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FOREWORD

In the framework of the physiotherapy program at Fontys University of Higher Professional Educa​tion, Eindhoven, a literature research was carried out as a graduation project. The group of researchers consisted of Jon Inge Hamnebukt, Jørgen Emaus, Kristoffer Sæther and Sarah Kaum. 

It was chosen to conduct a study on treatment approaches for patients diagnosed with lateral epi​condylitis giving the best short- and long-term effects with regard to pain, strength, and ADL-function. As lateral epicondylitis is a common and complex condition, which is often associated with consider​able disability and long absence from work, the need for effective and qualitatively high treatment forms is obvious. Despite the fact that the condition has been known and diagnosed for over 130 years now, much controversy exists about the etiology, pathology, and suitable treatment options.69, 75 

Especially in the field of physiotherapy, there is a great variety of possible treatment methods and new ones are added to the existing amount nearly every day. In the search for effective treatment approaches for the individual patient suffering from lateral epicondylitis, health professionals are faced with the problem of having to choose from a diversity of unproven treatment means. 

Getting more into depth on this subject, the researchers’ aim was to extract information from already existing high quality literature about the different treatments in order to establish which approaches provide the best short- and long-term effects with respect to pain, strength, and ADL-function. 
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Special thanks goes to Marjolijn Poppema, our methodological supervisor, who guided us through this research, investing a lot of time and energy in our study. 
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ABSTRACT 

Researchers
Hamnebukt JI, Emaus J, Sæther K, Kaum-Nathaus S

Background

Lateral epicondylitis is a common and complex condition, which is often associated with considerable disability and long absence from work. Therefore, the need for effective and qualitatively high treat​ment forms is obvious. However, despite the fact that the condition has been known and diagnosed for over 130 years now, much controversy exists about the etiology, pathology, and suitable treatment options. Evidence of the effects of the various treatment means is often lacking.69, 75
Objective

The objective was to do a literature research revealing treatment approaches that give the best short- and long-term treatment effects on pain, strength, and ADL-function for patients diagnosed with lateral epicondylitis.

Search strategy

Several databases and search engines were employed in the search for articles in order to ensure that as many articles as possible were found and also to minimize the risk of selection bias. Concentrated article search was carried out in the period from the 3rd of April to the 21st of April 2008 in the Nether​lands and in Germany. 

The search was conducted via: 

· Cochrane (03-04-08 to 07-04-08; 14-04-08 to 15-04.08) 

· Medline (03-04-08 to 07-04-08; 14-04-08 to 15-04-08) 

· PEDro (03-04-08 to 10-04-08; 15-04.08)

· PubMed (03-04-08 to 10-04-08; 15-04-08) 

· Doconline (15-04-08).

Reference checking of the articles was carried out on the 21st of April 2008.

Selection criteria

Randomized Controlled Trials (RCTs), Controlled Clinical Trials and systematic reviews discussing any of the known treatment options for lateral epicondylitis were admitted to the study, when they addressed at least one of the outcome measures pain, strength, and ADL-function.

Data collection & analysis

After two independent review teams assessed the quality of the studies, relevant data was extracted from eligible articles. The collected data was then analyzed. 

Main results

Twenty-nine articles were included in the research, of which seventeen were randomized controlled trials. The remaining twelve articles were designed as systematic reviews. Methodological quality was checked by applying modifications of user guidelines established by the ‘Centre for Health Evi​dence’14, and all the selected articles displayed sufficient quality. Various treatment modalities for lateral epicondylitis were discussed with regard to the outcome measures of pain, strength, and ADL-function in the articles. Short-term, intermediate-term, and long-term effects were described. The studies diverged in design, methodological quality, intervention, and outcome measurement tools. 

Researchers’ conclusion

Unfortunately, evidence is still incomplete, and strong conclusions cannot yet be drawn to either support or refute the most common interventions used today. Nevertheless, preliminary conclusions and indications on the effectiveness of the discussed treatment options can still be presented. Speaking of short-term effects on either pain, strength, or ADL-function, fairly strong evidence was found for stretching and strengthening, the use of NSAIDs, and the injection of corticosteroids.

Weak evidence was seen in ultrasound therapy and acupuncture treatment (twenty-four hour effect), while deep transverse friction massage, surgical interventions, orthotic devices, laser treatment and shock wave therapy were reported to have either no or no significant effects.

Promising treatment interventions that have displayed early beneficial effects needing further confirmation were manipulative treatment, injection of botulinum toxin, and the application of topical nitric oxide. 

Long-term effects with regard to pain, strength, and ADL-function were not measured frequently for the various treatment modalities. However, seven of the included trials obtained these measurements. 

Ultrasound therapy, orthotic devices, corticosteroid injections, and shock wave therapy were recognized to have no or no significant effects in long-term. Weak evidence was delivered for the effectiveness of NSAIDs, whereas local anesthetic injection and topical nitric oxide showed to be promising for long-term results as well. 

Further high-quality research is required to gain more clarity on the subject matter. 
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INTRODUCTION

Lateral epicondylitis – a notorious condition?
Lateral epicondylitis, or tennis elbow, is well-known to almost everyone. However, it is not only well-known, but highly dreaded, too. The large number of treatment modalities available for this condition might seem reassuring to the affected patient, almost like a guarantee for complete recovery.

But does this assumption coincide with reality?

Or could it not be that the multitude of treatment options is indeed an indication for scientists and medical professionals still groping around in the dark, when it comes to effective treatment forms for lateral epicondylitis? 

Should that be the case, the wealth of treatments would appear in a totally different light.

If, so far, none of the treatment modalities applied today has been proven to have clearly beneficial effects with regard to tennis elbow, are patients and health systems then not pouring money down the drain?

In the fourth academic year of the physiotherapy training program in Eindhoven, a literature research was conducted as a graduation project in order to get to the bottom of this subject matter. 

The main question guiding the research was as follows: 

“Which treatment approaches, based on evidence, give the best short- and long-term treatment effects on pain, strength, and ADL-function for patients diagnosed with lateral epicondylitis?”

For answering the main question, a literature research seemed to be the most appropriate means. Guidelines to evidence-based practice established by the “Centre for Health Evidence”14 constituted the basis for the methodological quality assessment, in order to guarantee a certain quality standard. 

As already described, lateral epicondylitis is a fairly common condition which can be associated with considerable disability. Frequently, this affliction causes high pain levels, dysfunction and loss of strength in the affected patients. Next to others, physiotherapists have various treatment modalities at their disposal that are said to lessen the patients’ symptoms and aid their recovery. However, in order to choose an effective and suitable treatment for each individual patient and to give substantiated advice, it is necessary to have good knowledge of the pathology and the different effects of the specific treatment forms. Evidence-based research is a prerequisite if treatment choices are to be established on scientific grounds instead of trial and error basis. Staying up to date is crucial in a field where new insights are gained every day.69, 75 

Reviewing existing high quality literature on the different proposed treatment approaches can lead to great benefits for the patient. Ineffective treatment methods can be excluded, and the choice of effective treatments can be adapted to the individual patient’s needs. Therefore, qualitatively better treatment can be offered to the patient. 

The first chapter of this report is named “Theoretical framework” and comprises several subsections to provide the reader with relevant background knowledge on the subject in order to aid understanding of the conducted research. The method or methodological approach is described in chapter two and en​tails information on how and why the research was carried out. Chapter three presents the included articles and their respective results with regard to the chosen outcome measures. Following, a dis​cus​sion of the collected results and relevant related subjects is included in chapter four. The reviewers’ conclusion, which is based on the content of the previous chapters constitutes the fifth chapter. Clos​ing, literature references and other relevant information in form of appendices are presented. 

1. THEORETICAL FRAMEWORK

1.1 Introduction

This section is intended to give insight into the historical development of lateral epicondylitis, in addition to current views and facts on this common condition. For the sake of clarity, relevant elbow anatomy, pathophysiological changes in tennis elbow and the stages of normal tendon recovery are explained. Typical symptoms and signs of lateral epicondylitis will be mentioned and diagnostic procedures presented. Some of the available treatment modalities are shortly introduced. 

1.2 Lateral Epicondylitis – The historical development 

Lateral epicondylitis is a complex condition that was first described by Runge in 1873. Runge men​tioned patients suffering from what he called a “Schreiberkrampf”, literally translated meaning “writer’s cramp”. Runge therefore drew a causal connection between the occurring symptoms and the patients’ professions. In 1882, Morris named the condition “lawn tennis arm” and like him, many after him have thought specific sports activities, especially tennis playing, to be the cause for the complaint. 

The today commonly used term “tennis elbow” is attributable to this theory. 

Many analogous terms have arisen in the past 130 years. Fere (1897), for example, described the pathology as “epicondylalgia”, whereas Franke referred to it as “epicondylitis” in 1910. 

As the multitude of different names for this affliction suggests, there are many different views on the possible causes. Over time, numerous factors have been implicated to be the underlying reason for the complaints associated with lateral epicondylitis. Among these are age, local ischemia and mechanical overload. 

Next to others, Osgood (1922) and Paul (1957) thought a bursitis to be the cause for epicondylitis lateralis, whereas Preiser (1910) and Landelius (1941) depicted adhesions in the area of the radio​humeral joint as causative factor. Mills (1928) and Meyer (1957) advocated pathological changes in the annular ligament to be the problem. However, Runge (1873) and Thomsen (1935) claimed that a periostitis was the histological background on which lateral epicondylitis would arise. 

Minkworth (1883) and Well (1929) thought that the distinctive complaints would be caused by a com​pression of the radial nerve.

In 1961, Rössler and Neu declared degenerative processes occurring in the aponeurosis to be the pri​mary reason for the symptoms.75
1.3 Lateral Epicondylitis - Current view and facts

Today, it seems widely accepted that epicondylitis lateralis is a degenerative condition of the tendon fibers that attach at the lateral epicondyle.

As one might assume, the development of this recent view has led to problems with terminology. The suffix “-itis” implies that an inflammatory process is going on, which, according to the newest scien​tific researches, is not the case. Therefore, there has been the demand for renaming the condition. ‘Tendinosis’ would be a more appropriate term for the histopathological processes taking place in tennis elbow. The suffix “-osis” is used to describe chronic degeneration without inflammation, and would thus do justice to the actual underlying pathology. The main problem in tendinosis is failed healing, and not, as in tendinitis, inflammation. Tendinosis is an accumulation of microscopic injuries that do not heal properly. Even though it is possible that there is inflammation in the initial stages of the injury, it is the inability of the tendon to heal that perpetuates the pain and disability. As tendinosis can be present without symptoms, the symptomatic condition should be named tendinopathy in order to be precise.32, 44  

Despite of the fact that lateral epicondylitis is said to be a degenerative condition, the exact patho​genesis, pathology and the natural cause remain highly controversial. 

Nevertheless, some facts about epicondylitis lateralis are known. The incidence has been reported to be one to three percent in the general population. Thus, epicondylitis lateralis is the most commonly diagnosed elbow condition. In the fourth decade of life, tennis elbow has been shown to be four times more common than at other stages of life. The condition seldom manifests itself in patients under the age of eighteen and over the age of eighty. In about ten percent of the cases, the complaint results in sick leave for a mean of period of eleven weeks. 3, 69 

Although the pathology is commonly referred to as tennis elbow, only five percent of the cases en​countered in general practice are due to the impact of tennis playing. By far the most cases are attri​buted to occupational stresses.30 

Professions or activities consisting of sustained extension of the wrist for prolonged period of times, long periods of work consisting of repetitive supination motions, monotonous repetitive movements of the elbow and/or wrist for prolonged period of times, static lifting or carrying activities and squeezing activities that demand some force for longer intervals are all factors that may increase the risk for developing lateral epicondylitis.15, 71
Nowadays, it is quite commonly seen that people working in front of computers for a long time suffer from the condition due to the repetitive strain on the wrist extensor musculature while typing or using the computer mouse.30
1.4 Relevant anatomy of the elbow

To call the most important anatomical aspects relevant for this research to mind, figures one to four are included. Next to other anatomical landmarks, the lateral epicondyle is depicted in figure 1.
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Figure 1. Anatomical landmarks in the elbow region

The lateral epicondyle and its surrounding area serve as attachment sites for most of the muscles that extend the fingers and the wrist. The m. extensor carpi radialis longus, m. extensor carpi radialis brevis and m. brachioradialis are examples for these muscles and can be seen in figures 2 and 3.35 
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Figure 2. M. extensor carpi radialis longus and brevis
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Figure 3. M. brachioradialis

The extensor muscles unite at their origin, the lateral epicondyle, forming an aponeurosis. The major​ity of this aponeurosis consists of the m. extensor carpi radialis brevis. The common extensor tendon, or aponeurosis is shown in figure 4.35 
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Figure 4. Common extensor tendon

1.5 Pathophysiology of lateral epicondylitis

Basically, there are four distinguishable sites in a typical tennis elbow.

The problem can be located at:

1) the origin of the m. extensor carpi radialis longus,

2) the origin of the m. extensor carpi radialis brevis,

3) the tendon of the m. extensor carpi radialis brevis,

4) the musculotendinous junction of the m. extensor carpi radialis brevis.

90% of the cases are said to be type 2 tennis elbows.76 

According to current findings and concepts, chronic overuse injuries, like tennis elbow, are caused by multiple microtraumatic events resulting in disruption of the internal structure of the tendon and degenerative processes occurring in the cells and matrix. Under specific circumstances, these injuries can develop into tendinosis. Unfortunately, the concept of tendinosis is still insufficiently understood. Even though the term ‘tendinitis’ is frequently, and most of the times indiscriminately used for the same condition, histopathological studies have discovered that specimens of tendons suffering from chronic overuse do not contain inflammatory cells in relevant numbers.21, 32, 44, 50 

Tendinosis seems to be a degenerative process that characteristically shows great populations of fibro​blasts, vascular hyperplasia, and disorganized collagen. This constellation of the three compounds has been termed ‘angiofibroblastic hyperplasia’. Angiofibroblastic tendinosis refers to the degenerative changes happening in a tendon that has failed to heal properly after injury or after repetitive micro​trauma resulting from overuse. Angiofibroblastic tendinosis is a noninflammatory, degenerative pro​cess that is associated with the formation of disorganized and immature collagen as well as immature fibroblastic and vascular elements.21, 32 

Normally, tendons are made of bundles of type-I collagen. The fibers in these bundles are neatly organized in parallels, oriented along the long axis of the tendon. Because of the bundles being tightly packed, load can be easily transmitted via these structures.50 

Few tendon fibroblast cells are scattered between the rows of collagen. When tendinosis is present, these fibroblast cells hypertrophy, collagen gets disorganized, and vascular hyperplasia occurs in other​wise avascular tendon fascicles. An atypical granulation tissue constitutes itself. Cells character​istic for inflammation are almost totally lacking. Macrophages and neutrophils are not to be found in relevant numbers.32 

As already stated above, tendinosis is characterized by an invasion by fibroblasts. These fibroblasts are mesenchyme-derived tendon fibroblasts, so called ‘tenocytes’. They are plump cells that have a decreased nucleus-to-cytoplasm ratio compared to normal tenocytes.32
The vascular hyperplasia that is being noted displays a characteristic pattern of invasion by atypical granulation tissue. The vessels contained in this tissue were found to be abnormal and immature. Regan et al. think the vascular hypertrophy to be evidence for an immature repair process taking place. 

Thus, the tissue that is characteristic for tendinosis is not avascular, but the vessels in it do not function like blood vessels. Therefore, the vascular hyperplasia in tendinosis cannot be taken for a sign of im​proved healing. The collagen seen in tendinosis has got an abnormal appearance, too. Due to that, the tendon tissue is dull, gray and soft in nature, whereas normal tendon tissue looks shiny and white and is of a firm consistency. With regard to the structure of collagen found in tendinosis, it can be said that it is unable to sustain a tensile load.32 
In short:

Repetitive overuse or a traumatic injury creates fibroblastic hyperplasia. Fibroblastic hyperplasia is the initial response observed in tendinosis. Shear forces acting on the tendon structures might be respon​sible for activating fibroblasts that start to multiply and to locally produce collagen. Some of these fibroblasts dedifferentiate, meaning they return to their mesenchymal condition. The dedifferentiated fibroblasts have the ability to form either cartilage cells, bone-forming cells, or vascular endothelium. This process shows that tendons have the intrinsic capacity to attempt to heal. 

However, it has been hypothesized that it is the absence of an effective vascular system that prevents a physiological healing cycle. The normally activated immune-based inflammatory response with the following remodeling phase cannot be induced. 21, 32
1.6 Three stages of tendon recovery

To be able to determine when healing processes fail, knowledge of the normal recovery process is required. In order to reach full tendon function after an injury, the tendon fibers have to be reestablished and the gliding mechanism between the tendon and its environment needs to be restored.

Normal tendon recovery progresses through three stages: 

a) inflammatory stage,
b) proliferative stage,
c) remodeling stage.31 

Within ten to fifteen minutes after an injury, the damaged tendon tissue contains disrupted extracellu​lar tissues, dead and dying cells, and in addition a variable amount of blood which may be clotted. Powerful digestive enzymes are being released by the dead and dying cells. The cells of the body react to these changes with an inflammatory response.22 

Inflammatory stage

The above described processes activate the release of several chemotactic factors such as vasodilators and proinflammatory molecules. The latter attract inflammatory cells from the surroundings. The tissue is then cleansed from clotted blood, cellular debris, and foreign body matter by macrophages, neutrophils, monocytes, platelets, and erythrocytes that migrate to the wound site. Phagocytosis is the means by which these substances are resorbed. 

During the initial stage of recovery, scar tissue is being formed in order to guarantee continuity and partial stability at the site of the injury. Fibroblast recruited to the wound start synthesizing various components of the extracellular matrix and a vascular network is formed. Broadly speaking, the inflammatory stage lasts three to six days.22, 31
Proliferative stage

The next stage is called the proliferative stage. Fibroblasts are continually drawn to the wound site, where they rapidly proliferate and synthesize collagens, proteoglycans, and other extracellular matrix material. At this stage, the different substances are not yet organized in a useful way, but are randomly spread in the extracellular matrix. The dominant type of collagen found in the matrix at this point is type-III collagen. An extensive blood vessel network has been formed until the end of the proliferative stage, the tissue is highly cellular, rich in water, and has a great variety in extracellular matrix components.  

The proliferative stage can extend over more than six weeks and can start as early as approximately the third day after injury.31 

Remodeling stage 

Remodeling begins about six to eight weeks after the primary insult. The formerly highly cellular tissue gets less cellular, matrix synthesis is reduced and type-III collagen is not as abundant anymore as it was before. An increase in collagen type I synthesis can be observed. Fibers belonging to colla​gen type I are organized longitudinally along the tendon axis. They account for the mechanical strength of the regenerate tissue. Over time, the tendon gets stiffer, and therefore, owns more tensile strength. Despite of that, the repair tissue never achieves the same quality as the original tendon. 

The remodeling stage can last from several months to even up to two years.31 

There are two processes thought to be at work in the healing of tendon tissue. One of these processes is called ‘extrinsic healing’ and entails the migration of fibroblasts and inflammatory cells from the periphery to the wound site. The fibroblasts and inflammatory cells initiate and promote repair and regeneration. Initially, adhesions are formed and an extensive vascular network is needed in order for the tendon to heal properly. 

‘Intrinsic healing’, on the other hand, is initiated by cells that move from the endotenon and the epitenon to the injury site. There, they build extracellular matrix and an internal neovascular network.  It is being hypothesized that the extrinsic mechanism is activated earlier than the intrinsic one. Extrinsic healing leads to adhesions, a disorganized collagen matrix of high cell content and rich in water. The intrinsic healing takes care of the reorganization of the collagen fibers and the continuity of the fibrils.9, 31 
1.7 Symptoms and signs of lateral epicondylitis

As already mentioned before, the normal tendon recovery process does not take place in lateral epi​condylitis. Therefore, symptoms typical for this condition arise. 

The patient usually suffers from localized pain at the lateral epicondyle, but in severe cases the pain might radiate widely. Movements that aggravate the pain might be opening doors, shaking hands and lifting with the forearm pronated. Normally, the elbow does not show any visible changes, and flexion and extension are full and painless. The pain can be reproduced by passively stretching the wrist extensors or by actively extending the wrist with the elbow straight. In the initial stage, pain is only elicited during movement, while later, pain is also experienced in rest. Grip strength is decreased in later stages of the condition.15, 30, 71, 76
1.8 Diagnosis

There does not exist a golden standard for diagnosing lateral epicondylitis. The diagnosis is usually made based on the history of the patient and clinical examination, which often entails resistance tests of wrist extension and forearm supination in addition to different functional tests that provoke the symptoms experienced by the patient. 

During the anamnesis, the patient is likely to mention pain that has been elicited through occupational or sports activities as the main complaint. Often, specific gripping or lifting movements aggravate the pain. Usually, the patient is able to pinpoint the pain directly above the lateral epicondyle and a re​duction in strength is characteristic. 

The inspection normally is inconclusive, as local swelling and redness are seldom observed. 

The palpation should always be carried out very carefully, because it is a highly painful procedure in case of  tennis elbow. 

On clinical examination, there are three important signs:

a) tenderness to palpation at the anterior aspect of the lateral epicondyle,

b) pain on passive stretching at the wrist with the elbow extended and the forearm pronated,

c) pain on resisted extension of the wrist while the elbow is extended and the forearm   pro​nated.30, 71, 76 

A test called the “coffee cup” sign can be used in order to diagnose lateral epicondylitis. With this test pain will be elicited at the lateral epicondyle on picking up a full cup of coffee.69
Another applied test is the “chair” test, in which a patient is supposed to attempt to lift a chair with the forearm in pronation.30 
Even though the diagnosis of lateral epicondylitis is suggested to be straightforward by some, others state that due to unreliable and pathognomonic signs the diagnose can be fairly difficult. 

Differential diagnoses of lateral epicondylitis have to be taken into consideration, when a right diag​nosis and the right treatment approach are aimed for. For example, degenerative arthritis has to be differentiated from lateral epicondylitis. The pain in degenerative arthritis is said to be more diffuse and extension of the elbow is likely to be decreased. Stiffness is being experienced. Some kinds of infections, traumata or tumors can also resemble the complaints associated with tennis elbow, but are more likely to bring about swelling of the afflicted area. In addition, cervical osteoarthritis and cervi​cal nerve root compression may cause lateral elbow pain that mimics lateral epicondylitis lateralis. However, this condition is commonly accompanied with painful restrictions of neck motion. The early stage of radial tunnel syndrome is often hard to distinguish from a tennis elbow. Numbness and paresthesias normally are signs of nerve compression and do not belong so much to epicondylitis lateralis.15, 30, 69, 71, 76
1.9 Treatment modalities for epicondylitis lateralis

Probably due to the lack of consensus about the etiology, pathology and natural course of recovery, there exists a multitude of different treatment approaches for the condition. As there is no agreement amongst clinicians on how to deal with the condition, the treatment offered to the patient largely de​pends on subjective beliefs and preferences, past experiences and the medical field the care provider belongs to.49 
To name just a few of these treatment forms, the following list is added:


•
surgery


•
acupuncture


•
corticosteroids 


• 
shock wave therapy 


•
ice


•
manipulation


•
massage


•
NSAIDs (non steroidal anti-inflammatory drugs)


•
rest


•
bracing


•
stretching


•
strengthening 


•
ultrasound


•
laser


•
botulinum injection


•
topical nitric oxide application


•
local anesthetics.69
Surgery

There are many different surgical procedures that have been suggested for treating lateral epicondylitis in the past years. To a great part, the technique used by the surgeon depends on the view of the eti​ology of the condition. Some of the mostly used surgical interventions for tennis elbow are:

a) Total release of the extensor musculature from the lateral epicondyle,

b) distal tendon lengthening of the affected muscle,

c) excision of part of the extensor origin together with excision of the orbicular ligament, and

d) denervation of a radial nerve branch.74
Acupuncture 

Acupuncture was developed by Eastern physicians who recognized flows and pathways of energy within the body. With sterile needles being inserted into the skin at specific points of the body, the acupuncturist tries to restore the normal energy flow that has previously been disturbed. It is being hypothesized that acupuncture works by causing the body to release its own natural painkillers or en​dorphins. This treatment modality is especially used for treating chronic pain conditions. 

Some highly advocate the use of acupuncture for lateral epicondylitis.36, 69 
Corticosteroids 

Corticosteroids are hormones synthesized by the adrenal cortex. Naturally occurring and synthetic corticosteroids have very powerful anti-inflammatory effects, and are therefore used to treat conditions that involve inflammation. Corticosteroids are injected into the tender area.36, 70 

Shock wave therapy 

Shock wave therapy is a treatment modality that originally has been developed for treatments in the field of urology. It was used to eliminate kidney stones without an operative intervention. The pro​duced shock waves are assembled and concentrated in the depth of the body structures. This conden​sation of the shock waves, if done rhythmically and repeatedly, can lead to destruction of solid structures, for example a calcification. Today, shock wave therapy is getting more and more popular for treatments in the orthopedic and surgical sections. It has been suggested that this treatment modal​ity is very effective for treating lateral epicondylitis.69, 70 

Ice
The treatment with ice has long been known for bringing about reduction of pain and swelling and, therefore, keeping inflammatory processes under control.30  

Manipulation
Manipulation is the use of hands to produce a desired movement or therapeutic effect in a part of the body. A manipulation called “Mill’s manipulation” has been proposed for treating tennis elbow. In order to carry out this kind of manipulation, the patient should be fully relaxed under general anesthe​sia and lying supine on the operating table. The patient’s hand is grasped and the surgeon’s other hand is used to steady the arm above the elbow. The patient’s forearm is fully pronated and the wrist palmar flexed. Then, the elbow is forcefully extended, moving it from the fully flexed to the totally extended position. Usually, this procedure is accompanied by an audible snap. Whether this snap is attributable to adhesions being undone, or whether it is due to a completion of a partial tear is not known.36, 69 

Massage
Massage is the manipulation of soft tissues of the body with the hands. Massage is known to have several beneficial effects, for example, the improvement of circulation, the reduction of edema, the prevention of adhesions, and the regulation of the tone of the muscles. A special form of massage, namely friction massage, has been claimed to be helpful in the rehabilitation of lateral epicondylitis. The friction strokes are carried out transversely to the long axis of the tendon fibers, with pressure applied only in one direction. The pressure used is of considerable amount. Friction is said to cause local damage to the structures, which is thought to liberate a histamine-like substance and other me​tabolites that act directly on capillaries and arterioles in the local area, thus causing vasodilitation. 

Therefore, friction produces a controlled inflammation of the target area in order to elicit a normal healing process.12, 20, 30, 36
NSAIDs (nonsteroidal anti-inflammatory drugs)

NSAIDs are used for pain relief, particularly in conditions associated with inflammation. NSAIDs act by inhibiting the cyclo-oxygenase enzymes responsible for controlling the formation of prostaglan​dins, which are important mediators of inflammation. Aspirin, ibuprofen and naproxen, for example, belong to the group of nonsteroidal anti-inflammatory drugs.36 

Rest
As lateral epicondylitis is thought to be caused by overuse, a lot of clinicians advise to rest the elbow until the symptoms disappear. It is being suggested that the strenuous activity thought to be the trigger for the complaints is avoided altogether, at least until the structures have had enough time to heal in a proper way.4, 30, 34 

Orthotic devices
Orthotic devices are usually used as a counterforce mechanism to diminish the overload forces that have been suggested to precipitate and prolong the incidence of lateral epicondylitis . There are many different kinds of braces and splints. However, most of them are constructed to prevent a full contrac​tion of the muscle when the patient extends the wrist, thereby relieving tension on the attachment of the extensor tendon.69, 70 

Stretching

Some clinicians think of stretching as the only really effective means to treat tennis elbow. Stretching is intended to mobilize and lengthen shortened and hypertone musculature. Next to an increase in the range of motion, the circulation in the tendon and in the muscle is being improved. Thus, the meta​bolic processes in these structures are expected to be enhanced and the healing processes promoted.30, 42 

Strengthening
Strengthening exercises are recommended in the treatment of lateral epicondylitis, because it is being hypothesized that strengthening the afflicted muscle will result in less risk for the condition to re​occur.30
Ultrasound
The use of ultrasound is said to enhance the healing processes in the tendon. The ultrasound waves produce a mechanical vibration that enters the tissue and causes first a compression and then an ex​pansion. Ultrasound therapy could be compared to a ‘micromassage’ that is thought to increase the volume of the body cells, and to also increase the permeability of the cell and tissue membranes. Should there be hypertonicity in the muscles, it is being reduced and relaxation enhanced. According to the theory, the regeneration potential of the tissue is improved and pain is alleviated.36, 70
Laser

Light Amplification by Stimulated Emission of Radiation or LASER is a device that produces a very thin beam of light in which high energies are concentrated. For physiotherapeutic purposes a low power laser is usually used. This laser can penetrate two to eight centimeters in depth into soft tissue. The effects of laser treatment are said to be pain reduction, reduction of inflammation, increase in circulation, collagen synthesis, granulation tissue and increase in nerve regeneration.30, 70 

Botulinum injection

Botulinum toxin is a powerful nerve toxin produced by a bacterium called Clostridium botulinum. In minute dosage, botulinum is proven to be effective for the treatment of various conditions associated with muscle overaction. Botulinum influences the transmission of signals from the brain to the muscles, so that the muscle contraction, depending on the dosage of the toxin, is either reduced or prohibited completely. In case of tennis elbow, the toxin is thought to provide temporary paralysis of the painful common extensor origin, thereby allowing a healing response to occur.30, 36, 70 

Topical nitric oxide
Nitric oxide is an important member of the group of gaseous mediators which produce many physiol​ogic responses. Amongst other things, nitric oxide is generated by macrophages and neutrophils as part of the human immune response. It is toxic to bacteria and other human pathogens. It has been claimed that topical application of nitric oxide has been used effectively to treat fractures and cutaneous wounds in animals, presumably by stimulation of collagen synthesis in fibroblasts.36, 43 

Local anesthetics

Local anesthetics are drugs that cause reversible local anesthesia and a loss of nociception. When it is used on specific nerve pathways, effects such as analgesia and paralysis can be achieved. Synthetic local anesthetics are structurally related to cocaine. They differ from cocaine mainly in that they have no abuse potential and do not act on the sympathoadrenergic system.70
There are many more treatment approaches that have been proposed for treating epicondylitis lateralis.  In addition, new treatment modalities are put forward nearly every day in the struggle and strive to find the solution for treating lateral epicondylitis. 

2. METHOD

In this chapter, the methodological processes determining the research are described.

2.1 Criteria for selecting studies for this research

In- and exclusion criteria were developed according to the nature of the research as dictated by the research question. In order to be eligible for inclusion in the research, studies had to meet the following criteria: type of articles, type of studies, type of patients, type of interventions, and type of outcome measures.

2.1.1 Type of articles

For the sake of recent and updated information, only articles that have been published between 1998 and 2008 were included. In addition, the articles had to be written in English, Norwegian, or German as to guarantee sufficient understanding of the content and methodological quality. 

2.1.2 Type of studies

Randomized Controlled Trials (RCTs), Clinical Controlled Trials (CCTs), and systematic reviews were eligible for inclusion in the research. Studies related to any of the known treatment modalities for epicondylitis lateralis, displaying the required types of patients and outcome measures were considered. Studies lacking appropriate follow-up stages were excluded. 

2.1.3 Type of patients

The patient population of relevancy for this study contained patients aged between eighteen and eighty years old, that had been diagnosed with lateral epicondylitis. Patients who additionally suffered from other conditions affecting the elbow were not permissible.

2.1.4 Type of interventions 

Eligible for this research was any conservative or surgical treatment possibility known for lateral epicondylitis. 

2.1.5
Type of outcome measures
Pain, strength, and ADL-function were relevant outcome measures that were researched on. At least one of the three outcomes had to be present as a key outcome in the included studies. 

2.2 Search strategy for identification of studies

2.2.1 Search strategy in databases and search engines

Several databases and search engines were employed in the search for articles in order to ensure that as many articles as possible were found and also to minimize the risk of selection bias. Concentrated article search was carried out in the period from the 3rd of April to the 21st of April 2008 in the Nether​lands and in Germany. The search was conducted via: 

· Cochrane (03-04-08 to 07-04-08; 14-04-08 to 15-04.08) 

· Medline (03-04-08 to 07-04-08; 14-04-08 to 15-04-08) 

· PEDro (03-04-08 to 10-04-08; 15-04.08)

· PubMed (03-04-08 to 10-04-08; 15-04-08) 

· Doconline (15-04-08).

Reference checking of the articles was carried out on the 21st April 2008.

Searching the databases was guided by the use of search terms or Medical Subject Headings (MeSH) in three languages, namely English, Norwegian and German. The applied search terms can be seen in table 1. Boolean operators, like ‘and’, ‘or’, and ‘not’, were made use of to broaden, respectively narrow the search. The operator ‘and’ implies that all search terms have to be present, ‘or’ combines search terms so that each search result contains all of the terms, and ‘not’ excludes following terms. 

Table 1. Keywords arranged according to the language
	English
	Norwegian
	German

	•
lateral epicondylitis

•
tennis elbow

•
physical therapy

•
conservative treatment

•
corticosteroids 

•
surgery

•
pain

•
effect

•
eccentric training

•
friction

•
ESWT

•
function

•
long-term

•
short-term

•
strength
	•
Lateral epikondylitt

•
Tennis albue

•
Fysioterapi

•
Konservativ behandling

•
Kortison injeksjon 

•
Operasjon

•
Smerte

•
Effekt

•
Eksentrisk trening

•
Friksjon massasje

•
Trykkbolge

•
Funksjon

•
lang tid

•
kort tid

•
styrke/kraft
	•
Epicondylitis lateralis

•
Tennisellenbogen, Tennisarm

•
Physiotherapie

•
konservative Behandlung

•
Kortisoninjektion 

•
Operationstechnik 

•
Schmerz

•
Behandlungserfolg

•
exzentrisches Training

•
Friktionsmassage

•
Stosswellentherapie

•
Funktion

•
langfristig

•
kurzfristig 

•
Kraft


The keywords were not only classified on the basis of language, but also with regard to population specificity, intervention specificity, and outcome specificity. 

Table 2. Keywords arranged according to the specificity 

	Population specific
	Intervention specific
	Outcome specific

	• lateral epicondylitis

• Lateral epikondylitt

• Epicondylitis lateralis

• tennis elbow

• Tennis albue

• Tennisellenbogen, Tennisarm


	• physical therapy

• Fysioterapi

• Physiotherapie

• conservative treatment

• Konservativ behandling

• konservative Behandlung

• corticosteroids

• Kortison injeksjon

• Kortisoninjektion

• surgery

• Operasjon

• Operationstechnik

• eccentric training

• Eksentrisk trening

• exzentrisches Training

• friction

• Friksjon massasje

• Friktionsmassage

• ESWT

• Trykkbolge

• Stosswellentherapie
	• pain

• Smerte

• Schmerz

• effect

• Effekt

• Behandlungserfolg

• function

• Funksjon

• Funktion

• long-term

• lang tid

• langfristig

• short-term

• kort tid

• kurzfristig

• strength

• styrke/kraft

• Kraft


2.2.2 Other sources of information

Additional information on the subject was looked for at:

- www.cche.net
- www.fysiotherapeuten.no
- www.fysiostart.no
- www.google.com
- www.wikipedia.de
- www.zvk.de
- the study landscape at Fontys Hogescholen.

2.3 Identification of studies

By applying the keyword list, potential study abstracts suitable for this research were found. 

In a second step the abstracts were assessed using the criteria listed under 2.2 above. The abstracts were thus divided into “suitable”, “non-suitable” and “needing further analysis” piles, which was con​ducted by two group members. Any doubt or disagreement about the suitability of the abstract was solved by a third group member who had the final say in this matter. Full text articles were obtained from the potentially eligible studies either via the internet or by ordering through “Fontys Hogescholen Mediatheek”. Reference checking was done when all full text articles were received in order to find any studies that had been overlooked in earlier search phases. New studies found through this pro​cedure also underwent the above described steps to reach a decision on in- or exclusion of these studies. In addition, a hand search involving page-by-page examination of the full text articles was made to identify all eligible reports of trials. 

2.4 Assessment of the methodological quality

In order to assess the methodological quality of the included studies, user guides to evidence-based practice established by the “Centre for Health Evidence”14 were taken as a basis. Slight modifications were made in order to adjust the guidelines to the needs of this research. Depending on whether it was a primary or an integrative study whose methodological quality was to be assessed, either the user guide for articles about therapy or prevention, or the user guide for overviews was applied. As it was difficult to work with any of the user guides when assessing articles about surgical interventions, a separate user guide for assessing articles about operative interventions was drawn up. Following the above mentioned guidelines, primary and secondary questions were developed. The modified user guides for articles on therapy or prevention, and for integrative studies, as well as the created guideline for articles on surgical interventions can be found in appendix 4. If at least two of the primary and two of the secondary guide questions could be answered positively, an article about therapy or prevention was considered to be valid. For overviews and articles on operative interventions, two of the primary and two of the secondary guide questions needed to be answered positively in order to rate the article as a valid one. The methodological quality of each eligible study was analyzed by two independent review teams and scores were compared. In case of disagreement about an article’s quality the final decision was left to the group leader. Valid studies were then further assessed on grounds of their results and applicability. Assessing the included studies like that made it possible to give a reasonable statement about the validity, applicability and implications of the studies’ results.

2.5 Data extraction

Once a definite decision was made on which articles were to be included, data extraction took place. Relevant data was extracted from the included studies by using two data extraction forms, one for primary studies and one for reviews. Beforehand, the four group members conducted a pilot testing of the provisional data extraction forms, extracting data from one study. The decision to modify the data extraction checklists was made by agreement. The data extraction checklists applied to the included studies are depicted in tables 3 and 4. While applying these forms, the group members were blinded to the articles’ identity, including the title, the author, the journal and year the articles were published in.
Table 3. Data extraction list - Primary study
	1. Method
	2. Participants
	3. Interventions
	4. Outcomes
	5. Result

	Score on user guide

Type of trial

- RCT

- CCT

- review

Follow-up

- time intervals

- dropouts


	Number of partici​pants

- total

- group division

Age

- mean

- range

Diagnostic criteria

Duration of symptoms

- mean

- range

Previous interven​tions
	Type of therapy
Duration of therapy

Frequency of therapy

Intensity of therapy

Control group interventions

	Measurement tools used for

- pain

- ADL-function

- strength 

Short-term

Long-term

Reported side effects


	Relevant analyses of the significance of the outcomes




Table 4. Data extraction list - Integrative study

	1. Method
	2. Reviewed studies
	3. Interventions
	4. Outcomes
	5. Result

	Score on user guide

Type of trial

- RCT

- CCT

- review


	Number of included studies

Criteria for selecting studies

Search strategy
	Objective of the review

Types of therapies discussed in the review

	Brief description of the study’s content and outcomes

Outcome measures addressed in the articles

Limitations of the included articles
	Conclusions and recommendations of the review’s author




2.6 Data analysis and synthesis

After the extraction of data, the results derived from the literature search were clearly stated and syn​thesizing the collected data was attempted.  

3. RESULTS

In this chapter, relevant results of the research will be presented. This entails results of the article search, a description of the included studies in combination with the content-related results of the articles, and the results of the methodological quality assessment.

3.1 Results of the article search

After search was carried out in the various databases (see Method, 2.2) seventy-nine articles were re​trieved. Of these, forty-seven articles were found to be suitable with regard to the selection criteria, while thirty-two articles failed to meet these requirements. The forty-seven articles were next sub​jected to methodological quality assessment, which resulted in twenty-nine eligible studies. Of the included articles, seventeen were randomized controlled trials, whereas twelve were systematic re​views. Eleven of the papers that did not meet the inclusion criteria where used for background infor​mation, as these were texts of an informative design.  

In order to aid the comprehension of the article selection, a flow chart was created, which can be seen below as figure 5.


Figure 5. Flow chart of article selection

3.2 Description of the studies

The following sections will describe the twenty-nine included articles. 

Amongst other things, the results of the methodological quality assessment and the different measure​ment tools frequently used in order to measure the effects of the various treatment modalities on lateral epicondylitis in these articles are presented. 

3.2.1 Results of the methodological quality assessment

Although all of the twenty-nine included articles possessed sufficient methodological quality, there nevertheless were differences in quality scores. As already described, the methodological quality was assessed by applying modifications of different user guides (see Appendix IV).

In order to give a general overview of the score distribution in and of the studies, diagrams displaying this matter are provided in graph 1 and 2 below. For a more detailed explanation see Appendix V.
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Graph 1. Methodological quality scores of RCTs
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Graph 2. Methodological quality scores of reviews

3.2.2 Study design and interventions

Martinez-Silvestrini et al.37 (2005) conducted a randomized controlled trial. In this trial, the effective​ness of a home exercise program including stretching alone was compared to stretching in addition to either an eccentric or a concentric strengthening regime with regard to chronic lateral epicondylitis. Ninety-four patients were enrolled in the study who were divided into three groups. The interventions in the stretching group contained self-applied stretching, self-applied icing, and education, whereas the concentric group received the above described measures in addition to a purely concentric strengthen​ing program comprising the use of a resistance band. The third group, the eccentric one, was also instructed in self-applied stretching, self-applied icing, received education and underwent a purely eccentric strengthening program with a resistance band. 

Croisier et al.17 (2007) performed a controlled trial in order to compare the outcome of patients being afflicted by chronic lateral epicondylar tendinopathy and undergoing an isokinetic eccentric training with that of age-, gender-, and activity-matched patients receiving a non-strengthening classical rehabili​tation. Ninety-two patients were assigned to either a non-eccentric control group or to an eccentrically trained group. The control group means were comprised of ice, analgesic TENS, ultra​sound, deep friction massage and stretching. The eccentrically trained group performed an isokinetic eccentric training administered to the involved side using a Cybex Norm dynamometer in addition to the above described control interventions. 

In the randomized pilot study carried out by Struijs et al.61 (2003), manipulation of the wrist for the management of lateral epicondylitis was assessed. Of the in total thirty-one patients, fifteen were treated by a series of manipulative maneuvers developed based on the wrist treatment described by Lewit. The other sixteen patients obtained a composition of conventional treatment modalities, namely ultrasound, friction massage, strengthening and stretching exercises.

The treatment of lateral epicondylitis with iontophoresis of ibuprofen and low level laser was in the focus of the randomized clinical trial by Tascioglu et al.64 (2003). Sixty patients were equally divided into two groups. One group was given iontophoresis with a topical anti-inflammatory agent containing five percent ibuprofen, while the other group was exposed to low level laser with a dose on the skin surface of 1.5 J/cm². 

Local corticosteroid injection and naproxen as treatment modalities for tennis elbow were judged in the pragmatic randomized controlled trial by Hay et al.29 (1999). Aiming to examine the clinical effectiveness of local corticosteroid injection, standard non-steroidal anti-inflammatory drugs, and simple analgesics for the early treatment of lateral epicondylitis in contrast, 164 patients were treated with the different measures. Twenty milligrams of methylprednisolone plus lignocaine were applied as injection, naproxen of 500 mg was administered twice daily for two weeks, or placebo tablets were given. The participating patients all received a standard advice sheet and co-codamol as required. 

The prospective, randomized trial conducted by Crowther et al.18 (2001) compared the analgesic effect of corticosteroid injection to extracorporeal shock wave for the treatment of tennis elbow. Seventy-three patients participated in the study and were divided into two groups. One group received a single injection of 20 mg of triamcinolone with lignocaine, while the other group was exposed to 2000 shock waves in three sessions at weekly intervals. 

In another study composed by Wong et al.72 (2005), thirty patients were treated with a single injection of 60 units of botulinum toxin. The trial was of a randomized, double-blind, placebo controlled design. 

Similarly to Wong et al., Placzeck et al.47 (2007) assessed the effectiveness of botulinum toxin in the treatment of patients suffering from lateral epicondylitis. In their randomized clinical trial, Placzeck et al.47 (2007) examined 130 patients, who were given one injection of botulinum toxin inserted into the painful origin of the forearm extensor muscles. 

Thirty-two patients with a long duration of elbow pain diagnosed as tennis elbow were included in a randomized study by Zeisig et al.73 (2008). The purpose of this study was to evaluate pain relief after intratendinous injections of either polidocanol or local anesthetic lidocaine in combination with epi​nephrine. Ultrasonography and color Doppler were made use of in order to guide the injections into the extensor origin.

The effects of 904-nm low-level laser therapy in the management of lateral epicondylitis were investi​gated in the randomized controlled trial by Lam et al.33 (2007). Thirty-nine patients diagnosed with tennis elbow were admitted in the study. Two groups were formed, of which one was offered a stan​dardized exercise program with advice on home care in combination with a sham laser therapy and the other group received the same standard exercise program with advice on home care  in addition to active laser therapy three times a week for three weeks. Laser therapy was delivered with a pulse repetition frequency of 5000 Hz and an energy density of 2.4 J/cm² with an irradiation time of eleven seconds at each point. 

Topical nitric oxide was the focus of the randomized, double-blinded, placebo-controlled clinical trial, in which Paoloni et al.43 (2003) exposed forty-three patients to topical nitric oxide and another forty-three patients to placebo patches. The in total eighty-six patients were instructed to perform a standard tendon rehabilitation exercise program, and the different groups were informed about the application of either the active nitric oxide or the placebo patches. 

Speed et al.59 (2002) carried out a double-blind randomized controlled trial with the aim of comparing the effects of moderately dosed extracorporeal shock wave therapy with placebo treatment in lateral epicondylitis. Seventy-five subjects participated in the study and were either treated by active means or sham therapy once a month for a total duration of three months. 

Long-term efficacy of extracorporeal shock wave therapy in the treatment of previously untreated lateral epicondylitis was examined by Chung et al.16 (2005). Sixty subjects were enrolled in this ran​domized controlled trial, in which the two patient groups were either treated by extracorporeal shock wave therapy or sham treatment. In addition, stretching was done four times a day, with four repe​titions being held for twenty seconds. 

Like Speed at el.59 (2002) and Chung et al.16 (2005), Haake et al.27 (2002) performed a randomized trial in order to evaluate extracorporeal shock therapy in the treatment of lateral epicondylitis. In total, 272 patients were included in the study and randomized into two groups. After administration of local anesthetics, either extracorporeal shock wave therapy with three treatments of 2000 pulses each and a positive energy flux density of 0.07 to 0.09 mJ/mm² or placebo therapy were applied on an outpatient basis. 

Pettrone et al.45 (2005) conducted a randomized controlled trial with 114 patients of which approxi​mately half received active treatment and the other half was given sham treatment. Active treatment consisted of extracorporeal shock wave therapy of 2000 impulses at 0.06 mJ/mm² making use of the Sonocur extracorporeal shock wave therapy system (Siemens Medical Solutions USA, Inselin, New Jersey). 

Spacca et al.58 (2005) also conducted a randomized controlled trial examining the effects of shock wave therapy on lateral epicondylitis. Unlike the other authors, Spacca et al.58 (2005) used radial shock wave therapy in their experimental group. An intensity of 2000 impulses was applied in the intervention group, whereas 20 impulses were used in the control group. In total, sixty-two patients were employed in this trial. 

In a randomized investigator and patient-blinded controlled clinical study, Fink et al.24 (2002) evalu​ated the efficacy of acupuncture in the treatment of lateral epicondylitis. 45 patients were enrolled in the study randomly assigned into two groups. The experimental group, which consisted of 23 subjects was given real acupuncture whereas the control group (22 subjects) received sham acupuncture.

Brosseau et al.8 (2002) produced a systematic review whose purpose it was to examine the effective​ness of deep transverse friction massage for treating tendinitis. Two randomized clinical trials were included in the review, one containing a patient population suffering from iliotibial band friction syn​drome and one dealing with patients displaying extensor carpi radialis tendinitis. Deep transverse friction massage was applied in combination with concurrent physiotherapy modalities, and was com​pared to either a control group receiving the same physiotherapeutic modalities without friction, or to other therapies such as phonophoresis or ultrasound in addition to placebo ointment. 

Borkholder et al.6 (2004) sought to evaluate the efficacy of splinting for lateral epicondylitis. Eleven randomized clinical trials were considered in their systematic review, which reported about six differ​ent forms of splints. These splints were components of various treatment designs and were either used in combination with other modalities, like topical anti-inflammatory cream and NSAIDs, or compared with each other. 

The systematic review on surgery for lateral elbow pain that was written by Buchbinder et al.11 (2002) intended to determine the efficacy of surgical interventions in the treatment of adults with lateral elbow pain. No controlled trials having the desired quality were identified. 

In 2001, another systematic review by Struijs et al.63 (2001) was published. Orthotic devices for tennis elbow were looked at with regard to short-, intermediate, and long-term outcomes. Five randomized clinical trials were reviewed, of which four studies compared the orthotic device to other conservative treatments. The other conservative treatments consisted of corticosteroid injections, physiotherapeutic modalities and anti-inflammatory cream. Three studies applied an orthotic device as an additional treatment to manipulation, anti-inflammatory cream and injections, whereas one study compared two orthotic devices with each other. 

The available evidence on the effectiveness of ultrasound therapy in the treatment of musculoskeletal disorders was assessed in the systematic review conducted by van der Windt et al.68 (1999). Thirty-eight randomized clinical trials constituted the basis of this review. In the various studies, ultrasound effects were examined in patients suffering from lateral epicondylitis, shoulder pain, degenerative rheumatic disorders, ankle distorsions, temporomandibular pain, myofacial pain, and a variety of other disorders.

Smidt et al.56 (2002) established a systematic review looking at corticosteroid injections as a treatment for lateral epicondylitis. Thirteen randomized controlled trials were taken into account. All articles included corticosteroid injection compared to either placebo, no treatment, local anesthetic, other cor​ticosteroid injections or other conservative treatment. 

Trudel et al.66 (2004) produced a systematic review seeking to determine the effectiveness of conserva​tive treatments for lateral epicondylitis. Thirty-one articles, discussing different conservative treatment modalities, such as ultrasound, acupuncture, rebox, wait and see policy, exercise, ionization, pulsed electromagnetic field, mobilizations, manipulations and laser, were reviewed by the authors.

Green et al.26 (2002) did a systematic review where the objective was to establish the effectiveness of NSAIDs (oral or topical) in the treatment of adults with lateral elbow pain with respect to symptom (pain) reduction, improvement in function, grip strength and adverse effects. Fourteen studies were included in the review, all of those were trials. 

Another study by Green et al.25 (2002) concerned itself with the effectiveness of acupuncture in the treatment of lateral elbow pain. The authors investigated whether pain reduction, and improvement in function and grip strength could be observed. Adverse effects were also taken into consideration. The study was designed as a systematic review and consisted of four randomized controlled trials com​paring acupuncture to placebo treatment or to another treatment modality. Two of the four trials com​pared needle acupuncture to placebo, one trial assessed laser-acupuncture versus application place and one compared a combination of acupuncture and vitamin B12 injections to vitamin B12 alone. 

A systematic review by Stasinopoulos et al.60 (2005) aimed to evaluate the effectiveness of shock wave therapy in the management of tennis elbow. The criteria for selecting studies were that the treatment had to be any type of shock wave therapy evaluated against at least one of the following: 

a) placebo

b) no treatment

c) another treatment (conservative or operative).

Seven eligible randomized controlled trials were identified for inclusion. 

Rompe et al.52 (2007) wrote a systematic review in order to determine the effectiveness of shock wave therapy for lateral tendinopathy. In total, ten articles were assessed in this review. In all ten trials, shock wave therapy was administered repetitively. The placebo group generally comprised a physical  block to the shock waves. 

Like with several other treatment modalities, Buchbinder  et al.10 (2002) assessed the efficacy of shock wave therapy for lateral elbow pain. The goal of the review was to evaluate the effectiveness and safety of extracorporeal shock wave therapy for lateral epicondylitis. The authors included nine trials that randomized 1006 participants to shock wave therapy or placebo and one trial that divided 93 patients to shock wave therapy or steroid injection. 

Further information regarding the articles can be found in Appendix VI.

3.2.3 Outcome measures

The included articles addressed at least one of the outcome measures of pain, strength, and ADL-function. 

3.2.4 Measurement tools used in the literature

DASH Outcome Measure

The DASH outcome measure (see Appendix VII) is a self-report questionnaire that is comprised of thirty items. It is intended to measure physical function and symptoms in people suffering from any of several musculoskeletal disorders in the upper limb. In other words, the questionnaire was designed to help describe the disability that is experienced by people being afflicted by upper-limb disorders. 

Changes in symptoms or function over time can be monitored by applying DASH.

A shorter version of the DASH outcome measure is the QuickDASH (see Appendix VIII). Just like the DASH, this tool is valid, reliable and responsive and both can be used for clinical and research pur​poses. As one might expect, however, the full DASH outcome measure is more detailed and should be used if individual patients are to be assessed. 

The DASH outcome measure was jointly developed by the Institute for Work and Health and the American Academy of Orthopedic Surgeons.2, 19 

Visual Analogue Scale (VAS)

A visual analogue scale is one of the simplest measurement instruments for assessing the intensity of a subjective experience. Therefore, it is useful in measuring a characteristic or attitude that is believed to range across a continuum of values and cannot easily be directly measured. Most frequently, the VAS is used for examining pain levels. The pain experienced by a patient ranges across a continuum from none to an extreme amount of pain. For the patient, this spectrum seems to be continuous and pain levels do not take jumps, as one might assume when employing the categories “none”, “mild”, “moderate” and “severe”. In order to do justice to this idea of an underlying continuum the VAS was devised. 

Normally, the VAS is presented as a horizontal line of 100 mm length. At each end, the VAS is an​chored by word descriptors, for example, “no pain” and “very severe pain”. The patient is asked to mark the line at a point that he/she feels represents his/her pain level best.

Visual analogue scales have been presented in many different styles so far. Some prefer to add extra descriptors to the two anchoring words, others apply vertical lines. 

Obviously, the assessment by VAS is highly subjective, which entails that VAS is most appropriate when looking at change within individuals. For comparisons across a group of individuals, it is of less value.13, 41, 48 

Grip strength

Grip strength measurements are attained in order to evaluate forearm muscle strength. Handgrip strength is important for many daily activities and in certain sports. The equipment required to measure grip strength is a dynamometer. Dynamometers are designed to measure torque or force exerted by a muscle or muscle group. With regard to epicondylitis lateralis, pain-free grip strength and maximum grip strength are both used as outcome measures.5, 23, 38 

Short Form 36

The Short Form 36 or SF-36 is a multi-purpose health survey containing thirty-six items. This questionnaire yields an 8-scale profile of functional health and well-being scores in addition to psychometrically-based physical and mental health summary measures. Not addressing a specific age, disease or treatment group, the SF-36 is a generic measure. Therefore, it is said to be useful in surveys of general and specific populations, comparing the relative burden of diseases. SF-36 is also made use of to differentiate the health benefits produced by various different treatments.7, 54 

Patient-rated Tennis Elbow Questionnaire

The questionnaire formerly known as “Patient-rated Forearm Evaluation Questionnaire” has now been termed “Patient-rated Tennis Elbow Questionnaire”. It is a 15-item questionnaire that has been developed with regard to patients suffering from lateral epicondylitis. The Patient-rated Tennis Elbow Questionnaire is supposed to measure forearm pain and disability. The patient is asked to evaluate his/her levels of tennis elbow pain and disability from zero to ten. In addition, function is also rated from zero to ten. 

The Patient-rated Tennis Elbow Questionnaire was developed so that tennis elbow braces could be evaluated for a master’s project.39, 51 

Likert scale

A Likert scale is a summative response scale most often used to assess attitudes or values. Likert scales are frequently used in questionnaires and survey researches. A series of statements is presented to the respondent, who is asked to choose an appropriately ranked response that reflects his or her agreement or disagreement with each one. Originally, Likert’s scale included five categories, namely “strongly agree”, “agree”, “neutral”, “disagree” and “strongly disagree”. However, many modifications to this model have been made to adjust to different research designs. 

Should a four-point scale be used, this is called a “forced choice” as the option “neither agree nor disagree” is not given. 

After the questionnaire is carried out, each item is either analyzed separately or in some cases item responses may be summed to create a score for a group of items.48, 70 

3.3 Results of the studies

The short-term and long-term results for the various treatment modalities with regard to the different outcome measures will be introduced in the following. 

3.3.1 Short-term results (≤ 8 weeks)

Stretching and strengthening

Of the twenty-nine included articles, three concerned themselves with stretching and strengthening for treating lateral epicondylitis. 

Martinez-Silvestrini et al.37 (2005) stated that all three patient groups included in their study ex​perienced a significant improvement in their pain levels six weeks after the initiation of the treatment modalities. However, no significant difference between the concentric, the eccentric and the stretching group could be identified with regard to pain. 

The isokinetic eccentric strengthening program that was compared to a conventional non-strengthen​ing rehabilitation program by Croisier et al.17 (2007) seemed to have shown significant reduction in pain, too. The authors claimed that after four weeks of treatment, a significant reduction of pain inten​sity was observed in both groups. The pain assessment after seven weeks, however, displayed a more marked decrease in pain levels in the isokinetic eccentric strengthening group compared to the con​ventional rehabilitation group. 

As far as pain-free grip strength is concerned, Martinez-Silvestrini et al.37 (2005) reported that, again, the three different intervention groups displayed a significant increase in strength after six weeks, but that no such significant difference between the groups was detected. 

Croisier et al.17 (2007) found that eccentric muscle performances in the isokinetic eccentric strengthen​ing group were significantly higher on the treated side in contrast to the contralateral side at seven weeks. The control group suffered a significant reduction in peak torque at the injured side. 
Concurring with the previous findings for pain and strength, Martinez-Silvestrini et al.37 (2005) suggested that ADL-functioning did improve both in the stretching as well as in the strengthening groups during the six weeks of treatment. Nevertheless, none of the groups proved to be superior to the others. 

According to the disability questionnaire conducted by Croisier et al.17 (2007) both groups also im​proved considerably with regard to ADL-function. The improvement was significantly higher in the isokinetic eccentric strengthening group, however. 

Trudel et al.66 (2004), who conducted a systematic review, reported that stretching and strengthening was said to be beneficial with respect to pain relief and ADL-function in several reviewed trials. 

Deep transverse friction massage

One systematic review provided information on the efficacy of deep transverse friction massage for lateral epicondylitis. 

Brosseau et al.8 (2002) suggested in their systematic review that no statistical difference in pain relief could be found after five weeks of treatment with deep transverse friction massage in patients suffer​ing from extensor carpi radialis tendinitis, when compared to other physiotherapy modalities. 

In addition, grip strength measurements also failed to show any significant improvement in com​parison with the control group. 
In the three types of functional status measurements conducted by Brosseau et al.8 (2002), no statis​tical difference speaking in favor of deep transverse friction massage with regard to short-term out​comes was detected. 

Surgery

Buchbinder et al.11 (2002), who intended to conduct a systematic review on the effectiveness of surgi​cal interventions in the treatment of adults with lateral epicondylitis did not succeed in finding any high quality randomized controlled trials. Therefore, no short-term results with regard to pain, strength and ADL-functioning could be referred to. 

Ultrasound therapy

Ultrasound therapy was considered in two articles with the following results:

Van der Windt et al.68 (1999) noted in their systematic review that only one trial with a high validity score informed about statistically significant and clinically important results in favor of ultrasound with regard to treating patients suffering from lateral epicondylitis. However, these findings were based on the results of a satisfactory questionnaire as data on pain was insufficient. The authors did not specify, whether the positive results were gained at the eight-weeks or twelve-months follow-up.

Trudel et al.66 (2004), who also composed a systematic review said that several trials indicated that ultrasound therapy showed positive short-term effects with regard to pain reduction and improvement of function in patients suffering from tennis elbow. 

Manipulation

Stuijs et al. (2003) and Trudel et al.66 (2004) described outcomes for manipulative treatment in tennis elbow. 

In the randomized pilot study conducted by Stuijs et al.61 (2003) pain measurements took place under several different aspects. The severity of the main complaint, pain during examination, pain during the day, pain during daily activities and pressure pain at the lateral epicondyle were measured. After six weeks of manipulative treatment or conventional physiotherapeutic modalities respectively, the mean decrease in scores for pain during the day was significantly larger in the manipulation group than it was in the other group. However, all further outcome measures did not reveal any difference. 
Neither pain-free grip force measurements nor maximal grip force measurements resulted in a statis​tically important difference between the two groups. 
The evaluation of the benefits of manipulative treatment and conventional physiotherapy treatment for lateral epicondylitis on ADL-function did not show differences of statistical importance, either. 

Trudel et al.66 (2004) discovered in their systematic review that manipulations had a positive effect with respect to pain reduction and function.

Orthotic devices 

Two systematic reviews were included that contained orthotic devices as treatment modality for lateral epicondylitis. 

 The composers of one of the systematic reviews on the efficacy of orthotic devices for the treatment of lateral epicondylitis, Stuijs et al.63 (2001), chose to look at five randomized clini​cal trials. 

Four of these studies compared orthotic devices to other conservative treatments, like corticosteroid injection, physiotherapy treatment and anti-inflammatory cream. 

Two studies dealing with orthotic devices versus corticosteroid injections reported opposing results with regard to pain improvement. While one study could not detect any difference in the treatment forms, the other found that corticosteroid injections was to be favored in the short-term.

The study that assessed orthotic devices and physiotherapy treatment spotted no differences between the groups with respect to short-term decrease in pain. However, this trial had a thirty percent drop-out rate.

One study opposed orthotic devices to anti-inflammatory cream and concluded that anti-inflammatory cream was more successful in reducing pain levels than the use of an orthotic device. 

Three studies displayed an orthotic device as an additional treatment, but no significant differences could be found in any of these studies. 

Despite the fact that the systematic review formulated by Borkholder et al.6 (2004) also assessed the efficacy of orthotic devices for lateral epicondylitis, it was of a fairly different design. The composers of this work categorized and specified different orthotic devices and made an effort to compare those to other treatment possibilities, but also, where possible, to each other. Eleven randomized clinical trials were identified as matching the inclusion criteria. In total, six splints belonging to five different categories were looked at. 

One randomized clinical trial reviewed by Borkholder et al.6 (2004) compared a patient group receiv​ing cast immobilization  and placebo to another group that was treated with cast and NSAIDs for fourteen days. Although the decrease in pain levels was significantly larger in the medication group, this decrease was said to not have been big enough to bring about a significant improvement between the two groups in the function scale. 

Another study making use of a different kind of splint reported that immediate effects of an elastic elbow restriction splint were non-significant.

For the inelastic, non-articular proximal forearm splint it was found that immediate effects on pain between wearing the splint and not wearing the splint were insignificant. However, at a three-weeks follow-up, pain proved to be significantly reduced as stated by two authors.   

A patient-subjects randomized clinical trial assessed an elastic, non-articular proximal forearm splint contrasting treatments with splint/manipulation, anti-inflammatory topical cream/manipulation, splint/manipulation/anti-inflammatory cream and manipulation alone. It showed that at the three-weeks follow-up, all groups had improved significantly from baseline, but that no group was superior to any other group with regard to pain. 
As far as strength is concerned, no study reviewed by Stuijs et al.63 (2001) discovered any significant difference in the short-term. 

One study employed by Borkholder et al.6 (2004) using an elbow flexion, forearm neutral, wrist neu​tral immobilization splint could not find significant differences in strength levels speaking in favor of splint use. However, for the inelastic, non-articular proximal forearm splint, several authors announced an increase in grip strength when wearing the splint for short-term. With regard to the elastic, non-articular proximal forearm splint no statistical difference could be detected. 
ADL-function was not an integrated outcome measure in any of the trials included in the systematic review by Stuijs et al.63 (2001) and only one study contained in the review by Borkholder et al.6 (2004) reported about ADL-function as an outcome measure. No statistical difference was identified with respect to the elbow flexion restriction splint. 

Laser

Information on laser as a treatment possibility was given by the articles of three authors.

Tascioglu et al.64 (2003) conducted a randomized clinical trial examining the effects of two weeks of low level laser and iontophoresis of ibuprofen on patients suffering from lateral epicondylitis. 

In the laser group, pain on pressure decreased in a statistically significant manner, while the scores for pain at rest, on resisted wrist extension and during activation did not so. 

After three weeks of treatment, Lam et al.33 (2007) detected significant improvements for pain levels in their study. These improvements were considerably greater in the laser group in comparison to the placebo group. 
Grip strength did not experience any improvement in the laser group, according to Tascioglu et al.64 (2003). In contrast to this,  Lam et al.33 (2007) found an increase in grip strength at the three-week follow-up in the laser group. 
Even though ADL-function was not an addressed outcome measure in the randomized clinical trial by Tascioglu et al.64 (2003), ADL-function was said to be improved in the patients treated with laser after three weeks of treatment by Lam et al.33 (2007).

According to the systematic review conducted by Trudel et al.66 (2004) laser therapy was ineffective for treating lateral epicondylitis. 

NSAIDs

The effectiveness of non-steroidal anti-inflammatory drugs was evaluated by three articles. 

The above described randomized clinical trial by Tascioglu et al.64 (2003) compared the short-term efficacy of ibuprofen iontophoresis and low-level laser in the treatment of lateral epicondylitis. At the end of the trial after two weeks, statistically significant improvement in the scores for pain at rest, on pressure, on resisted wrist extension and during activation could be observed in the group treated with ibuprofen iontophoresis. Even though the pain on pressure also decreased in the laser group, improvement in the ibuprofen group was significantly greater. Other changes in pain parameters indi​cated a greater improvement in the iontophoresis group, too, but no significant differences were seen. 

Based on the results of the randomized controlled trials reviewed by Green et al.26 (2002) it has been stated that topical NSAIDs seem to offer benefits in improving pain and symptoms in lateral elbow pain in short-term. 
The iontophoresis group in the Tascioglu et al.64 (2003) study proved to display significant changes in all strength measures. With respect to grip strength, ibuprofen iontophoresis was suggested to be statistically more effective than laser treatment. Although the applied lifting test showed improvement in the ibuprofen group and no difference in the laser group, the discrepancy was not statistically sig​nificant. 

ADL-function was not taken as an outcome measure in any of the discussed studies.  

Hay et al.29 (1999), although reporting some short-term benefits of NSAIDs in their randomized trial, stressed that these effects were of a lesser magnitude than those of corticosteroid injections. 

Corticosteroid injection

Being another frequently used treatment modality, corticosteroid injections were addressed in three articles. 

In the trial conducted by Crowther et al.18 (2001) a significant pain reduction after six weeks was seen in the corticosteroid group when compared to the patients that received shock wave therapy. It was evident that even though the patients being treated by shock wave did also experience a decrease in pain, this effect was considerably smaller than in the corticosteroid group. 

Smidt et al.56 (2002) who created a systematic review on the efficacy of corticosteroid injections in lateral epicondylitis discovered that almost all of the thirteen included randomized controlled trials found beneficial short-term effects with respect to pain reduction. 

Comparing the clinical effectiveness of local corticosteroid injection, standard non-steroidal anti-inflammatory drugs, and simple analgesics for the early treatment of lateral epicondylitis, Hay et al.29 (1999) identified a clear improvement in pain much greater in the corticosteroid group than in the naproxen and placebo group.

Strength and ADL-function were not emphasized as outcome measures by Crowther et al.18 (2001), whereas increased grip strength was noted as a short-term effect of corticosteroid injections, according to Smidt et al.56 (2002).

The trial by Hay et al.29 (1999) revealed that ADL-function improved considerably in the patients treated with corticosteroid injections. 92% of this group reported recovery or improvement compared to only 57% and 50% in the naproxen and placebo group. 

Shock wave therapy

In total, eight studies reported on the efficacy of shock wave therapy in treating tennis elbow. 

As mentioned before, Crowther et al.18 (2001) found a reduction in pain after six weeks of shock wave therapy. Nonetheless, this decrease in pain levels was much less than the pain decrease achieved in the corticosteroid group at the same time. 
Speed et al.59 (2002), who assessed adults suffering from lateral epicondylitis being treated either with active extracorporeal shock wave therapy or sham therapy discovered that after one month of treat​ment, VAS scores for pain experienced a mean decrease of 7.5 in the extracorporeal shock wave group, and a decrease of  6.1 in the sham therapy group. 

In the sixty subjects that were examined in the trial by Chung et al.16 (2005) pain reduction between the active and the sham group did not differ significantly at eight weeks follow-up. Nevertheless, the authors stated that in the short duration of less than sixteen weeks, 14% of the sham group were classi​fied as treatment success and 50% of the active ESWT group were considered to have experienced successful treatment. 

Pettrone et al.45 (2005) applied follow-up visits at one, four, eight and twelve weeks. With regard to short-term results, it was said that the active treatment group scored higher in all measurements. Approximately 50% change for the better was noticed in the active treatment group with regard to pain, functional scale, activity score and overall impression. In comparison, changes in the placebo group at the same measurements were only about 30% for the better. Grip strength was 23% better for the active treatment group and 12% for the placebo group.

Spacca et al.58 (2005) noticed that short-term results, taken after four weeks of treatment showed a significant difference between the groups. Pain-free grip strength improved in both groups, but only clinically significant in the experimental one. VAS scores significantly decreased in the experimental group, but increased in the control group. DASH measurements demonstrated a significant effect of treatment between the groups. Comparing the parameters before and after treatment, within each group, a statistically reduction is shown in the study group which is clinically relevant. The control group statistically showed a slight reduction, but without any clinical relevancy.


Conflicting results with regard to pain, strength and ADL-function were found by Stasinopoulos et al.60 (2005) when reviewing the various trials concerned with the effectiveness of extracorporeal shock wave therapy in treating lateral epicondylitis. While some authors reported positive effects of shock wave therapy, others could not detect any beneficial outcome measures in short-term.

Just like Stasinopoulos et al.60 (2005), Rompe et al.52 (2007) found contradictory results by reviewing ten articles. Pain levels and ADL-function were said to have improved due to shock wave therapy by some authors, others claimed to have proven that shock wave therapy was not beneficial for treating lateral epicondylitis. 

Based upon the systematic review of nine placebo controlled trials, Buchbinder et al.10 (2005) found ‘platinum’ level evidence that shock wave therapy provides little or no benefit in terms of pain and function in lateral elbow pain. In addition, there was ‘silver’ evidence that steroid injection may be more effective in short-term than shock wave therapy. 

Botulinum toxin

The use of botulinum toxin in the treatment of lateral epicondylitis was looked at in two trials. 

Wong et al.72 (2005), who assessed this subject, observed that after four weeks the patients receiving botulinum injection displayed a significant decrease in pain in contrast to the placebo group. 

Another study on the efficacy of botulinum toxin was carried out by Placzek et al.47 (2007). A signifi​cant improvement in pain scores was measured in the botulinum group, compared with the score for the placebo group. A progressive improvement during the whole follow-up period was observed with regard to pain, whereas grip strength did constantly increase in both groups, but without a significant difference between the groups.
Wong et al.72 (2005) also came to the result that grip strength was not statistically different between the botulinum and the placebo group.

Topical nitric oxide

Topical nitric oxide was suggested for treating lateral epicondylitis by one author. 

A significant decrease in elbow pain with activity was noted at week two of the treatment with topical nitric oxide in the experimental group by Paoloni et al.43 (2003). 

Acupuncture 

Acupuncture for the treatment of tennis elbow was discussed in the systematic reviews by Trudel et al.66 (2004), Green et al.25 (2002) and in the randomized trial conducted by Fink et al.24 (2002).

The first review ascertained positive short-term effects for pain reduction and improvement in ADL-function. 

The systematic review by Green et al.25 (2002) on the efficacy of acupuncture for treating lateral elbow pain reported that needle acupuncture gave some short-term effects with regard to pain. These effects were seen in the 24 hours after treatment. Benefits lasting longer than 24 hours were not detected. 

Fink et al.24 (2002), who performed follow-up measurements at two weeks and two months after initiation of the treatment, found that the effect of the treatment was particularly marked at the first follow up and was clinically relevant at that time. A big difference in pain was noted between the groups, the experimental group experiencing considerably more pain relief than the control group. A significant reduction in disability and gain in strength were seen in both groups at the two week follow up, but the better results were provided by the experimental group. With regard to pain, no significant difference could be detected between the two groups at two months follow-up. However, there was a significant reduction in disability (DASH) at the two months follow-up in favor the experimental group.

3.3.2 Long-term results (≥ 6 months)

Long-term measurements were only taken by a minor number of studies. Due to that, it was not possi​ble to evaluate the efficacy of all of the proposed treatment modalities with regard to long-term. 

Ultrasound therapy

As already stated in the short-term results, Van der Windt et al.68 (1999) expressed that one out of three high validity trials about ultrasound treatment in lateral epicondylitis mentioned positive effects for this approach. According to this study the difference in success rate was 15%. One study with a relatively low validity score declared that statistically significant and clinically important differences were found for success rate and pain improvement when ultrasound treatment was compared to no treatment speaking in favor of ultrasound treatment. The long-term follow-up measurements were taken at twelve months. Three additional studies on the subject compared ultrasound treatment with other interventions and resulted in inconsistent outcomes for pain and functional disability.       

Orthotic devices

Long-term measurements on the effectiveness of orthotic devices were taken in one study included by Stuijs et al.63 (2001), namely the one comparing two orthotic devices with each other. No differences could be noticed for either of the outcome measures. 

NSAIDs

Hay et al.29 (1999) stated that the group treated with NSAIDs did show a small but significant differ​ence with respect to pain improvement speaking in favor of non-steroidal anti-inflammatory drugs compared to corticosteroids. This advantage was not present for the outcome of ADL-function, how​ever. 

Corticosteroid injection

Smidt et al.56 (2002) determined that the beneficial effects seen for corticosteroid treatment in short-term, were not present anymore in long-term. In contrast, other conservative measures promised to be more effective than corticosteroid injection considering long-term outcomes. 

At twelve months, Hay et al.29 (1999) stated, there were small but significant differences in favor of naproxen and placebo treatment, instead of corticosteroid therapy with regard to pain, but no differ​ences were seen in ADL-function for the three groups. A small number of patients who initially responded well to the corticosteroid treatment suffered relapse after six months. 

Shock wave therapy

Follow-up tests at six, nine, and twelve months were conducted by Chung et al.16 (2005) with the result that sham treatment showed to be more effective than active extracorporeal shock wave therapy for pain relief and pain-free grip strength. In the longer duration, which was considered to be more than sixteen weeks by the authors, 50% of the sham group were classified as treatment success, while only 27% of the experimental group was attributed as a success. 

Long-term measurements were also taken by Haake et al.27 (2002) after twelve months. There was no relevant difference between the groups of active and sham treatment. Improvement was observed in two-thirds of the patients from both groups. 

In the study carried out by Pettrone et al.45 (2005), long-term follow-up tests were taken at six and twelve months. As most of the patients in the placebo group had been lost to crossover at six months, comparison between the groups was not possible anymore. A last measurement was done at twelve weeks. Ninety-three percent of the active treatment group reported at least 50% improvement and the remaining 15 subjects in the placebo group reported the same results. 

Spacca et al.58 (2005) discovered that significant differences were seen after treatment between the groups. Pain-free grip strength improved in both groups, but only clinically significant in the study group. VAS scores decreased in both groups, but to a greater extend in the intervention group. DASH demonstrated a significant effect of treatment between the groups. Comparing the parameters before and after treatment, within each group, a statistically reduction was noticed in the study group, which also was clinically relevant. The control group showed a slight reduction, but without any clinical relevancy.

Even though some of the articles reviewed by Rompe et al.52 (2007) performed follow-up measure​ments at twelve months after treatment initiation, unambiguous results could not be obtained. 
Topical nitric oxide

Long-term follow-up tests taken by Paoloni et al.43 (2003) at week twenty-four showed significant improvements in all measures taken for both groups when compared with baseline. Patient-reported outcomes at that time found 81% of the patients in the experimental group to have had excellent im​provement, while only 60% of the placebo group rated their condition as excellent. 

Local anesthetics 

Zeisig et al.73 (2008) examined the pain relieving effects of intratendinous injections in patients with tennis elbow. The twelve month follow up showed that both groups, the one treated with polidocanol and the one receiving lidocaine in combination with epinephrine, had significant improvement in grip strength and pain. There was, however, no significant difference between the two groups. 50-62% of patients claimed to have experienced positive effects, the patients being equally divided in the two groups. 

3.3.3 Reported side effects

Only five authors mentioned the occurrence of side effects. The other studies did not provide infor​mation on adverse effects, but whether this was due to not assessing any possible side effects or there not being any was not further established. 

NSAIDs

Green et al.26 (2002) reported that side effects of NSAIDs were minor, but did not specify this state​ment any further. 
Corticosteroid injection

Eight of the thirteen trials reviewed by Smidt et al.56 (2002) provided information on adverse effects noticed with corticosteroid injections such as facial blushes, post injection pain and local skin atrophy.

Shock wave therapy

The only author referring to side effects of shock wave therapy was Buchbinder et al.10 (2005). They reported that shock wave therapy lead to pain, nausea and reddening of the skin in some cases. 
Botulinum toxin

Mild paresis of the fingers occurred in four patients treated with botulinum injection in the trial by Wong et al.72 (2005). One of these patients had persistent symptoms for twelve weeks.

Topical nitric oxide

The observed and reported side effects in the experimental group in the study conducted by Paoloni et al.43 (2003) included:

· headache in 63%

· dermatitis rash in 21%

· facial flushing and cutaneous angiodysplasia in 2%.

Only 35% of the patients in the topical nitric oxide group experienced no side effects during the six months of the trial. However, patients belonging to the placebo group did also report side effects, namely headaches and dermatitis rash.

3.3.4 Authors’ conclusion

Stretching and strengthening

Martinez-Silvestrini et al.37 (2005) concluded that the three discussed treatment approaches, stretching, concentric and eccentric strengthening, all demonstrated improvement at short-term with regard to the outcome measures of pain, strength and ADL-function. Eccentric training, which was the matter of interest, however, did not show to be statistically different from the other two treatment programs in outcome. Nevertheless, the authors regarded it to be encouraging that the eccentric training program was not associated with an exacerbation of symptoms. As there was no long-term follow up carried out in this study, the authors mentioned the need for studies assessing the long-term outcomes of eccentric strengthening in lateral epicondylitis. 

Closing, Croisier et al.17 (2007) stated that a significantly more marked reduction of pain intensity after treatment was seen in the isokinetic eccentric strengthening group. In addition, strength deficits in the forearm muscles were prevented and participation in occupational, leisure time and sports activities was increased. The authors claimed to have proven the short-term effectiveness of an isoki​netic eccentric training program, but simultaneously expressed the necessity for carrying out long-term studies on that subject. 

In accordance with the above mentioned authors, Trudel et al.66 (2004) suggested stretching and strengthening exercises to possess beneficial effects for patients with lateral epicondylitis. However, Trudel et al.66 (2004) made it clear that further studies of  good quality were needed in order to support these findings.

Deep transverse friction massage

Even though deep transverse friction massage in combination with other physiotherapy modalities did not reveal consistent benefit with regard to pain relief, improvement in grip strength and functional status for patients with epicondylitis lateralis, Brosseau et al.8 (2002) pointed out that valid con​clusions could not yet be drawn on the effectiveness of deep transverse frictions massage due to the small sample size of the included randomized controlled trials. The authors emphasized the need for further larger scale studies. 

Surgery

Buchbinder et al.11 (2002) concluded that randomized controlled trials of a high quality are required in order to come to a substantiated and valid conclusion about the efficacy of surgery for the treatment of lateral epicondylitis. Even though case series had usually reported good outcomes with respect to pain reduction and minimal side effects, it was not possible to make statements about benefits and risks.

Buchbinder et al.11 (2002) suggested that operative interventions might be of value for patients with persistent lateral epicondylitis. However, the authors recommended that patients should undergo operation in the knowledge of it being an unproven treatment modality. 

Ultrasound therapy

Van der Windt et al.68 (1999) derived that the inconsistent results of the high quality studies offer weak evidence in favor of ultrasound therapy in treating lateral epicondylitis. 

Even though several trials reviewed by Trudel et al.66 (2004) reported beneficial short-term effects for ultrasound therapy, the review’s authors stated that no strong conclusions could be drawn due to lack of high quality RCTs. 

Manipulation

The authors of the randomized pilot study assessing the use of manipulation of the wrist in treating lateral epicondylitis came to the conclusion that manipulative treatment might indeed have superior effects compared to other physiotherapeutic treatment modalities. The measurement item ‘pain during the day’ showed to have improved results after six weeks of treatment. All other outcome measures could not indicate such a positive evolution. As the pilot study was composed of very few subjects, power was relatively low and Stuijs et al.61 (2003) called for a replication of the study’s results by large-scale randomized clinical trials that include a control group and longer follow-up.

Trudel et al.66 (2004) informed about positive effects of manipulations for pain relief and function improvement in patients with lateral epicondylitis. Nevertheless, they pointed out that further studies are required. 

Orthotic devices

Stuijs et al.61 (2001) articulated that due to the heterogeneity among the trials concerning the type of orthotic device and study population, and additionally due to the limited number of randomized clini​cal trials available, it was hard to draw clear conclusions on the effectiveness of orthotic devices. The authors warranted further high quality randomized clinical trials. 

As none of the included randomized clinical trials by Borkholder et al.6 (2004) was of a perfect quality score, the authors close with the statement that the studies offer early positive, but not conclusive support for the efficacy of splinting lateral epicondylitis. Just as Stuijs et al.61 (2001) they stressed the importance of further high quality studies. 

Laser

Tascioglu et al.64 (2003) pointed out that even though the patients treated by laser did show an im​provement with regard to pain after two weeks, this improvement showed in subjective measures. Therefore, they suggested that it might have been due to a placebo effect. The authors pleaded for not considering low-level laser alone as an effective treatment modality in epicondylitis lateralis. Placebo-controlled further studies are necessary in order to determine the true effectiveness of low level laser. 

After having carried out their trial, Lam et al.33 (2007) stated that low level laser therapy is effective in relieving pain, increasing grip strength and improving ADL-function in the short-term.

In contrast to Lam et al.33 (2007), Trudel et al.66 (2004) concluded that laser therapy is ineffective for treating tennis elbow. 

NSAIDs

Despite of the fact that both treatment groups, ibuprofen and laser, yielded improvements in terms of the measured outcomes, the authors Tascioglu et al.64 (2003) summarized that ibuprofen iontophoresis had far better effects. They claimed that their study confirmed the efficacy and safety of topical ibu​profen application and showed that there were greater improvements in this group than in the laser group. 

Hay et al.29 (1999) summarized that NSAIDs might have some positive effects in treating lateral epi​condylitis, but that further research is needed to clarify the subject matter. 

Having conducted their systematic review, Green et al.26 (2002) concluded that there is conflicting evidence for the use of oral NSAIDs. In addition, no direct comparison between oral and topical NSAIDs was available. Even though NSAIDs seemed to have some beneficial short-term effects, Green et al.26 (2002) emphasized that further randomized controlled trials are needed in order to draw definite conclusions about the efficacy of NSAIDs in lateral elbow pain. Especially investigating the long-term efficacy and oral NSAIDs would be sensible. 
Corticosteroid injection

According to Crowther et al.18 (2001), both corticosteroid injections and shock wave therapy proved to bring about a pain reduction with regard to short-term. However, injection of corticosteroids and local anesthetic was more effective than shock wave therapy. 

Smidt et al.56 (2002) put forward that there is insufficient evidence to draw firm conclusions on the overall effectiveness of corticosteroid injections for lateral epicondylitis. Be that as it may, almost all studies reported beneficial short-term effects, which were statistically significant and clinically rele​vant on nearly all outcome measures in favor of corticosteroid injections. These beneficial short-term effects, including diminished pain and increased grip strength, were not found at intermediate or long-term follow-up. When comparing corticosteroid injections with another conservative treatment, there was a suggestion of more favorable outcomes at long-term follow-up for medication or physiotherapy. 

Smidt et al.56 (2002) spoke in favor of conducting more RCTs that investigate short, intermediate and long-term effects of corticosteroid injection, which exhibit standardized outcome measures. 

Closing, Hay et al.29 (1999) suggested that corticosteroids are the initial treatment choice for lateral epicondylitis in primary care if the objective is to obtain optimal relief of symptoms during the early weeks. The authors emphasized, however, that regardless of the treatment modality the patient is likely to improve in the long run. Hay et al.29 (1999) demanded further research in order to establish why some patients do less well after initial pain relief by injection than others. 

Shock wave therapy

Crowther et al.18 (2001) did not consider shock wave therapy to be as effective as corticosteroid in​jection when it comes to short-term pain relief in lateral epicondylitis. 

According to Speed et al.59 (2005), there appeared to be a significant placebo effect of moderate dose ESWT in subjects with lateral epicondylitis, but there was no evidence of added benefit for treatment when compared to sham therapy. It was said that the placebo effect might have explained the signifi​cant improvements noted by others in uncontrolled studies. The authors pointed out that in order to make a statement about alternative doses or different dosage intervals in the management of tendi​nopathies further research is warranted before it can be advocated for such conditions. 

Chung et al.16 (2005) claimed to have proven that the use of ESWT for individuals with pain for greater than three weeks and less than 12 months who did not have previous treatment for the con​dition, cannot be supported. 

At the end of their trial, Haake et al.27 (2002) stated that the type of extracorporeal shock wave therapy used in their study turned out to be ineffective for treating lateral epicondylitis. They recommended to only apply ESWT in high quality clinical trials until proven to be effective. 

In contrast to several other authors, Pettrone et al.45 (2005) found that low-dose shock wave therapy without anesthetics was a safe and effective means for chronic lateral epicondylitis. 

Spacca et al.58 (2005) concluded that shock wave therapy (radial) effectively reduces pain and grip strength and elbow function, without device related adverse effects. The authors claimed radial shock wave therapy to be a new therapeutic modality that is safe and effective in the treatment of patients with tennis elbow.
Stasinopoulos et al.60 (2005) stressed that further research with well designed RCTs is required to pro​vide meaningful evidence on the effectiveness of ESWT in management of lateral epicondylitis. 

In agreement with Stasinopoulos et al.60 (2005), Rompe et al.52 (2007) stated that further research needs to be done to gain sufficient evidence to assess the effects of shock wave therapy on lateral elbow tendopathy. 

According to Buchbinder et al.10 (2005) shock wave therapy for treating lateral epicondylitis cannot be supported. 
Botulinum toxin

Wong et al.72 (2005) found that botulinum toxin injection might improve pain over a three-months period in some patients suffering from lateral epicondylitis, but this treatment form may also be associ​ated with digit paresis and weakness of finger extension.

Botulinum toxin was considered to be clinically effective and beneficial for patients with tennis elbow by Placzek et al.47 (2007). The authors presented this treatment modality as minimally invasive, being able to be performed in an outpatient setting, and not impairing the patients’ ability to work. 

Topical nitric oxide

Paoloni et al.43 (2003) concluded that the results of their clinical trial demonstrated that there were significant improvements in symptoms, clinical signs, provocative functional tests and patient out​comes in patients with extensor tendinosis treated with topical nitric oxide therapy when compared with tendon rehabilitation program alone. However, the authors stated that further studies are war​ranted to confirm the validity and reproducibility of the results, and also to determine the most effec​tive dosage regimen to maximize the effect and limit the side effects. 

Local anesthetics

Polidocanol and lidocaine in combination with epinephrine both provided pain relief in patients suffering from tennis elbow. Zeisig et al.73 (2008) drew the conclusion that both treatments gave simi​lar results. 

Acupuncture 

Trudel et al.66 (2004) made a few closing remarks, saying that definite conclusions about the efficacy of acupuncture for the treatment of lateral epicondylitis could not yet be made, because high quality studies were not available. 

It was stated by Green et al.25 (2002) that there is insufficient evidence to either support or refute the use of acupuncture, both needle or laser in the treatment of lateral elbow pain. They recommended that further high quality studies should be carried out in order to reach a definite decision. 

Fink et al.24 (2002) pointed out that the effect of treatment was particularly marked at the first follow-up at two weeks. The overall results of the study comparing real acupuncture with sham treatment were affected by the degree of occupational strain the subjects were exposed to. The overall effect of real acupuncture was said to be better because the improvement in the complaints was unrelated to occupational strain, whereas with the placebo group the patients with occupational strain exhibited significantly less improvement. 

For the sake of clarity, the extensive description of the results is summarized in table 5.

Table 5. Summary of the articles’ results
	Treatment form
	Results

	Shockwave therapy
	Short-term:

· May have some short-term effects with regard to pain, strength and ADL-function

· No significant differences compared to placebo/control groups

· Conflicting results

Long-term:

· No differences between shockwave therapy and sham therapy at long-term follow up

· Sham therapy shows better results in some studies

· More long-term follow up studies needed

Side-effects:

· May lead to pain, nausea and reddening of the skin in some cases


	Corticosteroid injections
	Short-term:

· Clearly beneficial effects with regard to pain reduction and ADL-function

· Has a proven short-term effect with regard to pain, ADL-function and strength compared to other conservative treatments

Long-term:

· Beneficial short-term results not evident in long-term

· Other conservative measures show better results

· A small number of patients suffered from relapse after 6 months

Side-effects:

· Eight of the thirteen trials reviewed by Smidt et al.56 (2002) provided information on adverse effects, such as facial blushes, post injection pain and local skin atrophy



	Stretching and strengthening
	Short-term:

· Significant reduction of pain, but no difference between concentric/eccentric exercise or stretching

· Isokinetic strengthening may be more effective with regard to pain compared to conventional rehabilitation

· ADL-function improvement in all groups

· Beneficial with regard to pain and ADL-function

Long-term:

· No long-term measurements were made in the articles


	NSAIDs
	Short-term:

· Proven to offer short-term benefits with regard to pain and symptoms in lateral epicondylitis

· No ADL-function outcomes were taken

· Treatment effect less than that of corticosteroids

Long-term:

· May be more effective than corticosteroids with regard to pain, but no difference in ADL-function

Side-effects:

· Minor side effects reported, without further specification


	Laser
	Short-term:

· May be beneficial with regard to pain

· Strength benefits are contradictory between studies

· May improve ADL-function

· Laser stated as ineffective by one author

Long-term:

· No long-term measurements were made in the articles.


	Orthotic devices
	Short-term:

· Opposing results

· No advantage over other treatments

· Some splints may provide early pain relief

· No significant results with regard to strength improvement

· No significant results with regard to ADL improvement

Long-term:

· No relevant studies available


	Manipulation
	Short-term:

· Effective for pain relief

· No particular effect on strength

· May improve function

Long-term:

· No long-term measurements were made in the articles


	Deep transverse friction massage
	Short-term:

· No statistical difference in favor of DTFM compared to other treatments

Long-term:

· No long-term measurements were made in the articles


	Ultrasound therapy
	Short-term:

· May have positive short-term effects with regard to pain reduction and improvement in function.

· Weak evidence in favor of ultrasound with regard to its effects

Long-term:

· Inconsistent outcomes


	Surgery
	Short-term:

· Buchbinder et al.11 (2002), who intended to conduct a systematic review on the effectiveness of surgical interventions in the treatment of adults with lateral epicondylitis did not succeed in finding any high quality randomized controlled trials. Therefore, no short-term results with regard to pain, strength and ADL-functioning could be referred to.


	Botulinum Toxin
	Short-term:

· Provides significant decrease in pain in all studies

· No significant increase in strength compared to placebo

· ADL outcomes were not addressed

Long-term:

      -    No long-term measurements were made

Side-effects:

· Mild paresis of the fingers occurred in four patients treated with botulinum injection in the trial by Wong et al.72 (2005). One of these patients had persistent symptoms for twelve weeks

	Topical nitric oxide
	Short-term:

· A significant decrease in elbow pain with activity was noted at week two of the treatment with topical nitric oxide in the experimental group in one study

· Only one study available

Long-term:

· Significant improvements in all measures taken 

· Only one study available

Side-effects:


- 
The observed and reported side effects in the experimental group in the study 


conducted by Paoloni et al.43 (2003) included:


-
headache in 63%


-
dermatitis rash in 21%


-
facial flushing and cutaneous angiodysplasia in 2%.

Only 35% of the patients in the topical nitric oxide group experienced no side effects during the six months of the trial. However, patients belonging to the placebo group did also report side effects, namely headaches and dermatitis rash.


	Acupuncture
	Short-term:

· Positive short-term effects with regard to pain and ADL-function

· Beneficial effects in first 24 hours

· Benefits lasting longer than 24 hours not detected

Long-term:

· No long-term measurements were made in the articles


	Local anesthetics
	Long-term:

· The twelve month follow up showed that both groups, the one treated with polidocanol and the one receiving lidocaine in combination with epinephrine, had significant improvement in grip strength and pain

· No significant difference between the two groups




4. DISCUSSION

4.1 Introduction 

The purpose of this chapter is to discuss the results of the twenty-nine articles included in our research.  The discussion seeks to clarify the subject matter with regard to our main question:

Which treatment approaches, based on evidence, give the best short- and long-term treatment effects on pain, strength, and ADL-function for patients diagnosed with lateral epicondylitis?

Next to that, the methodological quality, the various outcome measures used in the literature, and rele​vant related subjects will be addressed here.

Fairly early in our research it occurred to us that finding literature on the chosen subject was not going to be a problem. For lateral epicondylitis being such a common condition, many different authors have written about this issue discussing a huge variety of treatment modalities. However, literature of a high quality standard was scarce and hard to get a hold of. Many studies lacked sufficient designs and possessed vital flaws. Therefore, identifying eligible studies constituted a big challenge. At a later stage of the research, another difficulty that we encountered was analyzing and combining the differ​ent outcomes of the included studies, as great heterogeneity existed in the study designs.

As already mentioned above, the following sections in this chapter will discuss the frequently used treatment modalities for lateral epicondylitis with regard to pain, strength, and ADL-function in short- and long-term. Although we initially chose to consider only short- and long-term outcomes, more authors than expected also reported about intermediate effects in their trials. For that reason, inter​mediate outcomes will also be discussed here. 

4.2 Discussion of the methodological quality 

All articles that were found to fulfill the inclusion criteria were further assessed for their methodo​logical quality. User guides for evidence-based practice developed by the “Centre for Health Evi​dence”14 constituted the basis for the methodological quality assessment. Different guidelines where used according to the type of study design (primary and integrative studies). The guidelines were slightly modified and adjusted to fit the purposes of our research before applied. In addition, we cre​ated a user guide to be employed in order to assess articles dealing with operative interventions, as we considered them to represent a special category. 

So in total, three user guidelines were made use of which can be seen in Appendix IV.

In the beginning stages of our project, we planned to use the PEDro scale, a commonly applied tool in the assessment of the methodological quality of articles. However, after some more consideration it was decided against using the PEDro scale, as it appeared to be too narrow for our purposes. Still, being critical and guaranteeing a certain quality standard, we did not want to take the risk of omitting important information by excluding articles that did not fulfill the PEDro criteria. Of course, one al​ways has to be careful with establishing own quality standards and evaluation measures, but as we closely followed the guidelines developed by the “Centre for Health Evidence”14 we regard the methodo​logical quality assessment to have met sufficient standards. 

When assessing the methodological quality of an article, primary and secondary questions had to be answered as was previously described. The division into primary and secondary questions was made to indicate levels of importance. However, the grading was the same in both categories. Within the two categories, only the quantitative value of the questions answered positively was of relevance for the outcome. Differences in importance between the questions within one category were considered to be irrelevant and therefore not taken into consideration at evaluation. Nevertheless, one might have oppositions against just taking the quantitative values into account and argue that there are differences in importance between the posed questions. Indeed, slight bias due to this procedure cannot be totally excluded. 

Although all of the included articles were of a certain quality standard, there naturally were differences between the studies. Three articles obtained very high quality scores, namely Lam et al.33 (2007), Haake et al.27 (2002), and the systematic review about acupuncture by Green et al.25 (2002). As these studies had slightly higher quality scores, it is true that the statements made in these articles can be considered to be of a higher quality as well. Still, for the various articles not being comparable due to different designs and variables, the quality differences between the included studies could not be accounted for in the way that one might expect. 

4.3 Discussion of the articles’ results with regard to the main question 

Pain, strength and ADL-function are important outcome measures for patients suffering from lateral epicondylitis.1, 40, 46 

Being a complex concept, ‘pain’ is beyond an easy explanation. However, it is known that pain can range from mild discomfort to agonizing distress. It therefore has the potential to greatly disturb not only the physical well being, but also the emotional contentment and daily life of the patient. Often patients indicate pain to be the reason to seek help from a professional.46, 69 

It has been noticed that forearm strength diminishes in people that have been afflicted with tennis elbow for a longer period. As the forearm muscles play an important role in hand movement and function, it is obvious that a certain degree of strength in these muscles is absolutely needed. 

ADL-function, which is defined as the performance of basic activities accruing in daily life, such as dressing, eating, walking and the execution of leisure activities , is the broadest of the three concepts.40  It focuses on the activity level of the patient and is comprised of several different components. It can be said that pain and strength vastly influence ADL-functioning. Therefore, the three outcome meas​ures are interrelated and affect each other. 

The different treatment modalities for lateral epicondylitis will now be discussed with respect to short-term and long-term effects on these outcome measures.

Short-term effects were seen for the various treatment options from the initiation of the treatment up to eight weeks after the initiation, whereas long-term effects were considered to be those from six months on. 

Stretching and strengthening

Stretching and strengthening are typical modalities applied by the physiotherapist. They are con​sidered to belong to the standard rehabilitation program after overuse injuries, and are therefore fre​quently made use of.53 

Stretching, which is intended to mobilize and lengthen shortened and hypertone musculature, also improves the circulation in the tendon and in the muscle. Thus, the metabolic processes in these structures are expected to be enhanced and the healing processes promoted. 

Strengthening exercises can be of different nature. Concentric and eccentric strengthening programs are introduced to patients being afflicted with lateral epicondylitis, because it is being hypothesized that strengthening the disturbed muscle will result in less risk for the condition to reoccur.30
The three articles included in this research that addressed the modalities of stretching and strengthen​ing agreed in the fact that stretching and strengthening show beneficial effects in patients with tennis elbow. Even though Martinez-Silvestrini et al.37 (2005) and Croisier et al.17 (2007) performed trials of different designs, all the intervention groups, whether it was the concentric strengthening, eccentric strengthening, isokinetic eccentric strengthening or the stretching group, displayed significant reduc​tions in pain levels, improvements in strength and ADL-function. While Croisier et al.17 (2007) were able to detect a significant difference between the isokinetic eccentric strengthening group and the conventional rehabilitation group for these outcome measures, Martinez-Silvestrini et al.37 (2005) did not report to have found any statistically relevant differences between the groups. One might suspect now, that the isokinetic eccentric strengthening assessed by one author is superior in its effects on pain to the eccentric and concentric strengthening methods examined by the other author, when compared at approximately seven weeks after initiation of the treatment. However, as study designs were too heterogeneous, it would not be right to draw such a conclusion with certainty, yet.

Trudel et al.66 (2004), who considered the effects of stretching and strengthening in their systematic review on this subject, brought forward results from several reviewed trials supporting the general statement made by Martinez-Silvestrini et al.37 (2005) and Croisier et al.17 (2007).

Taking own experiences from practice into consideration, we agree with the general opinion men​tioned by the authors above, namely that patients suffering from lateral epicondylitis benefit from stretching and strengthening exercises. Still, how large these positive effects are and whether different forms of strengthening programs exhibit different levels of efficacy remains unclear. In addition, as both controlled trials operated with patients that had had the condition for several months, no con​clusions can be drawn on whether stretching and strengthening would be beneficial if applied in earlier stages. However, as patients suffering from lateral epicondylitis usually do not visit the physio​therapist in early stages of the condition, this might not be the most important question to answer. Un​fortunately, none of the studies included in the research took long-time measurements for stretching and strengthening. Especially with regard to the assumption of strengthening exercises helping to re​duce the risk of reoccurrence of the condition, it would have been highly desirable to conduct long-term follow-ups. 

Deep transverse friction massage

Despite the fact that friction massage has been claimed to be helpful in the rehabilitation of lateral epicondylitis, there were no statistical differences found speaking in favor of friction massage when compared to other physiotherapeutic modalities by Brosseau et al.8 (2002).

The authors of this systematic review stated that neither pain, nor grip strength, nor ADL-function was considerably improved by treatment with friction massage, when compared to the control group.

Friction which is said to cause local damage to the structures, is thought to liberate a histamine-like substance and other metabolites that act directly on capillaries and arterioles in the local area, thus causing vasodilitation. This vasodilitation is considered to be the first stage of a controlled inflam​mation in the target area, which again is the first step of a normal healing process.20,30 Acknowledging this theory as plausible and having had positive experiences with deep transverse friction massage when treating patients with tennis elbow, we ask to consider that it may well be possible that friction massage is not superior to other physiotherapy modalities, but that it might still present a successful means for treating this condition. Of course, it cannot be denied that friction massage is a highly pain​ful procedure, certainly not comfortable for the patient. Therefore, one might argue that friction mas​sage should not be applied, but less painful treatments be preferred. 

Surgery

Many different surgical interventions have been proposed for the treatment of lateral epicondylitis. 

Greatly depending on the view of the etiology of the condition that is adopted by the surgeon, various operations are performed. Among those are:

e) Total release of the extensor musculature from the lateral epicondyle,

f) distal tendon lengthening of the affected muscle,

g) excision of part of the extensor origin together with excision of the orbicular ligament, and

h) denervation of a radial nerve branch. 74
Although several studies assessing the different surgical interventions were found when conducting our literature search, only one systematic review fulfilled our quality requirements. The review by Buchbinder et al.11 (2002) came to the conclusion that high quality studies had not yet been conducted on this specific matter. This finding coincides with the results of our search performed six years later. 

It seems that creating good study designs that prepare the ground for substantiated conclusions is hard, when it comes to surgery as an intervention. Randomizing patients to different operative techniques is possible in theory, but not easily done in practice, as surgery is a far more invasive intervention as ultrasound therapy, for example.74 For the same reason, blinding of the subjects is not frequently achieved in these trials. Obviously, blinding of the surgeon is also not a possibility. Additionally, forming homogeneous groups and employing a control group is difficult for the following reasons:

Normally, surgical intervention is only considered, when other conservative treatment modalities have failed so far. This does not only imply that lateral epicondylitis has existed for a long period of time already, but also that the patient has gone through several different treatments in the past. As there are so many treatment options for tennis elbow, it is very unlikely that the various patients being con​sidered for inclusion in a trial have comparable histories, and therefore starting conditions. Also due to the fact that operation is employed as a last resort to hopefully achieve symptom relief, few patients agree to function as control group subjects.

We think it is likely that for the above mentioned problems, evidence for surgical interventions is missing. Nevertheless, Buchbinder et al.11 (2002) state that case series usually reported good outcomes with respect to pain reduction. As this concurs with patient reports heard by us, we agree with Buchbinder et al.11 (2002) that no evidenced-based statements about benefits and risks can be made. However, concluding from general practice, it could be suggested that surgery might be of value in patients with persistent tennis elbow. When other conservative measures have failed to produce an improvement in symptoms, patients might be advised to consider an operative intervention, being aware of it being an unproven treatment modality. 

Ultrasound therapy

Ten to fifteen years ago, ultrasound therapy was very popular for treating a great amount of con​ditions. This treatment modality has also been used a lot in the management of lateral epicondylitis. In their systematic review, Van der Wind et al.68 (1999) claimed that high quality studies reviewed by them offered weak evidence in favor of ultrasound therapy in treating lateral epicondylitis. Trudel et al.66 (2004) who considered ultrasound therapy in their systematic review as well, derived that even though some beneficial short-term effects of ultrasound therapy were observed, this evidence came from lower quality studies. Therefore, strong conclusions could not be drawn, due to the lack of a sufficient amount of high quality RCTs. 

From our experiences made during the clinical affiliations in the fourth year of our educational pro​gram, ultrasound therapy is not applied that frequently any more for treating tennis elbow. One might speculate on the reasons for that and assume that ultrasound therapy did not show to be as effective for the condition as initially claimed. If that were the case, it would coincide with the outcomes of the two discussed reviews stating that there is only weak evidence in favor of ultrasound therapy in short-term.

Inconsistent outcomes for the effectiveness of ultrasound therapy in long-term, made it impossible to reach a substantiated conclusion.  

Manipulation

Manipulative procedures for the treatment of lateral epicondylitis were described by Stuijs et al.61 (2001) and Trudel et al.66 (2004). As the authors discussed two different kinds of manipulation, com​paring or combining the results would not be sensible. Still, it can be said that both manipulation tech​niques seemed to be promising with regard to pain relief and function improvement in short-term. Even though Stuijs et al.61 (2001) conducted a randomized pilot study of low power, the positive results seen for the measurement item ‘pain during the day’ give reason to further assess the effective​ness of this kind of manipulation. Trudel et al.66 (2004) who composed a systematic review examining rehabilitation means for patients with tennis elbow also took manipulative treatments into considera​tion. The fact that they, too, reported about beneficial short-term effects with respect to pain and func​tion supports the notion that further research in this field is indicated. 

Orthotic devices

Although orthotic devices are frequently prescribed and the market is full of different kinds and brands of braces, splints and cuffs, the effects of these devices remain highly controversial. Stuijs et al.63 (2001), authors of a systematic review on this subject, were not able to provide clear results. Opposing outcomes were found in the reviewed articles. In combination with the heterogeneity among the trials concerning the type of orthotic device and study population, and the limited number of randomized controlled trials available, this accounted for the failure to draw clear conclusions on the efficacy of orthotic devices. After having conducted their systematic review, Borkholder et al.6 (2004) stated that most of the reviewed articles offered early positive, but not conclusive support for the use of splints in lateral epicondylitis with regard to short-term. However, as Borkholder et al.6 (2004) said themselves, these outcomes have to be interpreted very carefully, because only few of  the reviewed trials possessed good quality scores.   

As already mentioned before, there is a great variety of different orthotic devices available. Orthotic devices are usually used as a counterforce mechanism to diminish the overload forces that have been suggested to precipitate and prolong the incidence of lateral epicondylitis.69 Most of the devices are constructed to prevent a full contraction of the muscle when the patient extends the wrist, thereby relieving tension on the attachment of the extensor tendon.70 Whether this mechanism indeed works as intended in practice has still not been proven. Based on the findings of the two systematic reviews, it is fair to say that if the use of orthotic devices is considered, it should be applied as a supplement to another primary, more substantiated treatment form. The advantage of orthotic devices lies in the fact that it is a fairly cheap modality that is easy to apply and is not known to cause any adverse effects.62 Therefore, it might not be wise to exclude splints and braces for the treatment of tennis elbow due to insufficient prove. Should orthotic devices offer some beneficial effects on the desired outcome meas​ures, it would not be right to deprive the patients from this chance. 

Nevertheless, one also has to look at the other side of this matter. Even though the single brace or splint is not expensive, there is potential money in the industry. One might argue that, in total, a lot of money is spent on ineffective, or at best slightly effective treatment modalities.

Laser

Treatment by ‘Light Amplification by Stimulated Emission of Radiation’ or laser has been and still is used for lateral epicondylitis by some professionals. Looking at the three articles included in this research that did concern themselves with this kind of treatment, opposing results were obtained. De​spite of the fact that different intensities were used in the two trials by Tascioglu et al.64 (2003) and Lam et al.33 (2007), both did operate with low level laser. 

Tascioglu et al.64 (2003) found in their two-week trial that the only parameter showing improvement after laser therapy was ‘pain on pressure’, whereas all the other measures, like for example grip strength, did not experience a change for the better. As the positive effect occurred in a subjective measure, the authors hypothesized that a placebo effect might have been at work there. In contrast to Tascioglu et al.64 (2003), Lam et al.33 (2007) stated that they considered low level laser therapy to be effective in relieving pain, increasing grip strength and improving ADL-function in short-term. Although the study conducted by Lam et al.33 (2007) displayed a slightly higher quality score, it is questionable whether adopting these authors’ opinion without further trials supporting this statement is correct. Trudel et al.66 (2004), for example, observed in their systematic review that there is no evi​dence speaking in favor of laser therapy. They considered laser therapy to be ineffective for the treat​ment of tennis elbow. In order to come to a clear conclusion about the efficacy of laser for this con​dition, further high quality studies are required. Like with many other studies, no long-term follow-ups were carried out for laser therapy. Should through future high quality studies be established that laser indeed is beneficial for lateral epicondylitis, long-term outcomes should be considered as well. 
NSAIDs

Non-steroidal anti-inflammatory drugs are highly controversial for treating lateral epicondylitis. As has already been stated in the first chapter and will be further discussed in following parts of this chapter, tennis elbow has been proven to be a degenerative condition, instead of an inflammatory process. Therefore, the question why one should apply medication that is fighting inflammation naturally arises. The study by Tascioglu et al.64 (2003) previously described, however, attributed short-term improvements on pain and strength to the use of topical NSAIDs. In accordance to that, Hay et al.29 (1999) made known that NSAIDs might indeed exhibit some positive effects in treating lateral epicondylitis. Nevertheless, they advised on conducting more research on the subject to clarify the matter. Green et al.26 (2002), who reported conflicting evidence for the use of oral NSAIDs, suggested that further high quality studies, especially assessing the long-term efficacy and oral NSAIDs are needed. Still, the unsettling question if and why the application of non-steroidal anti-inflammatory drugs is beneficial for treating lateral epicondylitis, a degenerative condition, remains. Several theories on this topic can be established. One of them entails the assumption that although tennis elbow basi​cally is a degenerative condition without inflammation, in some cases, an inflammatory process might develop on top of that. This would explain the benefits brought on by NSAIDs then. Another theory might be that NSAIDs, known to have pain relieving effects due to inhibiting the cyclo-oxygenase enzymes responsible for controlling the formation of prostaglandins, which again are important mediators of inflammation36, act in yet another way that has not been discovered yet. 

There certainly needs additional research to be done concerning NSAIDs with regard to their effects on lateral epicondylitis. It does not seem to be logic to apply this kind of medication as a solitary means for treatment of tennis elbow on grounds of today’s knowledge. It also appears not to be wise to us to focus on a treatment modality that is not addressing the underlying pathology of the condition in question. 

Corticosteroid injection

Corticosteroid therapy is frequently chosen as a treatment for lateral epicondylitis by doctors. The injections are inserted into the tender area and possess powerful anti-inflammatory effects.36,65,70 Astonishingly, all of the three authors discussing this treatment modality ascertained that cortico​steroid injections have beneficial short-term effects in patients suffering from lateral epicondylitis. Smidt et al.56 (2002) found that pain was reduced and grip strength increased after corticosteroid treatment. In agreement with Smidt et al.56 (2002), Crowther et al.18 (2001) and Hay et al.29 (1999) stated that corticosteroid injections give short-term pain relief and improvement in function. 

With corticosteroids being anti-inflammatory agents, the same questions as for the application of NSAIDs must be posed. In addition to that, however, some other things should be considered. Long-term follow-ups on patients treated with corticosteroid injections showed that the beneficial short-term effects observed were not evident anymore. Furthermore, some patients suffered from relapses after six months. Finding the reason for this certainly requires more research. However, it has already been observed that corticosteroids possess the tendency to weaken tendinous structures and muscles, which could explain the relapses after some months.28, 67 

Reflecting on the positive short-term effects seen in corticosteroid treatments and taking the occur​rence of relapses into account, another aspect comes into mind. Even though the short-term results appear to be speaking in favor of corticosteroid treatment, it might be exactly these seemingly bene​ficial effects that are responsible for the adverse long-term outcomes. If the patient is freed from his symptoms in an early stage of the condition, it is very well possible that he or she does not allow the affected structures to get enough rest. Rest needed, in order to achieve proper healing. Therefore, although certainly uncomfortable and often disabling, it should be considered to not immediately oppress the pain, for it functions as warning sign. Should however be established that corticosteroid injection is the most desirable treatment modality for a patient, good patient education is absolutely essential, in which it is explained to the patient that even though the symptoms are likely to decrease very soon, resting the affected arm is crucial in order to not cause any further damage, but allow heal​ing. 

Yet another point of interest are side effects of corticosteroid injections. One serious side effect, that has already been mentioned briefly, does not reveal itself immediately, but shows in long-term; it is the weakening and damaging effects corticosteroids are said to have on tendinous structures. Accord​ing to, for example, Haraldsson et al.28(2006) and Unverferth et al.67(1973), corticosteroids reduce the tensile strength of collagen fascicles and render the tendon prone to further injury. Still, the fast and extensive symptom relief brought on by corticosteroid injections should probably not be under​estimated. Therefore, we advise to not repeatedly apply this measure and to simultaneously perform strengthening and stretching exercises, in order to oppose weakening of the tendon. 

Other side effects mentioned by the different authors were facial blushes, post injection pain and local skin atrophy. As these side effects were reported to be reversible and not too disabling, one could say that they are permissible in the light of the overall improvement seen for short-term. 

Keeping the above discussed aspects in mind, we agree with Hay et al.29 (1999) that corticosteroids have been shown to be the initial treatment choice for lateral epicondylitis in primary care, if the objective is to obtain optimal relief of symptoms in the early weeks. However, if positive long-term effects are desired, corticosteroid treatment should best be accompanied by detailed patient infor​mation in order to prevent repeated overuse due to lack of symptoms, and later on also by strengthen​ing and stretching exercises for the above mentioned reasons. 

Shock wave therapy

Today, shock wave therapy is being used a lot in the treatment of lateral epicondylitis. Looking at the results of the eight studies included in our research assessing this treatment modality, a certain dis​crepancy between common practice and scientific research is noticed. Judging by the frequency with which shock wave therapy is applied for this condition, one would expect there to be high evidence of the effectiveness of this treatment. Analyzing the results, this does not seem to be the case without restrictions, though. Conflicting results with regard to short-term effects of shock wave therapy were found. While some authors, like Crowther et al.18 (2001), Speed et al.59 (2002), Chung et al.16 (2005) and Buchbinder et al.10 (2005) came to the general conclusion that shock wave therapy did not provide any beneficial short-term effects in patients with tennis elbow, Pettrone et al.45 (2005) and Spacca et al.58 (2005), although assessing different kinds of shock wave, granted this modality positive short-term effects. Where long-term measurements were obtained, these were in accordance to the short-term effects mentioned. 

Stasinopoulos et al.60 (2005) and Rompe et al.52 (2007) concluded that further high quality research is required in order to make a valid statement on the efficacy of shock wave therapy. 

Speaking out of experience from the clinical affiliation conducted in the fourth year of our educational program, good results have been achieved with shock wave therapy in patients suffering from tennis elbow. However, considering that most studies included in this research divest shock wave from hav​ing beneficial effects, one might suspect that shock wave therapy is applied so often in the treatment of lateral epicondylitis, because of financial reasons. Due to this, we recommend that it should be invested in further research before declaring shock wave therapy as ineffective or effective.

Acupuncture

Acupuncture is an old Chinese treatment modality derived from the traditional Chinese medicine practice. The underlying thoughts in accordance to Chinese medicine are that illness and pain might occur due to internal or external causes. One may be exposed to external pathogen factors such as wind, cold, humidity et cetera which can lead to pathologies affecting the airways. On the other hand illnesses occur due to internal causes such as emotional stress, bad nutrition, trauma, lack of training, and so forth. The diagnosis is made by questioning the patient. Based on that, the points where the needles are to be inserted are determined.70 In western countries, acupuncture has been more and more accepted the past decade and many physiotherapists take courses and use it as a treatment modality for several different conditions.

Fink et al.24 (2008) did a randomized controlled trial where they compared real acupuncture with sham acupuncture in patients with lateral epicondylitis. They found that real acupuncture could be beneficial with regard to pain in the very short-term (two weeks after intervention), but no significant differences were seen between the groups with regard to ADL-function two weeks after treatment. At the two months follow-up no significant differences were observed between the groups, either. However, the study by Fink et al.24 (2008) did only include forty-five subjects in the trial and had a dropout rate of approximately 11%. The small sample size of the study naturally accounts for a lower power, as smaller samples are considered to be less likely to represent population characteristics well. 

In the systematic review by Green et al.25 (2002) the effectiveness of acupuncture in the treatment of adults with lateral epicondylitis was assessed. The authors included four trials in the review and basically came to similar results as Fink et al.24 (2008), namely that acupuncture is beneficial in the very short-term. Acupuncture is a treatment modality dependent on precision. The exact localization and depth of needle insertion is vital and may render the outcome considerably. Hence, the acu​puncture treatment should always be provided by a well-skilled acupuncturist who has had a funda​mental education in this field.69 

Taking our own experiences from practice into consideration, we agree that acupuncture can have some effect with regard to pain in short-term. However, it has to be said that the patient’s response is highly individual. Acupuncture treatment certainly does not bring about beneficial effects for every patient and is also not suitable for every patient. The fact that the needles penetrate the skin poses a threat to the body’s integrity in many peoples’ minds. Defense mechanisms, be it mental or physical ones (for example increased muscle tone) hugely hinder treatment success. Nevertheless, these aspects are not the only variables influencing the treatment results. How long the condition of tennis elbow has already existed in the patient and the stage the affliction is in also seems to affect the responsive​ness to this kind of treatment. If the condition has existed for a longer period of time and if it is in a chronic stage, a greater number of treatment sessions is often needed in order to achieve positive results.69 

Furthermore, it might be worth considering, whether the effect of acupuncture treatments in lateral epicondylitis actually is worth the effort and the money that is associated with this treatment appli​cation. If acupuncture indeed only shows benefits for twenty-four hours after treatment, other pain relieving, longer-lasting and cheaper treatment modalities might be preferred. 

Local anesthetics

The use of local anesthetics in the treatment of lateral epicondylits is not yet commonly applied in practice. In this research the only included study on this subject matter was done by Zeisig et al.73 (2008) were the aim was to examine the pain relieving effects of intratendinous injections in patients with tennis elbow. The results from the study revealed that both groups had significant improvement in grip strength and pain at the twelve months follow-up, but no significant differences could be seen between the two groups. As none of the members of our study group made any experiences with local anesthetics in form of injections for the treatment of lateral epicondylitis, we can only draw con​clusions from the conducted study. It seems that injecting local anesthetics shows positive effects in patients suffering from tennis elbow with regard to pain and grip strength. Even though or better because of there not being any other randomized controlled trials of desired quality found to support or refute the statements made by Zeisig et al.73 (2008), we suggest that more high quality RCTs should be carried out, including more frequent follow-ups, in order to draw definite conclusions about the promising treatment modality of local anesthetic injection. 

Botulinum Toxin 

Botulinum toxin has been known to be beneficial for pain syndromes for a long time now. In the last few years, it has also become a treatment option for various overuse injuries, like tennis elbow, for example. A plausible explanation of its effect in lateral epicondylitis is that the paralytic agents of botulinum toxin force the extensor muscle group to rest for a period of two to four months. Thus, the tendon fibers close to the lateral epicondyle are allowed time to repair. Injection treatment of epi​condylitis lateralis with botulinum toxin is described by Wong et al.72 (2005) and Placzek et al.47 (2007). Both authors discovered a significant decrease of pain in the patients treated with botulinum compared to the placebo groups. A progressive improvement during the whole period with regard to pain was observed, while the grip strength was not statistically different in the groups. However, an increase in strength should maybe not be expected, as the main function of botulinum toxin is to en​hance rest and therefore repair of the muscle fibers. 

Some patients experienced weakness of finger extension, and paresis of the digits. In one patient, paresis lasted for more than three months. This shows, that even though botulinum toxin may have been made popular and played down through its frequent use in cosmetic medicine (BOTOX), it is the most powerful toxin known. Therefore, it is necessary to have the adverse effects properly addressed and researched on with regard to their severity and duration. In addition, applying the correct dosage of botulinum toxin is essential. Are too high doses applied, muscle function is irretrievably lost.70  

However, based on the two studies by Wong et al.72 (2005) and Placzek et al.47 (2007) one can say that an injection with botulinum toxin offers significant reduction of pain in the short-term. For that reason, one should consider that with the correct application and dosage, botulinum, a neurotoxin, can provide beneficial effects in patients suffering from lateral epicondylitis. 

Obviously, additional studies are needed to better identify the magnitude of pain relief and the side effects associated with botulinum toxin. 

Topical nitric oxide

Another treatment modality, also not yet commonly made use of in practice, is the application of topi​cal nitric oxide. This is a rather new intervention when concerned with tendon healing. It has been suggested that nitric oxide stimulates collagen synthesis by wound fibroblasts.43 Today the status on the efficacy of this treatment is not widely documented. With only one RCT included reporting on positive effects of this measure, to make any substantiated and definite conclusions would not be correct. On the other hand, the trial performed by Paoloni et al.43 (2003) revealed promising results, showing a significant decrease in elbow pain with activity which was noted at week two of the treat​ment with topical nitric oxide in the experimental group. The effects in reducing symptoms prolonged and at six months, eight out of ten patients were asymptomatic during activity compared to six out of ten in the control group. This implies that the effect on this intervention improves pain with activity and late functional measures. In addition to its seemingly beneficial effects, topical nitric oxide has great advantages as its application is so easy. With proper instruction on application and its frequency, patients can carry out their treatments without having to go and see a doctor, which saves time and costs. Nevertheless, as tempting as it is, to draw any conclusions at this stage concerning the effects on topical nitric oxide would be inappropriate, as already mentioned above. More high quality research is required to establish its effects before this treatment form can be fully acknowledged.

4.4 Intermediate effects

When creating the main question guiding us through our research, we made the decision to pay special attention to short-term and long-term effects. Short-term was determined to be from the initiation of treatment up to eight weeks and long-term was considered to be everything from six months on. This division was selected for two reasons. One reason was that after initial, fairly unorganized search for literature, it seemed that there was most information to be found on the above described time spans and not on the time in between. Another prior thought on this subject was that we believed it to be of more benefit to look at two really distinctive periods of time that did not merge into each other or overlap, for the sake of clarity. 

However, through the course of our research, it became apparent, that in contrast to our initial assumption, several authors actually did provide information on intermediate effects. We also realized that by leaving sixteen weeks unconsidered, we would omit important information and suggestions for the treatment of lateral epicondylitis. 

Because of that, we slightly changed our procedure and gathered intermediate results as well. Results from the time period between eight weeks and six months were, for example, conducted from Crowther et al.18 (2001), who performed a prospective, randomized study comparing extracorporeal shock-wave therapy and injection of steroid for the treatment of tennis elbow. The intermediate measure​ment was taken at three months. Cowther et al.18 (2001) found that patients in both groups, whether treated by shock wave therapy or corticosteroid injection, had experienced further pain re​duction. Yet, the injection group displayed significantly better results than the shock wave therapy group, according to the authors. While ten out of nineteen patients treated with shock wave were con​sidered to be ‘treatment failures’, only four treated by corticosteroid injections belonged to this cate​gory. At three months, 84% in the injection group had a reduction of pain greater than 50%, in com​parison to 29% in the shock wave group. 
These findings at three months follow-up are in line with what has been observed for short-term measure​ments with regard to the difference between corticosteroid injections and shock wave therapy. While corticosteroid injections gave considerable pain relief, the effects noticed with shock wave therapy were much smaller. However, the fact that Cowther et al.18 (2001) reported about positive effects of corticosteroid injections for intermediate term is a contradiction to what Smidt et al.56 (2002) claimed in their systematic review, namely that the beneficial short-term effects where not evident for intermediate or long-term. Still, as Smidt et al.56 (2002) did not specify ‘intermediate’ or ‘long-term’ any further, we cannot be sure of speaking about the same time span here. It might well be possible, that intermediate term was considered to begin later than three months after treatment initiation by Smidt et al.56 (2002).  
Botulinum toxin was in focus as a treatment modality for tennis elbow in the trial conducted by Placzek et al.47 (2007). A significant improvement in pain scores was measured in the botulinum group, compared with the score for the placebo group at intermediate term. A progressive improve​ment during the whole follow-up period could be observed with regard to pain, whereas grip strength did constantly increase in both groups, but without a significant difference between the groups. As already mentioned earlier in the report, botulinum toxin seems to have good effects with respect to pain. For it being a very powerful toxin, however, we advise that further high quality randomized controlled trials be carried out in order to reach a better evaluation of the effects and adverse effects of this treatment. 

Zeisig et al.73 (2008), who examined the pain relieving effects of intratendinous injections in patients with tennis elbow came to the conclusion that after three months both groups, the one treated with polidocanol and the one receiving lidocaine in combination with epinephrine, had significant im​provement in pain. There was, however, no significant difference between the two groups. 50-62% of patients claimed to have experienced positive effects, the patients being equally divided in the two groups. As one can see, the study’s outcome was the same for intermediate-term as it was for short-term measurements.

4.5 Discussion of measurement tools

Various measurement tools have been used to establish treatment success or failure in patients suffering from tennis elbow. Among those are numerous questionnaires, tests and scales providing important information about the patient’s status. Most of the tools are both relevant and valid and are sensitive to small changes in the patient’s level of pain and function.55,57 The Disability of Arm, Shoulder and Hand questionnaire, or DASH19, the Short-form 3654, and the Likert scale7 all contribute to creating a more comprehensive picture of the patient’s complaints, but they, as Trudel et al.66 (2004) stated, are not very specific for the diagnose of lateral epicondylitis. The Patient-rated Forearm Evaluation Questionnaire51 has recently been renamed Patient-rated Tennis Elbow Questionnaire, as it is very precise with regard to pain and function in people with tennis elbow.

The Visual Analogue Scale (VAS)48 is frequently used for pain measurements. For it being a subjective measure, it is most appropriate for identifying changes in the individual over time, and not so much for comparisons across individuals. Grip strength measurements are subject to discussion, as pain-free grip strength and maximum grip strength are both used in research. To us, it seems as if the maximum grip strength does neither provide relevant information about the pain level of the patient, nor does it make valid statements about the function level of a person. Maximum grip strength is usually not needed in activities of daily living. However, pain-free grip strength can be considered to be a more reliable measure, as pain is one of the main complaints in patients with tennis elbow. 

Next to the above described measurement tools, other, less well-known tools have been used by some authors. One can imagine that the multitude of measurement tools accounts for problems with comparing and analyzing results from different studies. Therefore, establishing a standard set of measurement tools used for evaluating patients with lateral epicondylitis would sound reasonable in order to be able to draw valid conclusions.

4.6 Discussion of relevant related subjects

When analyzing and discussing the various results, we think that certain aspects need to be taken into consideration, if one aims to evaluate the outcomes in the right light. Some general thoughts and problems that are associated with the condition of lateral epicondylitis and already partly addressed in the first chapter of this report, will be more thoroughly looked at in the following. 

4.6.1 Tendinosis versus tendinitis – different underlying pathological processes 

Even though the terms ‘tendinosis’ and ‘tendinitis’ both refer to tendon injuries, there are substantially different underlying pathological processes taking place. These terms, however, are commonly con​fused and misused, not only by laymen, but also by professionals and in scientific literature.50 

The importance of clearly distinguishing tendinosis and tendinitis becomes obvious, when appropriate and effective treatment modalities are sought. Due to the different pathological processes, the two conditions naturally require different treatments in order to bring about an improvement in the patient. 

Thus, differentiating between tendinosis and tendinitis cannot be considered to be just linguistic hair-splitting, but a necessity for successfully treating the disease. 

The suffix ‘-itis’ conveys that an inflammatory process is taking place. Therefore, the term tendinitis should be reserved for tendon injuries involving larger-scale acute injuries accompanied by inflam​mation.50, 32 

Tendinosis, on the other hand, ends on the suffix ‘-osis’, implying a pathology of chronic degeneration without inflammation. Tendinosis is best described as an accumulation of microscopic injuries that fail to heal in a proper way.50, 32 

Today, the term ‘tendinitis’ is still commonly used to refer to overuse injuries of the tendon, even though sufficient histopathological and biochemical evidence exists to classify tendon overuse prob​lems as non-inflammatory. Specimen of tendons suffering from tendon overuse have shown that there are only very few inflammatory cells to be found. Great populations of fibroblasts, vascular hyper​plasia, and disorganized collagen, however, are histopathological characteristics of tendon overuse. Normally, tendons are made of bundles of type-I collagen, whose fibers are hierarchically organized. When tendinosis is present, collagen gets disorganized, fibroblasts hypertrophy, and vascular hyper​plasia occurs in otherwise avascular tendon fascicles. An atypical granulation tissue constitutes itself.32 

‘Tennis elbow’, also called ‘epicondylitis lateralis’ belongs to the group of overuse injuries. As described above, overuse problems are proven to be non-inflammatory, which is why ‘epicondylitis lateralis’ needs to be considered a misnomer for this condition. The underlying histopathological pro​cesses taking place here are described by the term ‘tendinosis’. In tendinosis, there can be inflam​mation involved in the initial stages of the injury, but it is the inability of the tendon to heal that per​petuates pain and disability. Therefore, it has been discussed to abandon the term ‘tendinitis’ for this kind of pathology.44 

As mentioned earlier, a clear distinction between acute tendinitis and tendinosis is still not frequently done in the literature found on overuse injuries. This does not only lead to interpretational problems, but also to problems with evaluating the effectiveness of a specific proposed treatment modality. 

Even though patients suffering from tennis elbow do not display an inflammatory process, a lot of in the literature discussed treatment possibilities still focus on the control, reduction, and elimination of inflammation, which does not contain any logic. Taking the histopathological processes into account is vital for choosing an effective treatment approach. 

In order to be continuous with the literature, however, it was decided in our research group to use the term ‘epicondylitis lateralis’ throughout this report, being aware of it being a misnomer. 

4.6.2 Stages of normal tendon recovery

Another point of interest was already described in paragraph 1.6. Normally, tendon recovery proceeds in three stages, the inflammatory, proliferative, and remodeling stage. The stages are sometimes also referred to as acute, subacute and chronic. It is the thorough knowledge of these stages and their histo​pathologic changes, that enables us to evaluate when the normal tendon recovery process fails. Failure of the recovery process is exactly what happens in tendinosis of the lateral epicondyle of the elbow, or tennis elbow. 

A physiological healing process is not initiated, which is why the tendon tissue never gets to the end of the remodeling stage. 

Not every tendon injury, of course, develops into tendinosis. Is the initial tendon injury given enough time to recover, the normal processes take place and tendon recovery is complete. But when repetitive insults accumulate without the previous insult being given the chance to heal, degeneration sets in and recovery is not possible.9, 22, 31 

With regard to tennis elbow, many studies found on this subject do not mention or specify the stage of recovery the patients were in when the trial was conducted. It seems, however, that the stage the patient is in does play a role in the decision which treatment approach to choose. Thus, without speci​fying the stage of the disease, it is hard to evaluate the use and efficacy of a tested treatment modality, let alone to compare different treatment forms.

Physiotherapists mainly encounter patients suffering from tennis elbow, when the condition has already existed for a longer period of time, meaning in the chronic stage. As far as physiotherapeutic treatment options are concerned, it would therefore be beneficial to focus on treatments effective in this specific stage. 

4.6.3 Diagnosing epicondylitis lateralis

Even though some professionals claim the diagnosis of lateral epicondylitis to be straightforward, others think it to be fairly difficult. There does not exist a golden standard for diagnosing tennis elbow. The diagnosis is usually made based on the history of the patient and clinical examination, which often entails resistance tests of wrist extension and forearm supination in addition to different functional tests that provoke the symptoms experienced by the patient. Differential diagnoses of tennis elbow need to be taken into consideration in order to arrive at a valid and substantiated diagnosis. Only after having established such a diagnosis, can a justified treatment choice be made.30, 71, 76 

In general, however, it has been and probably still is, frequent practice to address every condition accompanied by lateral elbow pain as ‘epicondylitis lateralis’ or ‘tennis elbow’. The logic conse​quence of that practice is that conditions with completely different underlying pathologies are being treated with the same means. It is needless to say that this accounts for many unsuccessful treatments. An example frequently encountered in practice is the condition originating from the cervical spine that is giving pain in the lateral epicondyle of the elbow, therefore imitating tennis elbow. Should the therapist decide to tackle the problem with local massage and ultrasound, a relief of symptoms might be achieved. However, nothing has been done about the underlying course of the problem. That makes it very likely that the symptoms will return sooner or later. The small example explains how important it is for successfully treating a condition to establish the right diagnosis. Even though relief of symp​toms certainly is a valuable treatment goal, it is an early treatment goal that one should not be satisfied with, but proceed to the original cause of the problem. 

A great number of studies involving patients being apparently afflicted with epicondylitis lateralis do not describe the way in which the diagnosis was made. This offers ground for bias and might render the study’s outcomes irrelevant. Especially in a condition for which no golden standard of diagnosis exists, there is explicit need for clearly stating and describing the assessment procedures. Only then can the risk of misdiagnosing the condition be reduced. Only if the diagnosis is as reliable as possible, can homogeneous patient groups be formed, which again is a prerequisite for valid and reproducible results. 

4.6.4 Self-limiting character of epicondylitis lateralis 
Lateral epicondylitis is often thought of as a self-limiting condition.69 One speaks of a self-limiting condition, if the affliction has a definite course, will resolve within a specific time, and requires no treatment.70 With regard to tennis elbow, it is hypothesized that during the course of a half to two years, the symptoms will have resolved all by themselves.69 Findings that can be interpreted as sup​porting this assumption were made for long-term measurements in some cases. Several studies that took long-term measurements failed to provide any significant differences between the improvement of intervention and control group with regard to pain, strength, and ADL-function. One possible explanation for this would be that the improvement observed was not brought on by the treatment modality in the first place, but by time. In other words, disregarding whether the patients received any kind of treatment or not, there would have been improvement in the outcome measures anyway. 

If this holds true, one might argue that a ‘wait and see’ approach actually is equally beneficial com​pared to any other intervention with respect to long-term outcomes. Therefore, also considering fi​nancial aspects, it might be advised to provide no other treatment than detailed patient education to the patient. The information given to the patient should then contain aspects of the nature of the condition, its development, and measures that can be applied by the patient himself or herself, like rest, pain​killers and ice.

Although the long-term outcomes may be the same with or without treatment, the question arises, whether it is morally acceptable to not provide active treatment for this highly painful condition. In our opinion, active treatment forms for pain relief, improvement of strength and function should be applied throughout the condition’s course in order to support the patient’s well-being, even though long-term outcomes might not draw additional benefits out of these measures. 

We think that there is also a strong positive mental component in this practice, showing the patient that he/she is not left alone with his/her pain and disability, but that measures are taken to aid function and pain relief during the course of the disease. 

It is obvious that paying for the treatments poses a great burden to the health systems. This is why effective treatment modalities for the various outcome measures should be filtered out of the multitude of proposed treatments and only those applied. 

4.7 Subjective views versus evidence

One of the most interesting aspects in the evolution of this graduation project was to compare our own prior thoughts and opinions about the effectiveness of the different treatment modalities with the results that science provided. Some treatments were already frequently encountered by us either at school or during clinical affiliations and strong certain opinions were associated with these most of the time. Ultrasound therapy is an example of such a treatment form. Ultrasound has been accepted in the physiotherapy community for years and it still takes up a fairly large part of the technical applications curriculum in many educational institutions today. The evidence for the effectiveness of ultrasound in musculoskeletal conditions is scarce, however. Similarly, shock wave therapy which is one of the newer interventions used to treat soft tissue injuries, especially overuse injuries like tennis elbow, is frequently used and advocated for treatment in practice. The evidence supporting its effects, though, are minimal so far. We are curious to learn whether future research in this field will provide further indications and results against or for this treatment modality. 
5. CONCLUSION

5.1 Conclusions from the studies’ results

Today, there is an enormous amount of treatment modalities proposed for the treatment of lateral epi​condylitis. In general practice, treatment choice largely depends on subjective beliefs and preferences, past experiences and the medical field of the care provider offering the treatment, instead of being based on scientific evidence.49 For this reason, it was decided to conduct a literature research guided by the main question:

Which treatment approaches, based on evidence, give the best short- and long-term treatment effects on pain, strength, and ADL-function for patients diagnosed with lateral epicondylitis?

A number of high-quality studies regarding different therapeutic modalities used to treat epicondylitis lateralis were found and included in this project. However, evidence is unfortunately still incomplete, and strong conclusions cannot yet be drawn to either support or refute the most common interventions used today. Nevertheless, preliminary conclusions and indications on the effectiveness of the discussed treatment options can still be presented. 

Speaking of short-term effects on either pain, strength, or ADL-function, fairly strong evidence was found for stretching and strengthening, the use of NSAIDs, and the injection of corticosteroids. Weak evidence was seen in ultrasound therapy and acupuncture treatment (twenty-four hour effect), while deep transverse friction massage, surgical interventions, orthotic devices, laser treatment and shock wave therapy were reported to have either no or no significant effects. Promising treatment interventions that have displayed early beneficial effects needing further confirmation were manipulative treatment, injection of botulinum toxin, and the application of topical nitric oxide. 

Long-term effects with regard to pain, strength, and ADL-function were not measured frequently for the various treatment modalities. However, seven of the included trials obtained these measurements.  Ultrasound therapy, orthotic devices, corticosteroid injections, and shock wave therapy were recognized to have no or no significant effects in long-term. Weak evidence was delivered for the effectiveness of NSAIDs, whereas local anesthetic injection and topical nitric oxide showed to be promising for long-term results as well. 

The previously described conclusions are additionally depicted in the flow charts below.



Figure 6. Short-term effectiveness of the included treatment modalities


Figure 7. Long-term effectiveness of the included treatment modalities

5.2 Limitations of the research 

Limitations of the conducted research can be found in several categories. 

Due to the fact that the members of the group had limited experience with carrying out larger scale literature researches, in the beginning, a lot of time was spent on organizational and methodological aspects that could otherwise have been used to concentrate on content-related elements. As the time available was limited for such an extensive research anyhow, the above mentioned difficulties added to the fact that some aspects might not have been explained and discussed in as much detail as would have been desirable. Further, it needs to be said that even though a thorough and well-conducted search for relevant literature has been performed, it might be that some important studies providing valuable information have been missed. As our search was restricted to specific databases and search terms, we cannot claim the search to have been fully extensive. Additionally, there might exist rele​vant study outcomes that have not been published to the present day. 

Although the articles eventually included in this research were generally of good quality, few studies possessed perfect quality scores. Quite frequently, small sample sizes were used in the trials described, which resulted in low power of those studies. Heterogeneity of the studies with regard to study designs, outcome measures, and methodological quality accounted for complications with interpreting the acquired results. 

5.3 Implications for further practice

With all the theoretical aspects described and discussed so far, one tends to forget that it is the rele​vancy of this research for practice that constituted the main reason for the project. Especially in a ‘hands-on’ profession like physiotherapy, the need for practical implications is obvious. Even though clear and unambiguous results could not be established for many assessed treatment modalities, health care professionals, like physiotherapists and general practitioners are still faced with the problem of choosing suitable treatment forms for the individual patient. It is needless to say that it should always be the well-being of the patient having priority, when considering different treatment options. It was described earlier that there are indications for lateral epicondylitis being a self-limiting condition not necessarily requiring treatment to resolve. However, we recommend that active treatment is neverthe​less offered to the patient during the course of the affliction, in order to aid symptom relief and func​tion. The treatment modalities applied should be the ones providing the best evidence, so that a certain quality standard is guaranteed. Therefore, in agreement with the patient, a treatment plan should be drawn up comprising stretching and strengthening programs, the use of non-steroidal anti-inflamma​tory drugs and if desired corticosteroid injections as first choices. Ultrasound therapy and acupuncture treatment offer considerably less evidence-based effects, but might still be considered if other meas​ures have failed to bring about any improvement before. Manipulative treatments, the injection of botulinum toxin and the application of topical nitric oxide could also be discussed with the patient as treatment possibilities, pointing out that these modalities have shown beneficial early effects, but need further confirmation through high-quality research in order to be sure of their true effectiveness. The treatment options found to have no or no significant effects, like deep transverse friction massage, surgery, orthotic devices, laser and shock wave therapy do of course not represent first treatment choices. However, we refrain from totally excluding them as treatment options for lateral epicondy​litis, for reasons we have already discussed in the previous chapter. Even though not being evidenced-based, some of these treatments showed positive results in practice. Should it be the case that none of the other measures provided symptom relief, the patient should be offered the possibility to request other treatments, being aware of the fact that these have not been proven so far. 

The advices mentioned above referred to short-term treatment effects, which were more thoroughly assessed in the included studies. It should be explained to the patient seeking help that few things are known about long-term effectiveness of the different treatment modalities. The treatments that were examined on grounds of long-term effectiveness and showed to be promising with regard to symptom relief were local anesthetics and topical nitric oxide application. However, hard evidence has not been established until today. Another aspect to be emphasized is that corticosteroid injections, which have been proven to be beneficial in short term, do not have positive outcomes in long-term. Because of this, we would always recommend applying corticosteroid injections only in combination with strengthening and stretching programs. 

5.4 Implications for further research

Future research, which is definitely required to shed more light on this controversial subject matter, should focus on better study designs and sufficient sample sizes, in order to reduce methodological limitations and produce high-quality randomized controlled trials. A more thorough description of the process of diagnosing lateral epicondylitis is desirable, as it constitutes the basis of every study. In addition, an effort should be made to take the stages of recovery into account when selecting patients for trials. Blinding of both the treatment provider and the patient should be implemented where possi​ble, as it reduces bias considerably. We recommend that more emphasis should be put on intermediate and long-term follow-ups in future trials, for a lack of sufficient information was found with regard to this. Results would not only be more detailed and complete, but adverse effects could be better evalu​ated and possible reasons for relapses identified. Explaining the different treatment modalities and their mode of application more detailed than done so far, would be beneficial for a more fluent transfer into practice. 

Another point of interest is the measurement tools used. Despite of the fact that most outcome meas​ures have some methodological evidence supporting them, they have never been evaluated head to head. Therefore, the relative value of these measurement tools is still unknown. Also, to establish a standard set of outcome measures would immensely aid the comparison of different studies. 

The above mentioned implications originating from our research results coincide with what other authors, for example Trudel et al.66 (2004), have remarked on the subject before. 

Closing, the most important aspects future trials should focus on are summarized again:

1. Intermediate-term and long-term follow-ups should be conducted more extensively.

2. Standard outcome measures should be employed.

3. Adverse effects should be addressed more thoroughly. 

4. Treatment parameters should be described in a better way. 
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