis will be the influence of tennis play onto the development of elbow pain. 





The Pathology Of Tennis Elbow





In more than 75% of all cases of tennis elbow the lateral side is involved. The pain is mainly centered around the lateral epicondyle. Therefore, the terms lateral elbow syndrome, lateral epicondylitis, and lateral humeral epicondylalgia are often used as synonyms for tennis elbow. A higher incidence of epicondylitis ulnaris (medial tennis elbow) can be found for athletes who are involved in throwing disciplines (e.g., javelin throw). For tennis players, pain of the medial elbow is much less frequent, and in only about 2% of all cases a posterior tennis elbow occurs. 


Much confusion existed and still exists about the pathology of tennis elbow. Many studies with inconsistent results have been published during the last decades, when tennis has become a widely distributed sport. However, most of these studies do not show scientific validity (7), since only few researchers used epidemiological procedures, such as prospective randomized controlled trials or case-controlled studies. The following conditions are only a few of the more frequently cited etiologic theories for epicondylitis: Chronic irritation of the radial humeral joint capsule, myositis of the wrist extensors, chondromalacia of the radiocapitellar joint, bursitis of the radiohumeral bursa, and radial nerve entrapment. 


The most popular explanation of tennis elbow has been described by Cyriax in 1936(2). Repeated stress and strain cause macroscopic and microscopic tears between the common extensor tendon and the periosteum of the lateral humeral epicondyle. Goldie (3) and Nirschl (10) concluded from extensive and careful studies that through mechanical overuse pathological changes occur at the site of the extensor carpi radialis brevis. At the muscle origin, histologic changes were observed and granulomatous tissue was found near the extensor carpi radialis brevis origin. On a sample of 750 cases Nirschl (9) identifies primary and secondary muscles for the pathoanatomy of tennis elbow that he defines as angiofibroblastic tendinosis. For the occurrence of lateral tennis elbow tendinosis the extensor carpi radialis brevis is the primary and the extensor digitorum communis the secondary muscle. Pronator teres, flexor carpi radialis, and palmaris longus are primary and flexor carpi ulnaris and flexor sublimis secondary muscles for the less frequent development of medial tennis elbow. For the rare case of posterior tennis elbow tendinosis the triceps was identified as the only primary muscle. There are numerous other causes of pain around the elbow joint, which are well documented in a book by Wadsworth (14). 


Independent of different clinical findings and the various theories of the pathoanatomy of tennis elbow, almost all clinicians agree that the overuse of the wrist and finger extensors is the most frequent cause of lateral tennis elbow. For tennis players these muscles are primarily involved in back hand strokes. Therefore, a reduction of the loads onto these muscles is the best preventive measure to avoid tennis elbow pain. The onset of pain may be triggered by a traumatic event like a blow onto the arm. However, in most cases, pain comes unexpectedly during a game or even at rest. 


 


Physical Characteristics





A statistical study on 2633 average tennis players (11) showed that 31% suffered from elbow pain at some time during their playing careers. Older age, frequency of play, years of play, a lower playing proficiency, and increased body weight were identified as risk factors for a higher incidence of tennis elbow. Age and frequency of play were the main factors for the likelihood of elbow pain. In young athletes and recreational players who only play once a week the incidence of lateral epicondylitis is very low. A typical patient could be described as a recreational athlete with an age above 35 years, who is playing 3 and more times a week. For this group of players competitive playing style as well as an inadequate fitness level are additional risk factors for developing elbow pain. 





Tennis Racket And String Tension





The cause for developing a tennis elbow is the effect of the forces that are generated by the impact between racket and ball and the vibrations that are transferred to the arm. The overuse of the wrist and finger extensors is the common cause for lateral elbow pain and these muscles are primarily involved in back hand strokes. A reduction of the loads onto these muscles is the best preventive measure to avoid lateral tennis elbow pain. 


Therefore, the tennis racket construction is likely to have an influence on the shock transmission onto the body. At ball contact the tennis racket creates a moment around the wrist and acts on the joint stabilizing wrist extensors. The magnitude of this moment depends on the location of ball impact on the string area. Since a translatory as well as a rotatory movement of the racket is created through the ball impact, there is only one impact location (center of percussion) where the effect of translation and rotation cancel each other. For ball impacts at the center of percussion no initial shock will be experienced at a single location along the grip. Since during normal play the racket cannot be held at a single point on the grip, there is always an impact shock at the hand. However, this shock can be reduced by hitting the racket at or close to the center of percussion. 


The center of percussion is one of three sweet spots that are present in a tennis racket (1). The second sweet spot is defined by the location on the racket strings where the highest rebound velocity occurs. The third sweet spot (the node of the first harmonic oscillation of the racket) identifies an impact location that leads to low and smooth oscillations at the grip. Although it is desirable to have all three sweet spots at one location, this is not possible. What is generally referred to as the sweet spot of a racket by tennis players, is a location somewhere in the middle of these three spots. In this area a high rebound speed of the ball, a low initial shock, and low vibration amplitudes at the hand give the sensation of a good shot. In most rackets, this area is located slightly below the center of the racket head. For proficient players who are able to hit the sweet spot of the racket consistently during their play, the loads on the wrist extensors will be low. Beginners with a frequent occurrence of ball impacts close to the tip of the racket will experience considerably higher forces and vibrations. 





Increased string tension is also likely to contribute to an increase in the initial shock. Due to a "trampoline effect" the rebound velocity of a tennis ball will increase with a decrease of string tension, and the ball contact time on the strings will be longer. The advantage of an increased string tension is a better hitting accuracy. To achieve a comparable rebound speed of the ball with higher string tensions the racket head has to be moved at a higher velocity towards the ball. The increased impulse at ball impact occurs in a shorter time and therefore leads to enlarged peak forces at the racket. Especially during off-center hits the initial shock at the hand will be noticeably increased for rackets with high string tension.  


All rackets vibrate after being struck by a ball. This vibration will be transferred to the human arm.  Segesser (13) suggested that tennis racket oscillations in the range of 80 to 200 Hz are likely to contribute to the development of tennis elbow. The advertisements of many tennis racket manufacturers share this view by claiming that the excellent damping qualities of their rackets prevent tennis elbow. Rackets with good damping qualities are believed to be superior to those producing high amplitude oscillations of long duration. 


Hennig et al. (5) investigated the influence of the mechanical characteristics of 23 different racket constructions on the vibration transfer onto the human forearm. Accelerometers at wrist and elbow recorded the magnitudes of the racket induced oscillations of the arm. Off-center as compared to center ball impacts resulted in approximately threefold increased vibration magnitudes. Between different racket constructions, large differences in acceleration values could be observed. Increased racket head size as well as a higher resonance frequency of the racket were found to reduce arm vibration. The vibration at the arm after ball impact showed a strong inverse relationship (r=-0.88)  with the resonance frequency of tennis rackets. Due to the construction geometry, wide body rackets show generally a higher stiffness that results in increased resonance frequencies. 


To further examine the strong influence of resonance frequency on the vibration of the arm a follow-up study with 4 specially constructed rackets was carried out (6). The rackets were built with an identical shape, equal mass, and with the same location of the center of gravity. They differed only in the mass distribution inside the frame and/or the carbon fiber composition. Although all rackets looked identical and had similar construction characteristics, the response of each racket at ball impact was different. The strong inverse relationship between the acceleration integral at the arm and the resonance frequency is shown in figure 1. It demonstrates the strong influence of dynamic racket stiffness onto the magnitude of vibration transfer to the arm. 


	Vibration stoppers, made of rubber or plastic, are placed between strings and are effective in dampening vibrations of the strings. Depending on string-material and -tension the frequency of the vibrations can be between 500 Hz and 700 Hz. These frequencies are much higher than the racket oscillations (between 80 Hz and 280 Hz). Vibration stoppers reduce the noise from string vibration. They have almost no influence on the playing characteristics of a racket and cannot reduce vibrations of the racket frame. Therefore, they cannot provide protection against the development of tennis elbow pain.  





Grip Tightness And Grip Size





During normal play the contact time of the ball with the strings is approximately 4-5 ms. Therefore, no time exists during the impact duration for any voluntary or reflex activity of the muscles. Innervation of the muscles occurs long before the collision of the ball with the racket. In a back hand stroke the impact on the racket creates a moment that acts on the wrist and results in a lengthening of the active wrist extensor muscles (eccentric contraction). The stretch of the contracted muscles results in high forces in the muscles and tendons. To avoid these high forces, the muscle contraction could be released at a time before impact. 


A number of publications have dealt with the importance of grip strength onto the rebound velocity of a tennis ball. Whereas some authors have indicated that rebound velocity is completely independent of grip strength at the moment of impact, others have found a positive relationship between grip strength and rebound velocity. Evidence exists, however, that for ball impacts close to the racket's center of percussion grip strength is of minor importance. Although a firm grip is necessary for achieving a good accuracy while swinging the racket towards the ball, it is of minor importance at the moment of impact for ball impacts close to the sweet spot. By means of a strain gauge instrumented racket, Hatze (4) demonstrated that the impulse at ball impact and the amplitudes of subsequent racket oscillations were higher with an increased grip tightness. 


Comparing tennis players with different skill levels, Hennig et al. (5) found that in comparison to proficient players a group of less experienced players demonstrated an increase of more than 50% in vibration magnitude (acceleration integral) at the arm. A reduced grip tightness or a release of the gripping force shortly before ball impact is probably accomplished by most expert players. 


The influence of racket grip size onto the development of lateral tennis elbow has been discussed controversially. Some researchers propose the use of a larger grip size, since this should reduce grip tightness. A larger grip size is also believed to create a larger dorsiflexion of the hand at the moment of impact. However, an epidemiological study could not confirm an advantage of increased grip size as a preventive procedure to protect players from tennis elbow (7).





Treatment 





At the acute onset of pain during a game, tennis players are advised to stop playing. As for most other acute sports injuries, rest, the application of ice, compression, and elevation are recommended (RICE). In most cases there is only little swelling around the elbow joint and compression and elevation of the arm do not have the same importance as in other sport injuries. During the following days rest is essential, and anti-inflammatory medication (Aspirin) as well as local heat may be helpful to relieve the pain. Unfortunately, due to a poor vascularization of the fibrocartilage, healing of tennis elbow may be slow. 


If the symptoms persist over a longer time, several treatments can be considered. In a critical review of the literature on treatment of lateral elbow pain, Labelle et al. (8) evaluated scientific articles that were published between 1966 and 1990. Although in the majority of the reports, improvements of the painful condition with time were found, in most studies placebos proved to be as effective as the different kinds of treatment. The authors concluded that not enough scientific evidence exists to favor any particular type of treatment. 


Ultrasound treatment causes local heating of the tissue around the epicondyle and reports identify possible benefits of this treatment. There is also evidence that ultrasound therapy should start soon after the onset of pain. Laser radiation can also be used for the application of localized heat. However, most controlled studies did not find significant improvements against placebo treatments. 


The effects of acupuncture, electrotherapy, electromagnetism, and massage have not sufficiently been investigated or were controversially discussed in different studies. One of the most common treatments of persisting elbow pain, resulting in a fast relieve of pain, is the injection of cortisone. Even for this frequently used treatment conflicting results were reported. However, the majority of authors found positive therapy effects. 


Only in rare cases with persistent pain over a long time or a frequent reoccurrence of tennis elbow surgical procedures are justified. A decision for an operation should be done very carefully, since even long term pain of more than a year may and most of the time does suddenly disappear. At the same time, recovery from surgery may also take several months to more than a year. A review of the various surgical procedures has been presented by Kamien (7).





Prevention





The incidence of tennis elbow in world class tennis players is extremely low when considering their frequency and intensity of play. These athletes teach us that preparation of the body and a slow adaptation process of the body to the physical demands is the best preventive care. Stretching and warming up of the body before a tennis game are probably the most effective means of injury prevention. The body has to be given adequate time to adapt to the loads. Therefore, frequency of play should be increased slowly. 


Off-center ball impacts on the racket have been shown to create much higher loads at the hand. Good players will benefit from their playing accuracy, because they will hit the ball most of the time close to the sweet spot of the racket. A tight grip at the moment of impact has been shown to accentuate the shock and vibration transfer to the arm. Release of grip tightness shortly before ball impact is probably accomplished by most expert players. Learning of this strategy will also be helpful for the recreational player. 


The use of rackets with a high resonance frequency (widebody rackets) will reduce the vibration loads. Reduction of string tension will also reduce the mechanical load onto the arm. Additional exercise for building up the muscles by a moderate strength training can also protect the body. For players with a previous tennis elbow condition, bracing of the forearm may be beneficial. It is speculated that the brace creates a counterforce preventing a full expansion of the muscles that should result in reduced forces in the wrist extensor muscles. 
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Figure 1: Acceleration integral (of the rectified acceleration signal) at the wrist of tennis players using four different rackets with different resonance frequencies.�
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