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Introduction

Lateral epicondylitis (LE), or tennis elbow, is the 
most frequent cause of lateral elbow pain, occurring 
to people between 40-60 years of age. The dominant 
arm is mostly involved. LE is a tendinopathy of the 
extensor carpi radialis brevis and extensor digitorum 
communis muscles, due to repeated overuse, where 
they adhere to the lateral epicondyle (1). The preva-
lence of disease is between 1-3% in the general pop-
ulation (2).

LE is largely self-limiting in most patients and symp-
toms improve within 6 to 24 months (3). However, it 
may continue to cause persistent symptoms in other 
patients. Repetitive strain injury of the wrist extensors 
along with anatomic factors (4) and ageing (5), poor 
blood circulation (6), and autophagic cell death (7) 
may play a role in the etiology of LE. Histopathologi-
cally, increased fibroblasts and disorganized collagen 
deposition and vascular hyperplasia known as angio-
fibroblastic hyperplasia secondary to recurrent micro-
trauma to the tendon have been observed in LE (8).

Several treatment options are recommended for LE, such 
as anti-inflammatory drugs (9), splinting (10), corticoste-
roid injections (11), exercises (12), laser (13), electrothera-
py (14), extracorporeal shock wave therapy (ESWT) (15), 
ultrasound (16), autologous blood and platelet-rich plas-
ma injections (17), and surgery (18). The main purpose 
of all these management practices is to reduce pain and 
inflammation, speed up recovery, and improve the func-
tional disability of the affected arm. However, so far, no 
standard protocol has been established for treating tennis 
elbow, and no sufficient evidence is available for the ef-
fectiveness of the proposed conservative treatments.

Although extracorporeal shock wave treatment 
(ESWT) and laser treatment are commonly used in 
the treatment of LE, the superiority of these treat-
ments against each other has not been elucidated. 
There are few studies on comparing the effectiveness 
of these treatment methods. Therefore, in this report, 
we purposed to compare the effectiveness of ESWT 
and low-level laser therapy (LLLT) and to provide rec-
ommendations, based on the generated evidence, for 
patients with chronic LE who reject surgical treatment 
and do not benefit from conservative treatments.
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ABSTRACT

Objective: The aim of this study was to compare the efficacy of extracorporeal shock wave therapy (ESWT) ver-sus low-level 
laser therapy (LLLT) in treating chronic lateral epicondylitis (CLE). 

Methods: In this prospective study, 52 patients (24 males, 28 females; mean age=48 years; age range=30-70 years) with a di-
agnosis of CLE were included and randomized into two groups (26 in each group): ESWT group (14 males, 12 females; mean 
age=48±10 years) or LLLT group (10 males, 16 females; mean age=48±11 years). ESWT was applied for 5 weeks with one session 
per week, while LLLT was applied with 15 sessions on consecutive days. All patients were evaluated using Disability of the Arm, 
Shoulder and Hand Questionnaire (DASH), Patient-Related Lateral Epicondy-litis Evaluation (PRTEE), and the 36-Item Short-
Form Health Survey (SF-36) before and after the treatments.

Results: In the comparison of baseline data between treatment groups, significant differences were observed only in SF-Physical 
functioning and SF-Energy/fatigue scores (p=0.035 and p=0.038, re-spectively), which were 77.1±17.2 and 56.3±17.2 in ESWT 
group and 66.5±18.0 and 44.8±21.5 in LLLT group, respectively. In the comparison of post-treatment data between groups, 
there were sig-nificant differences in all scores (p<0.05) except two subscales of SF-36, which were SF-role limita-tions due 
to emotional problems (p=0.092) and physical health (p=0.147), respectively. The other subscales of SF-36, PRTEE and DASH 
scores obtained after the treatments were better in ESWT group than in LLLT group. The comparison of pre-and post-treatment 
scores in each group revealed significant improvements in all scores (p<0.05), except SF-36 subscales, including energy/fatigue, 
emotional well-being, social functioning, and general health scores (p>0.05).

Conclusion: Evidence from this study revealed that although both treatment modalities were effective in the treatment of CLE, 
ESWT seemed to more effective in pain relief and functional recovery than LLLT.

Level of Evidence: Level II, Therapeutic study
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Material and Methods

A total number of 52 patients (28 female, 24 male; mean age 48±10 
years; range 30-70 years), who were admitted to outpatient clinic be-
tween August 2018 and April 2019 due to the LE, were included in 
this prospective analysis. The study protocol was approved by the 
Ethics Committee of SANKO University (Decision No: 2018/08-06; 
Date: 24 July 2018). The study was conducted in accordance with the 
principles of the Declaration of Helsinki. A written informed consent 
was obtained from each participant.

The demographic properties (age and gender), hand dominance, oth-
er treatments (medications and bracing), and clinic characteristics 
(duration of symptoms) were recorded before starting the treatment. 
Inclusion criteria were as follows: age >30 years, and diagnosis of 
LE, which had persisted for at least six months. The diagnoses of LE 
included physical examination of tenderness to palpation over lateral 
epicondyle and pain during resistive wrist dorsiflexion.

Full-time housewives (n=17), computer users (n=18), machine opera-
tors (n=6), bus drivers (n=5), hair dressers (n=3), tennis players (n=2), 
and self-employed workers (n=4) performing a repetitive task partic-
ipated in this study. Subjects who underwent a surgery for LE, phys-
ical therapy and steroid injection within the previous three months 
or had cervical radiculopathy, elbow deformity, carpal tunnel syn-
drome, radial tunnel syndrome, neurologic deficits in the upper ex-
tremity, chronic inflammatory disease, hemophilia, pregnancy, and 
had a previous history of malignancy were excluded from the study. 
Electrodiagnostic evaluations were normal in diagnosing nerve com-
pression syndromes, including radial nerve entrapment.

Patients were included in the treatment of LE with shock wave and 
laser therapy, which are used in routine. Non-steroidal anti-inflam-
matory drug treatments were given to both groups for 10 days.

The treatment regime supported by an exercise program consisted 
of a range of motions, and stretching and strengthening exercises, 
including hand grip strength (HGS). Each exercise was performed 3 
sets a day for 10 repeats with a 1-min break between the sets under 
supervision of a physiotherapist.

Patients were randomized with a minimization method to assign pa-
tients to treatment groups to maintain good balance in patient vari-
ance considering age (<40 and >40), gender, and systemic disease (+, 
−). The first group received ESWT (Group 1, n=26) and the second 
group received LLLT (Group 2, n=26). Group 1 was treated by 5-week 
ESWT as one session per week while Group 2 was treated by LLLT 
for 15 sessions on consecutive days. All patients completed their ses-
sions for each therapy. All initial tests were repeated one week after 
the last session.

ESWT was performed with the Masterpuls MP 100 (Storz, Tägerwilen, 
Switzerland) device at 2000 pulse in each session on the common ex-
tensor origin of the affected elbow. Therapy was performed with 15 
mm diameter treatment head. During procedure, ultrasound gel was 
applied to elbow for maximal transmission of the acoustic energy (19).

Laser therapy was performed via The MLS (®) device at 905 nm 
wavelength pulse current laser for 5 min over the six trigger points of 
the lateral extensor group of the forearm with doses of 0.25-1,2 joules 
per point/area (20).

The following measurements were used to assess LE patients. Level 
of pain was measured using a 10 cm visual analogue scale (VAS). 
Disability of the Arm Shoulder and Hand Questionnaire (DASH) with 
30 questions was used to assess the limitations of the daily activities 
of the patients in this survey. DASH score provides value between 0 
(no disability) and 100 (most severe disability) (21). The Patient-Re-
lated Lateral Epicondylitis Evaluation (PRTEE), which consisted of 
two subtopics, was used to assess the pain level and specific and 
daily activities about elbow-related functions of the patients, during 
the last week. First parameter evaluates the pain level while the sec-
ond evaluates the specific and daily activities; the total score ranges 
from 0 to 100. Higher scores represent greater severity (22). Pain and 
functional disability were also assessed using a 36-item short-form 
health survey instrument (SF-36) (23). The SF-36 health survey form 
was used to evaluate the quality of life of patients. The SF-36 health 
survey comprises of 36 items and the scale contains following eight 
subscales: physical functioning, physical role functioning, bodily 
pain, general health, vitality, social functioning and emotional role 
functioning, and mental health. The scores in each subscale ranged 
from 0 to 100. Higher scores indicated better quality of life. Patients 
were evaluated before and after the treatment by an attending phys-
iotherapist who was unaware of the clinical management procedure.

Statistical analysis
Statistical analysis was performed using the Statistical Package for 
Social Sciences version 23 (IBM SPSS Corp.; Armonk, NY, USA). 
Descriptive statistics were expressed as mean±standard deviation, 
median (min-max values) or frequency, and percentage. Normality 
of the data was evaluated with Shapiro-Wilk test. For comparisons 
of two independent groups when data were non-normally distribut-
ed, Mann-Whitney U test was used, and when data were normally 
distributed, the independent samples t test was used. For pre- and 
post-treatment comparisons, paired t test or Wilcoxon signed-rank 
test was used according to distribution of the data. For categorical 
variables, Chi-square test with continuity correction was used. Re-
sults with p values of <0.05 were regarded as statistically significant.

Results

There were no differences between ESWT and LLLT groups in terms 
of gender, age, and systemic disease. At the baseline, there was a 
statistically significant difference between ESWT and LLLT groups 
only regarding SF-physical functioning and SF-energy/fatigue scores 
(p=0.035 and p=0.038, respectively). After the treatments, there was 
a statistically significant difference in all scores between ESWT and 
LLLT groups, except SF-role limitations due to emotional problems 
and SF-role limitations due to physical health scores (Table 1). Based 
on the results of pre- and post-treatment comparisons for ESWT, 
statistically significant differences were noted in all scores, except 
SF-emotional well-being (Table 2). The results of pre- and post-treat-
ment comparisons showed statistically significant differences in 
SF-physical functioning, SF-role limitations due to physical health, 
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• Treatment of lateral epicondylitis is known to show contradictory 
results.

• While ESWT is known to act through acoustic waves, LLLT acts 
stimulating serotonin metabolism and increasing fibrous tissue 
regeneration, thus contributing to healing through the bio-stimulatory 
effect. 

•  The conclusions of the authors in this study agreed, that ESWT has a 
significant effect in the treatment of lateral epicondylitis compared to 
LLLT.

H I G H L I G H T S



SF-role limitations due to emotional problems, SF-pain, PRTEE, 
PRTEE-pain, PRTEE- functioning, and DASH scores in the LLLT 
group. However, there were no statistically significant differences 
in SF-energy/fatigue, SF-emotional well-being, SF-social functioning, 
and SF-general health scores (Table 3).

Discussion

This prospective study aimed to compare the effectiveness of ESWT 
and LLLT in the treatment of LE using PRTEE, DASH, VAS, and SF36 
scores. Our overall results show that ESWT treatment provided sta-
tistically significant improvement in all scores, except SF-emotional 
well-being. On the contrary, we observed that all scores improved 
following LLLT, except SF-energy/fatigue, SF-emotional well-being, 
SF-social functioning, and SF-general health. When comparing both 
treatment methods in terms of efficiency, ESWT was found to be more 
effective than all LLLT, except SF-role limitations due to emotional 
problems, and SF-role limitations due to physical functioning scores. 
Our results, therefore, suggest that ESWT is more effective than LLLT.

The incidence of LE has been reported to be 1-3% in previously pub-
lished studies (2). This disease rarely seen under the age of 30 and 
mostly afflicts the dominant arm. Similarly, the average age of the 
subjects was 48 years old and LE was seen in the dominant arms of 
all the cases in our study.

Pathology of LE is defined as chronic micro-trauma due to repeat-
ed overuse and partial tears in the common extensor tendon (24) or 
damage to the bone adhesion site (25-27) (enthesopathy), while the 
most commonly affected tendon is the extensor carpi radialis tendon.

In the past, the success rates of ESWT in the treatment of LE have 
been reported between 68-91% (28-31). The mechanism underlying 
the effectiveness of ESWT is that it acts as acoustic waves and in-
creases energy in the pathological area, and increases bone, tendon, 
and soft tissue regeneration in this region (32, 33). In addition, in-
creasing the formation of new blood vessels in the pathological re-
gion increases the production of growth factors in this region, thereby 
contributing to the regeneration (34). On the contrary, several studies 
have reported the efficacy of LLLT in the successful treatment of LE 
following the LLLT in the treatment of LE (35-37). To suppress pain, 
LLLT is known to act through modulating serotonin metabolism and 
increasing fibrous tissue regeneration, thereby contributing to heal-
ing through bio-stimulatory effect (38-42).
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Table 1. Comparison of groups regard to patient characteristics and health-related 
quality of life questionnaire scores.

Group 1
(ESWT; n=26)

Group 2
(LLLT; n=26) p

Gender, n (%)

Male 14 (53.8) 10 (38.5)

Female 12 (46.2) 16 (61.5) 0.404

Systemic disease

No 23 (88.5) 20 (76.9)

Yes 3 (11.5) 6 (23.1) 0.465

Age, M±SD 47.9±9.5 48.1±10.7 0.945a

PRE-SF-physical functioning, M±SD 77.1±17.2 66.5±18.0 0.035a

PRE-SF-role limitations due to 
physical health, Median (Min-Max)

0 (0-100) 25 (0-100) 0.411b

PRE-SF-role limitations due to 
emotional problems, Median (Min-
Max)

33.3 (0-100) 16.5 (0-100) 0.389b

PRE-SF-energy/fatigue, M±SD 56.3±17.2 44.8±21.5 0.038a

PRE-SF-emotional well-being, M±SD 64.0±14.4 56.0±18.1 0.084a

PRE-SF-social functioning, Median 
(Min-Max)

75 (12.5-100) 56.3 (25-100) 0.310b

PRE-SF-pain, M±SD 49.3±23.8 38.3±20.3 0.077a

PRE-SF-general health, M±SD 55.2±18.0 49.1±14.7 0.184a

PRE-PRTEE, M±SD 69.1±15.8 64.0±15.7 0.244a

PRE-PRTEE-pain, M±SD 37.6±8.2 36.6±7.2 0.629a

PRE-PRTEE-functioning, M±SD 62.9±17.7 54.7±20.1 0.125a

PRE-DASH, M±SD 46.6±15.9 50.8±16.6 0.347a

POST-SF-physical functioning, 
Median (Min-Max)

92.5 (20-100) 82.5 (20-95) 0.007b

POST-SF-role limitations due to 
physical health, Median (Min-Max)

75 (0-100) 50 (0-100) 0.147b

POST-SF-role limitations due to 
emotional problems, Median 
(Min-Max)

66.7 (0-100) 33.4 (0-100) 0.092b

POST-SF-energy/fatigue, M±SD 59.4±18.8 46.4±15.5 0.009a

POST-SF-emotional well-being, 
M±SD

64.6±14.3 56.3±9.9 0.018a

POST-SF-social functioning,  
Medi-an (Min-Max)

81.3 (50-100) 56.3 (37.5-87.5) 0.002b

POST-SF-pain, Median (Min-Max) 77.5 (22.5-100) 45 (22.5-77.5) <0.001b

POST-SF-general health, M±SD 59.4±16.5 47.5±9.0 0.002a

POST-PRTEE, M±SD 32.3±17.6 46.3±16.6 0.005a

POST-PRTEE-pain, M±SD 18.8±9.6 27.1±8.8 0.002a

POST-PRTEE-functioning, Median 
(Min-Max)

20.5 (10-77) 36.5 (14-80) 0.004b

POST-DASH, M±SD 16.6±11.8 31.6±13.8 <0.001a

aIndependent samples t test; bMann-Whitney U test; M: Mean; SD: Standard Deviation

Table 2. Pre- and post-treatment comparison for group 1 (ESWT)

Pre-Treatment Post-Treatment p

SF-Physical functioning, M±SD 77.1±17.2 84.2±20.2 0.004a

SF-Role limitations due to physi-cal 
health, Median (Min-Max)

0 (0-100) 75 (0-100) 0.001b

SF-Role limitations due to emo-tional 
problems, Median (Min-Max)

33.3 (0-100) 66.7 (0-100) 0.002b

SF-Energy/fatigue, M±SD 56.3±17.2 59.4±18.8 0.020a

SF-Emotional well-being, M±SD 64.0±14.4 64.6±14.3 0.381a

SF-Social functioning, Median 
(Min-Max)

75 (12.5-100) 81.3 (50-100) 0.001b

SF-Pain, M±SD 49.3±23.8 71.5±16.8 <0.001a

SF-General health, M±SD 55.2±18.0 59.4±16.5 0.004a

PRTEE, M±SD 69.1±15.8 32.3±17.6 <0.001a

PRTEE-Pain, M±SD 37.6±8.2 18.8±9.6 <0.001a

PRTEE-Functioning, M±SD 62.9±17.7 27.0±17.7 <0.001a

DASH, M±SD 46.6±15.9 16.6±11.8 <0.001a

aPaired t test; bWilcoxon signed-rank test; M: Mean; SD: Standard Deviation

Table 3. Pre- and post-treatment comparison for group 2 (LLLT)

Pre-treatment Post-treatment p

SF-Physical functioning, M±SD 66.5±18.0 73.7±19.5 0.011a

SF-Role limitations due to physical 
health, Median (Min-Max)

25 (0-100) 50 (0-100) <0.001b

SF-Role limitations due to emo-tional 
problems, Median (Min-Max)

16.5 (0-100) 33.4 (0-100) 0.037b

SF-Energy/fatigue, M±SD 44.8±21.5 46.4±15.5 0.664a

SF-Emotional well-being, M±SD 56.0±18.1 56.3±9.9 0.910a

SF-Social functioning, Median 
(Min-Max)

56.3 (25-100) 56.3 (37.5-87.5) 0.417b

SF-Pain, M±SD 38.3±20.3 50.6±14.8 0.002a

SF-General health, M±SD 49.1±14.7 47.5±9.0 0.572a

PRTEE, M±SD 64.0±15.7 46.3±16.6 <0.001a

PRTEE-Pain, M±SD 36.6±7.2 27.1±8.8 <0.001a

PRTEE-Functioning, M±SD 54.7±20.1 38.5±17.7 <0.001a

DASH, M±SD 50.8±16.6 31.6±13.8 <0.001a

aPaired t test; bWilcoxon signed-rank test; M: Mean; SD: Standard Deviation



In literature, only one study has compared ESWT and LLLT in the 
treatment of LE. In this study, Devrimsel et al. investigated the ef-
fectiveness of both treatments in a total number of 60 patients (43). 
These 60 patients were divided into two groups of 30 patients each, 
while there was no distinction between chronic or acute LE in the se-
lection of the cases. The pain evaluation of the cases was carried out 
through short-form McGill pain questionnaire and VAS pain score 
at the 4th and 12th weeks following the treatment, and the cases were 
also evaluated functionally by HGS test. The outcomes of the study 
showed that both treatments were effective in the treatment of LE 
overall; however, ESWT was more effective, especially in reducing 
pain and improving function. There are a couple of differences be-
tween this study and the above-mentioned study. First, we compared 
the effectiveness of both treatments on chronic LE cases, while the 
previous study used both chronic and acute LE cases. Second, in the 
present study, we used PRTEE test, which is a specific test for LE. In 
accordance with the previous study, our results also suggested that 
ESWT may be more effective in the treatment of LE, especially based 
on the outcomes of the PRTEE test.

After both the treatments, a statistical difference was observed in 
all scores, except SF-role limitations due to emotional problems 
and SF-role limitations due to physical health scores. It has been 
interpreted that environmental factors related to anxiety, social 
activity, and emotional problems affect responses in these sub-pa-
rameters.

There are some limitations of this study. First, the long-term follow 
up findings were not available. Another limitation was that monitor-
ing was not used to investigate the effect of treatments. Therefore, 
this study suggests further long-term follow-up and large-scale stud-
ies based on ultrasonography techniques.

In conclusion, ESWT and LLLT are effective and safe modalities 
for the treatment of LE; however, based on our cumulative findings, 
ESWT treatment seems to be more effective than LLLT with regard 
to pain relief and functional recovery. We believe that further ran-
domize controlled studies with a larger sample size are necessary to 
validate the treatment protocol of LE.

Ethics Committee Approval: Ethics committee approval was received for this study 
from the Ethics committee of SANKO University (Decision No: 2018/08-06; Date: 24 
July 2018).

Informed Consent: Written informed consent was obtained from each partici-
pant.

Author Contributions: Concept - T.T.; Design - T.T., P.G.K.; Supervision - T.T.; Ma-
terials- T.T., G.B.S.; Data Collection and/or Processing -T.T., G.B.S.; Analysis and/or 
Interpretation - T.T, P.G.K; Literature Search - T.T., G.B.S.; Writing Manuscript - T.T., 
G.B.S, P.G.K.; Critical Review - T.T.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no financial 
support.

References

1. Shiri R, Viikari-Juntura E, Varonen H, Heliövaara M. Prevalence and determi-
nants of lateral and medial epicondylitis: a population study. Am J Epidemiol 
2006; 164: 1065-74. [Crossref]

2. Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Prevalence and im-
pact of musculoskeletal disorders of the upper limb in the general population. 
Arthritis Rheum 2004; 51: 642-51. [Crossref]

3. Smidt N, Lewis M, van der Windt DA, Hay EM, Bouter LM, Croft P. Lateral 
epicondylitis in general practice: Course and prognostic indicators of outcome. 
J Rheumatol 2006; 33: 2053-9.

4. Shiri R, Viikari-Juntura E. Lateral and medial epicondylitis: role of occupation-
al factors. Best Pract Res Clin Rheumatol 2011; 25: 43-57. [Crossref]

5. Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C. Occupation and 
epicondylitis: A population-based study. Rheumatology (Oxford) 2011; 51: 305-
10. [Crossref]

6. Bales CP, Placzek JD, Malone KJ, Vaupel Z, Arnoczky SP. Microvascular supply 
of the lateral epicondyle and common extensor origin. J Shoulder Elbow Surg 
2007; 16: 497-50. [Crossref]

7. Chen J, Wang A, Xu J, Zheng M. In chronic lateral epicondylitis, apoptosis 
and autophagic cell death occur in the extensor carpi radialis brevis tendon. J 
Shoulder Elbow Surg 2010; 19: 355-62. [Crossref]

8. Ahmad Z, Siddiqui N, Malik SS, Abdus-Samee M, Tytherleigh-Strong G, Rush-
ton N. Lateral epicondylitis: A review of pathology and management. Bone 
Joint J 2013; 95-B: 1158-64. [Crossref]

9. Pattanittum P, Turner T, Green S, Buchbinder R. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) for treating lateral elbow pain in adults. Cochrane Data-
base Syst Rev 2013; 5: CD003686. [Crossref]

10. Garg R, Adamson GJ, Dawson PA, Shankwiler JA, Pink MM. A prospective 
randomized study comparing a forearm strap brace versus a wrist splint for 
the treatment of lateral epicondylitis. J Shoulder Elbow Surg 2010; 19: 508-12. 
[Crossref]

11. Smidt N, Assendelft WJJ, van der Windt DA, Hay EM, Buchbinder R, Bouter 
LM. Corticosteroid injections for lateral epicondylitis: A systematic review. 
Pain 2002; 96: 23-40. [Crossref]

12. Cullinane FL, Boocock MG, Trevelyan FC. Is eccentric exercise an effective 
treatment for lateral epicondylitis? A systematic review. Clin Rehabil 2014; 28: 
3-19. [Crossref]

13. Bjordal JM, Lopes-Martins RA, Joensen J, et al. A systematic review with pro-
cedural assessments and meta-analysis of low level laser therapy in lateral el-
bow tendinopathy (tennis elbow). BMC Musculoskelet Disord 2008; 9: 75. doi: 
10.1186/1471-2474-9-75. [Crossref]

14. Lewis M, Chesterton LS, Sim J, Mallen CD, Hay EM, van der Windt DA. An 
economic evaluation of tens in addition to usual primary care management for 
the treatment of tennis elbow: Results from the TATE randomized controlled 
trial. PLoS One 2015; 10: e0135460. [Crossref]

15. Taheri P, Emadi M, Poorghasemian J. Comparison the effect of extra corporeal 
shockwave therapy with low dosage versus high dosage in treatment of the pa-
tients with lateral epicondylitis. Adv Biomed Res 2017; 61. doi: 10.4103/2277-
9175.207148. eCollection 2017. [Crossref]

16. Smidt N, Assendelft WJ, Arola H, et al. Effectiveness of physiotherapy for later-
al epicondylitis: A systematic review. Ann Med 2003; 35: 51-62. [Crossref]

17. Calandruccio JH, Steiner MM. Autologous blood and platelet-rich plasma in-
jections for treatment of lateral epicondylitis. Orthop Clin North Am 2017; 48: 
351-7. [Crossref]

18. Kim DS, Chung HJ, Yi CH, Kim SH. Comparison of the clinical outcomes of 
open surgery versus arthroscopic surgery for chronic refractory lateral epicon-
dylitis of the elbow. Orthopedics 2018; 41: 237-47. [Crossref]

19. Sems A, Dimeff R, Iannotti JP. Extracorporeal shock wave therapy in the treat-
ment of chronic tendinopathies. J Am Acad Orthop Surg 2006; 14: 195-204. 
[Crossref]

20. Emanet SK, Altan Lİ, Yurtkuran M. Investigation of the effect of GaAs laser 
therapy on lateral epicondylitis. Photomed Laser Surg 2010; 28: 397-403. 
[Crossref]

21. Düger T, Yakut E, Öksüz Ç, et al. Reliability and validity of the Turkish version 
of the Disabilities of the Arm, Shoulder and Hand (DASH) Questionnaire. Fi-
zyoterapi Rehabilitasyon 2006; 17: 99-107.

22. Altan L, Ercan İ, Konur S. Reliability and validity of Turkish version of the 
patient rated tennis elbow evaluation. Rheumatol Int 2010; 30: 1049-54. 
[Crossref]

23. Pınar R. Reliability and construct validity of the SF-36 in Turkish cancer pa-
tients. Qual Life Res 2005; 14: 259-64. [Crossref]

24. Clarke AW, Ahmad M, Curtis M, Connell DA. Lateral elbow tendinophaty: Cor-
relation of ultrasound findings with pain and functional disability. Am J Sports 
Med 2010; 38: 1209-14. [Crossref]

25. Resnick D, Niwayama G. Entheses and enthesopaty. Anatomical, pathological 
and radiological correlation. Radiology 1983; 146: 1-9. [Crossref]

26. Shaibani A, Workman R, Rothschild BM. The significance of enthesopaty as a 
skeletal phenomenon. Clin Exp Rheumatol 1993; 11: 399-403.

27. Benjamin M, Rufai A, Ralphs JR. The mechanism of formation of bony spurs 
(enthesophytes) in the Achilles tendon. Arthritis Rheum 2000; 43: 576-83. 
[Crossref]

28. Melegati G, Tornese D, Bandi M, Rubni M. Comparison of two ultrasonograph-
ic localization techniques for the treatment of lateral epicondylitis with extra-
corporeal shock wave therapy: A randomized study. Clin Rehabil 2004; 18: 366-
70. [Crossref]

29. Ko JY, Chen HS, Chen LM. Treatment of lateral epicondylitis of the elbow with 
shock waves. Clin Orthop Relat Res 2001; 387: 60-7. [Crossref]

30. Rompe JD, Decking J, Schoellner C, Theis C. Repetitive low-energy shock wave 
treatment for chronic lateral epycondilitis in tennis players. Am J Sports Med 
2004; 32: 734-43. [Crossref]

31. Spacca G, Necozione S, Cacchio A. Radial shock wave therapy for lateral epy-
condilitis: A prospective randomised controlled single-blind study. Eura Medi-
cophys 2005; 41: 17-25. 

32. Ogden JA, Toth-Kischkat A, Schultheiss R. Principles of shock wave therapy. 
Clin Orthop Relat Res 2001; 387: 8-17. [Crossref]

Turgay et al. / Acta Orthop Traumatol Turc 2020; 54(6): 591-5

594

https://doi.org/10.1093/aje/kwj325
https://doi.org/10.1002/art.20535
https://doi.org/10.1016/j.berh.2011.01.013
https://doi.org/10.1093/rheumatology/ker228
https://doi.org/10.1016/j.jse.2006.08.006
https://doi.org/10.1016/j.jse.2009.07.064
https://doi.org/10.1302/0301-620X.95B9.29285
https://doi.org/10.1002/14651858.CD003686.pub2
https://doi.org/10.1016/j.jse.2009.12.015
https://doi.org/10.1016/S0304-3959(01)00388-8
https://doi.org/10.1177/0269215513491974
https://doi.org/10.1186/1471-2474-9-75
https://doi.org/10.1371/journal.pone.0135460
https://doi.org/10.4103/2277-9175.207148
https://doi.org/10.1080/07853890310004138
https://doi.org/10.1016/j.ocl.2017.03.011
https://doi.org/10.3928/01477447-20180621-04
https://doi.org/10.5435/00124635-200604000-00001
https://doi.org/10.1089/pho.2009.2555
https://doi.org/10.1007/s00296-009-1101-6
https://doi.org/10.1007/s11136-004-2393-3
https://doi.org/10.1177/0363546509359066
https://doi.org/10.1148/radiology.146.1.6849029
https://doi.org/10.1002/1529-0131(200003)43:3<576::AID-ANR14>3.0.CO;2-A
https://doi.org/10.1191/0269215504cr762oa
https://doi.org/10.1097/00003086-200106000-00008
https://doi.org/10.1177/0363546503261697
https://doi.org/10.1097/00003086-200106000-00003


33. Russo S, Giglotti S, de Durante C, Canero R, Andretta D, Corrado B. Results 
with extracorporeal shock wave therapy in bone and soft tissue pathologies. 
In: Siebert W, Buch M, editors. Extracorporeal Shock Waves in Orthopaedics. 
Berlin: Springer-Verlag; 1997. [Crossref]

34. Kuo YR, Wang CT, Wang FS, Chiang YC, Wang CJ. Extracorporeal shock-wave 
therapy enhanced wound healing via increasing topical blood perfusion and 
tissue regeneration in a rat model of STZ-induced diabetes. Wound Repair Re-
gen 2009; 17: 522-30. [Crossref]

35. Stergioulas A. Effects of low-level laser and phyometric exercises in the treat-
ment of lateral epycondilitis. Photomed Laser Surg 2007; 25: 205-13. [Crossref]

36. Lam LKY, Cheing GL. Effects of 904-nm low laser therapyin the management 
of lateral epycondilitis: A randomised controlled trial. Photomed Laser Surg 
2007; 25: 65-71. [Crossref]

37. Okuni I, Ushigome N, Harada T, Oshiro T, Musya Y, Sekiguchi M. Low level 
laser therapy (lllt) for chronic joint pain of the elbow, wrist and fingers. Laser 
Ther 2012; 21: 15-24. [Crossref]

38. Chow RT, Barnsley L. Systematic review of the literature of low-level laser ther-
apy (LLLT) in the management of neck pain. Lasers Surg Med 2005; 37: 46-52. 
[Crossref]

39. Djavid GE, Mortazavi SMJ, Basirnia A, et al. Low level laser therapy in mus-
culoskeletal pain syndromes: Pain relief and disability reduction. Lasers Surg 
Med 2003; 152: 43.

40. Gam AN, Thorsen H, Lønnberg F. The effect of low-level laser therapy on mus-
culoskeletal pain: A meta-analysis. Pain 1993; 52: 63-6. [Crossref]

41. Jacobsen FM, Couppé C, Hilden J. Comments on the use of low-level laser ther-
apy (LLLT) in painful musculo-skeletal disorders. Pain 1997; 73: 110-1.

42. Basford JR, Malanga GA, Krause DA, Harmsen WS. A randomized controlled 
evaluation of low-intensity laser therapy: Plantar fasciitis. Arch Phys Med Re-
habil 1998; 79: 249-54. [Crossref]

43. Devrimsel G, Küçükali  A, Yıldırım M, Ulaşlı A. A comparison of laser and ex-
tracorporeal shock wave therapies in treatment of lateral epycondylitis. Turk J 
Phys Med Rehab 2014; 60: 194-8. [Crossref]

Turgay et al. / Acta Orthop Traumatol Turc 2020; 54(6): 591-5

595

https://doi.org/10.1007/978-3-642-80427-4_8
https://doi.org/10.1111/j.1524-475X.2009.00504.x
https://doi.org/10.1089/pho.2007.2041
https://doi.org/10.1089/pho.2006.2047
https://doi.org/10.5978/islsm.12-OR-04
https://doi.org/10.1002/lsm.20193
https://doi.org/10.1016/0304-3959(93)90114-5
https://doi.org/10.1016/S0003-9993(98)90002-8
https://doi.org/10.5152/tftrd.2014.31643



