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SUMMARY 

Extracorporeal shockwave therapy (ESWT) is a conservative treatment in case of many 

musculoskeletal disorders, including lateral epicondylitis. The aim of the study was the assessment 

of the efficacy of the shockwave - compare to manual therapy treatment (Mulligan concept) in a 

population of consecutive patients affected by tennis elbow. 26 patients who suffered from chronic 

persistent tennis elbow were randomly assigned to one of the two treatment groups. Group 1 (n=13, 

mean age=37,14±10,07) received an extracorporeal shock wave treatment (ESWT; 2,500 shocks), 

while Group 2 (n=13, mean age=) was undergoing manual therapy in Mulligan concept. Visual 

Analogue Scale (VAS) and Patient-Rated Tennis Elbow Evaluation (PRTEE) were used. The results 

of the study presented here shows that ESWT and Mulligan therapy are an effective treatment of 

lateral epicondylitis. Both groups achieved improvement in all of analysed variables, but in case of 

Mulligan Concept statistical significant differences were found in 4 from 6 variables. It is 

concluded that ESWT and Mulligan therapy appears to be a useful non invasive treatment methods 
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that reduces the symptoms of lateral epicondylitis. 
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INTRODUCTION 

 Lateral epicondylitis or tennis elbow is one of the widely seen lesions of the arm 

characterized by pain localized over lateral epicondyle which is reproduced by palpation on the 

above site, resisted wrist extension, resisted middle finger extension, and gripping [1,2]. Its 

prevalence in general population ranges between 1-3%, but this increases to 19% in 30–60 year olds 

and appears to be more long standing and severe in women [3,4].  

 Despite that the etiology of this painful condition of the elbow is not known fully, the 

clinical diagnosis can be simple confirmed by palpation on the facet of the lateral epicondyle and/or 

functional tests (Tomsen test, Mill’s test, etc.) [5]. However, the treatment management remains the 

controversial and is based on conservative treatment as the primary choice (nonsteroidal anti-

inflammatory drugs, steroid injection, functional brace). Physical therapy such as ultrasound, low-

dose laser therapy are also used, but none of the previous studies no showed consistent results [6].

 Extracorporeal Shockwave Therapy (ESWT) is used to treat a growing number of tendon, 

joint and muscle conditions, including calcifying tendonitis of the rotator cuff, humeral 

epicondylitis, and plantar fasciitis [7]. Although the exact physiological mechanisms are poorly 

understood it appears that the cells undergo microtrauma which promotes the inflammatory and 

catabolic processes that are associated with removing damaged matrix constituents and stimulates 

wound healing healing mechanisms [8]. The Mulligan concept is a relatively new method of 

treatment focusing on correcting altered arthrokinematics by simultaneously applied of joints 

mobilization during active movement generated by patient [9]. 

 Many articles have been published regarding the treatment of tennis elbow. Over 40 

different modalities of treatment, used either alone or in combination, have been reported. Due to 

variety of treatment options, the optimal management strategy still is not known, and more research 

to discover the most effective treatment is needed. Therefore the aim of this study was to determine 

the effectiveness of ESWT and Mulligan manual therapy in the management of patients with the 

diagnosis of lateral epicondylitis and to compare efficacy of results between this two methods of 

treatment. 

 

MATERIAL AND METHODS 

 26 patients who suffered from chronic persistent tennis elbow participated in this study. 

Patients were randomly assigned to one of the two treatment groups.  
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Group 1 comprised of 13 patients; 8 were males; the mean age was 37,14±10,07 years (range: 26–

48 years) and the mean duration of symptoms was 5,72±2,94 months (range: 3–12 months); the 

right side was involved in 9 patients and the dominant side was involved in 12 patients. Patients 

were undergoing Extracorporeal shock wave therapy (ESWT). The points of maximum tenderness 

to pressure were found. Each patient received six treatment sessions with 2400 impulses per 

session. Shock waves were applied to the maximum pain site and an area with a radius of 5mm 

surrounding it. 

Group 2 of participants will receive MWM mobilization as described by Mulligan [9]. Patient was 

placed in the supine position, with elbow in full extension and forearm in pronation. The therapist 

stabilised the distal part of the arm, and a sustained lateral glide of the forearm was applied. The 

patient was then asked to make a fist as the therapist maintained the lateral glide. Each patient 

received five treatment sessions and the mobilisation technique was done a total of 6 times per 

session. A short rest period (a few seconds) was given after every repetition. This group comprised 

of 13 patients; 9 were males; the mean age was 39,06±9,77 years (range: 30–49 years) and the mean 

duration of symptoms was 5,45±2,63 months (range: 3–11 months); the right side was involved in 

11 patients and the dominant side was involved among 11 patients. 

 

Criteria of inclusion 

 Established diagnosis of lateral epicondylitis of the elbow with failure of at least three 

months and pain was induced by: 

1. Palpation of the lateral epicondyle. 

2. Thomsen test 

3. Chair test 

4. Mill’s test 

 

Criteria of exclusion 

1. less than 18 years,  

2. elbow arthritis,  

3. ipsilateral shoulder dysfunction,  

4. neurological abnormalities,  

5. radial-nerve entrapment,  

6. cardiac arrhythmia or a pacemaker, 

7. pregnancy 
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Measures 

 Pain was evaluated by using a Visual Analogue Scale (VAS) ranging from 0 (no pain) to 

10 (maximal pain). Examination included night pain, resting pain, pressure pain, Thomsen test, 

chair test and Mill’s test. Baseline values and at after end of treatment were assessed.  

 Subjective patients pain level compared with that before treatment were performed 

according to the following criteria: Excellent - no pain, full movement, full activity; Good - 

occasional discomfort, full movement, full activity; Acceptable - some discomfort after prolonged 

activities; Poor - pain limiting activity. 

 Patient-Rated Tennis Elbow Evaluation (PRTEE) were also used as a valid, reliable, 

and sensitive outcome measure for rating pain and difficulties while performing functional 

activities. PRTEE, is a 15-item self-reported questionnaire to measure perceived pain and disability 

in people with tennis elbow. It has three subscales: pain, usual activities and specific activities. The 

pain subscale has five items about the intensity of pain during various activities. The specific 

activities subscale has six items tapping into the difficulty experienced while performing specific 

activities, like lifting a coffee cup. The four items in the usual activities subscale capture the 

difficulty experienced in performing usual daily roles like work and recreation. Each of the items of 

the PRTEE is scored on a 0–10 scale, where 0 is ‘no pain’ or ‘no difficulty’ and 10 is ‘worst ever’ or 

‘unable to do’. The total score ranges from 0 to 100, where high scores indicate greater pain and 

disability. Pain and function are equally represented in the total score (Pain score: max 50 points 

and Function score: max 100/2 = 50 points) [10]. 

 

Statistical analysis 

 STATISTICA Statistical Package in version 10.0. was used for the statistical analysis. 

Descriptive statistics was first performed. The independent t-test was also used to compare the 

baseline characteristics between the groups. To assess the treatment effect, within-group difference 

in outcomes and between-group difference in change scores were analysed using independent t-

tests. P level of 0,05 was set for all statistical tests. 

 

RESULTS 

 After the analysis of the final results, a considerable decrease in pain was observed in 

ESWT patients, both during rest, during touching and performing of functional tests to diagnosis of 

tennis elbow. A statistically significant improvement was also reported in the case of the Mulligan 

method, but the results were slightly worse and did not relate to all of the analyzed variables (See 

Table 1).  

 After treatment applying, a very good improvements in subjective pain level were achieved 
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in both groups. The results are shown in Table 2. 

 

Table 1. Comparison of treatment results across ESWT and Mulligan groups.  

Values are means ± standard deviations obtained in VAS scale (0-10 points) 

Test/Variables Time ESWT Manual therapy 

 

Night pain 

Before treatment 3,7±1,5 3,5±1,4 

After treatment 1,0±0,4 1,3±0,6 

P value 0,011 0,044 

 

Rest pain 

Before treatment 2,5±1,2 2,5±1,4 

After treatment 0,5±0,2 0,9±0,4 

P value 0,031 0,074 

 

Pressure pain 

Before treatment 6,6±2,4 6,3±2,5 

After treatment 1,2±0,6 3,1±1,7 

P value <0,001 0,087 

 

Thomsen test  

Before treatment 5,9±2,6 6,1±2,3 

After treatment 1,7±0,9 2,6±1,2 

P value 0,006 0,019 

 

Chair test 

Before treatment 6,1±2,9 6,2±2,2 

After treatment 1,8±0,8 2,5±1,0 

P value <0,001 0,009 

 

Mill's test 

Before treatment 4,7±1,9 5,0±1,5 

After treatment 1,0±0,5 1,6±1,0 

P value <0,001 0,037 

  

Table 2. Comparison of subjective pain level between ESWT and manual therapy groups  

Variables ESWT Manual therapy 

Number of subjects (%)  

P value 

Number of subjects (%)  

P value 
before after before after 

Excellent 0 (0%) 9 (69%)  

 

0,007 

0 (0%) 7 (54%)  

 

0,016 
Good 0 (0%) 4 (31%) 0 (0%) 6 (46%) 

Acceptable 3 (23%) 0 (0%) 2 (15%) 0 (0%) 

Poor 10 (77%) 0 (0%) 11 (85%) 0 (0%) 

 

 Mean values recorded in the PRTEE scale before therapy and after its completion were as 

follows: SWT group (52,7±20,4 vs 6,9±2,7; p<0,001), Mulligan group (53,6±19,9 vs 9,0±3,4; 

p=0,018). In PRTEE Pain Score following results were obtained: SWT group (34,3±12,1 vs 
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3,6±0,7; p<0,001), Mulligan group (33,5±13,2 vs 5,7±2,4; p=0,014), while in PRTEE Function 

score results were as follows: SWT group (18,4±9,7 vs 3,3±1,4; p=0,007), Mulligan group 

(20,1±10,3 vs 5,5±2,0; p=0,014). 

DISCUSSION 

 Effectiveness of extracorporeal shock wave therapy in the treatment of lateral epicondylitis 

has been evaluated in a recent systematic review [20]. Five studies show that pain, function and grip 

strength was the same or slightly more improved with shock wave therapy than with fake therapy. 

Four studies show more improvement with shock wave therapy. But when the results from some of 

the studies were pulled together, overall shock wave therapy improved symptoms just as well as 

fake therapy. One study compared shock wave therapy to steroid injections. It shows that steroid 

injections may improve symptoms more than shock wave therapy [20]. However, the clear 

conclusion cannot be drawn from this review because of the small number of included studies. Two 

other systematic reviews, evaluated the effectiveness of physiotherapy and conservative treatments 

in the management of tennis elbow respectively, but not included the effects of ESWT [21,22].

 Manipulation has been a recommended treatment for tennis elbow since the 1920s, 

beginning with techniques advocated by Mills and Cyriax [23]. Further manipulative techniques 

include Kaltenborn and Stoddard's varus thrust, Mennell's extension thrust, and Mulligan's 

mobilization with movement [24,25]. 

 The results of the study presented here shows that ESWT and Mulligan therapy are an 

effective treatment of lateral epicondylitis.  According to data presented in Table 1, the overall 

results obtained in ESWT group were better in 5 from 6 analysed variables - compared to Mulligan 

group. Similar results were demonstrated in Chair test, where improvement was very significant. 

Although after treatment in Mulligan group the mean values in VAS scale  was admittedly lower 

than the output values in each cases, however statistically significant improvement was no found in 

case of rest pain and pressure pain.  

 Positive outcomes have been also reported in subjective assessment of pain level (table 2). 

The majority of patients in both groups (69% and 54% respectively) reported excellent (no pain, 

full movement, full activity) results of treatment. Overall results from excellent to good (occasional 

discomfort, full movement, full activity) at the end-treatment were noted among all patients 

(100%). This results should be take into account with caution, because in this study was evaluated 

only subjective patients assessment immediately after the end of treatment. 3-months, 6-months and 

1 year follow up was not performed.  Positive outcomes have been also reported in subjective 

assessment of pain level (table 2). The majority of patients in both groups (69% and 54% 

respectively) reported excellent (no pain, full movement, full activity) results of treatment. Overall 

results from excellent to good (occasional discomfort, full movement, full activity) at the end-
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treatment were noted among all patients (100%). This results should be take into account with 

caution, because was evaluated only subjective patients assessment immediately after the end of 

treatment. 3-months, 6-months and 1 year follow up was not performed. Comparison with other 

studies, ESWT at one year was about 60% excellent to good and about 35% fair to poor. A 

substantial improvement of symptoms was achieved between three to 12 weeks after treatment and 

this improvement was maintained at the one year follow-up [26-28]. However similar efficacy was 

also obtained by Grundberg and Dobson among patients after tenotomy [29]. 

 Mean duration of symptoms (close to 6 months) in both groups allows to conclude that 

ESWT and Mulligan therapy are effective in the treatment of chronic lateral epicondylitis. Due to 

no side effects observed in study groups, both methods seems to be safe and noninvasive to use. 

Further studies are needed, especially with long time follow-up.  

 

CONCLUSIONS 

 ESWT and Mulligan therapy appears to be a useful non invasive treatment methods that 

reduces the symptoms of lateral epicondylitis.  
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