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Abstract

Introduction This study seeks to compare two treatment

methods of lateral epicondylitis: corticosteroid injection

(CSI) and a local anesthetic injection (LAI).

Materials and methods In this single-blinded randomized

clinical trial, 138 patients with the diagnosis of lateral

epicondylitis were assigned either into CSI group receiving

methylprednisolone 1 ml (49 patients) or LAI group (51

patients) receiving procaine 1 ml 2 % in a single dose at

the maximal point tenderness site. The primary outcome

measure was elbow disability using Quick DASH, and

secondary outcome measures were pain intensity using

Visual Analogue Scale (VAS) and recurrence rate at pre-

treatment visit and at 3-, 6- and 12-week post-treatment

visits.

Results There were no significant differences between the

patients in both groups for demographic factors including

age, gender, dominant hand, involved hand, and work

pressure. Before treatment, the patients in both groups were

suffering from the same rates of elbow disability and pain

as measured by Quick DASH and VAS, respectively,

(p [ 0.05). In general, the recovery rate (comparison

between pretreatment visit and last post-treatment visit)

was significantly more effective and higher in CSI than

LAI. CSI was dramatically more effective at 3-week visit,

but less and less effective at 6- and 12-week visits. At

12-week visit the recurrence rate was 34.7 % (17 patients)

in CSI group.

Conclusion For lateral epicondylitis, CSI has the best

short-term treatment results yet the highest recurrent rates.

The combination of CSI with other treatment option or

with a change in injection technique from single injection

to peppering injection may be promising.

Keywords Tennis elbow � Lateral epicondylitis � Intra-

lesional injection � Corticosteroids � Local anesthetic �
Visual analogue scale � Treatment outcome

Introduction

Lateral epicondylitis is a common disorder characterized

by the lateral elbow pain and tenderness. Despite the

general belief, relatively few proportions of patients (5 %)

develop epicondylitis for playing with rackets such as

tennis [1–3]. The incidence of epicondylitis is 1–4 % in

general population and 15 % in high risk industrial workers

[4, 5]. Epicondylitis generally occurs among adults over

40, with the pick incidence between 35 and 55 years of

age, involving men and women equally. The patient’s
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history indicates repetitive activities during work and daily

routines [5, 6].

Recent studies demonstrate that epicondylitis is more of

a degenerative condition than an inflammatory one [3, 7–

10]. The inferior aspect of the extensor common tendon,

particularly extensor carpi radialis brevis (ECRB) is in

contact with capitellum and slides along its lateral edge

during elbow extension–flexion movements. This constant

sliding and abrasion may be the main cause of developing

epicondylitis [5, 11]. The repeated stretching and the sub-

sequent micro tears lead to tissue degenerative process,

immature repair and finally tendinosis. Lack of appropriate

and adequate vasculature of the undersurface of the tendon

contributes to constant and progressive degenerative tend-

inosis [3, 8, 10, 11].

A history of pain associated with the lateral aspect of the

elbow during exertion is the main symptom of lateral epi-

condylitis. The symptoms tend to develop following resis-

ted supination or wrist dorsiflexion particularly with the arm

in full extension. Generally, the pain is distal to lateral

epicondyle above the length of extensor tendon [5, 11].

Treatment options are wait-and-see strategy, education and

behavioral treatment, bracing, laser therapy, physiotherapy,

oral NSAIDs administration, corticosteroid injection (CSI),

local anesthesia injection, autologous blood injection, bot-

ulinum toxin injection, acupuncture, ESWT, iontophoresis,

prolotherapy and surgery; However, there is no consensus

on the preferred treatment [5, 10, 12–19].Although the CSI

has proved to have better outcomes among other palliative

treatments [20, 21], certain studies reported the recurrence

rate of the lateral epicondylitis in 50–66 % of the patients

following 6 months of the treatment [22]. Variety of risk

factors and side effects has been reported to accompany CSI

in the treatment of lateral epicondylitis. A review study

provides a list of most common complications as osteo-

myelitis, cellulitis, ecchymosis, and local dermatological

effects such as atrophy of subcutaneous fat, hypopigmen-

tation, and damage to the skin structure [23].

Despite the common prevalence and considerable bur-

den of lateral epicondylitis in our population and variety of

treatment options, the reliable well-designed (blinded and

randomized) clinical trials to support one treatment over

the other is limited. The present randomized blinded clin-

ical trial was undertaken to examine and compare CSI

(corticosteroid injection: methylprednisolone acetate) ver-

sus a LAI (local anesthetic injection: procaine).

Materials and methods

A randomized single-blinded clinical trial was conducted

on patients with lateral epicondylitis, referred to our

orthopedic clinical department during 2010–2011. The

inclusion criteria were: adults over the age of 18 with

symptomatic unilateral pain (VAS[6) at the lateral aspect

of the elbow for more than 6 weeks, tenderness in the

lateral epicondyle of the elbow at the tendon and common

extensor muscle joint and pain during resisted extension of

the wrist during full elbow extension. The exclusion cri-

teria were: history of the instability of the elbow, previous

trauma or fractures of the elbow, history of surgery or

arthritis of the elbow, bilateral involvement of the elbow,

accompanied pathology at cervical spine, confirmed carpal

tunnel syndrome, history of CSI or LAI to the suffered

elbow, systematic corticosteroid treatment, and any con-

traindications to LAI or CSI (such as hypersensitivity,

systemic infection, poor controlled diabetes, history of

increased sensitivity to local anesthesia, pregnant or lac-

tating women). After taking the patient’s history and

physical examination, the following information were

recorded in the questionnaires: demographic characteris-

tics, baseline assessments including age, gender, the

dominant hand, the involved hand, the onset of the con-

dition, referral date, and patient’s occupational status in

three categories unemployed, employed (having a job for a

living for a minimum of 1 year) with an occupation

requiring repetitive hand work and occupation requiring

minimal hand work. The study was conducted in accor-

dance with ethical standards of Helsinki and the patients

were briefed about the possible side effects of both treat-

ment options and all the patients signed the informed

consent forms prior to enrolment.

In accordance with previous studies and considering the

Quick DASH scales (disabilities of the arm, shoulder and

hand), the sample size was calculated to be 45 patients in

each treatment group with a loss of 20 %, power of 90 %,

and confidence interval of 95 %. The initial sample size in

the present study was 138 patients, of whom 11 did not

fulfill the inclusion criteria and 13 refused to sign the

informed consent forms. Thus, after fulfilling the inclusion

criteria and clinical confirmation, a total of 114 patients

were randomly assigned to either CSI group (n = 55) or

LAI group (n = 59) by means of a random block design

(Fig. 1). Patients in CSI group received a single dose of

methylprednisolone acetate 1 ml locally at the maximal

point tenderness and those in LAI group received procaine

1 ml 2 % at the same site. All the injections were per-

formed by the first author of the study. To ensure the

blinding and concealment, the syringes were filled in the

absence of the patients and the patients were asked to look

at the opposite side during injections. All patients in both

groups were asked to use braces, have adequate rest and

have limited physical activities. The elbow disability scale,

as the primary outcome measure, was defined using Quick

DASH questionnaire containing 11 multiple choice ques-

tions (5 choices for each question), in that, each patient
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could receive a rating between 0 (best condition) to 100

(worst condition). The severity of pain, as the secondary

outcome measure, was defined using VAS questionnaire, in

that, 0 indicated experiencing no pain and 10 as the highest

imaginable pain. The recurrence rate was defined as an

increased VAS score to 50 % at 12-week post-treatment

visit as compared with 3- or 6-week visits. The Quick

DASH and VAS questionnaires were filled out at 3-, 6- and

12-weeks post-treatment.

Frequency tables and charts were used to summarize the

data. The qualitative values were expressed as frequencies

and relative frequencies (percentages) and the quantitative

values as means and standard deviations. The differences

between both groups were assessed by Chi-squared and

independent sample t test. The repeated measure analysis

of variance was used to compare the pretreatment and post-

treatment assessments at 3-, 6-, and 12-month visits in both

groups. The interactions among the interfering factors

(such as age, gender, dominant hand, involved hand and

occupation) and the quick DASH and VAS scales were

analyzed for both groups using the repeated measure

analysis of ANOVA. The statistical data analysis was

performed using SPSS version 19 software (Chicago IL

USA). A p value of\0.05 was considered to be significant.

Results

In general, 49 patients in CSI group and 51 in LAI group

completed the study. There were no significant differences

between the two groups according to demographic factors

such as age, gender, dominant hand, involved hand, and

occupation (Table 1). The VAS and quick DASH scores

were similar between the two groups before treatment

(p [ 0.05).

The primary and secondary outcomes of the study were

defined as the changes in the instability of the elbow pre-

sented as Quick DASH scores and VAS scores at three

follow-up visits (Table 2). The repeated measure analysis

of variance indicates significant changes in the Quick

DASH and VAS scores in both groups (p \ 0.0001).

However, the trends of changes were not similar between

the two groups, in that success rate was higher in CSI group

(Fig. 2a, b).

At 3-week visit, the patients in CSI group dramatically

responded to treatment (p \ 0.0001). The mean reductions

in pain and disability of the elbow (VAS and Quick DASH

scores) were 6 and 40 in CSI group, and 2 and 13 in LAI

group, respectively, suggesting a threefold more effective

response in CSI group than LAI group at 3-week follow-up

Fig. 1 Enrollment flow-chart

Table 1 The comparison of the demographic factors (age, gender, dominant hand, involved hand and occupation) and initial assessments (Quick

DASH and VAS) before treatment

CSI LAI Total Statistics and data analysis

Number 49 51 100 –

Mean age ± SD 44.9 ± 9.6 44.6±8.1 44.7 ± 8.8 NS¥

Gender (male/female) 19/30 22/29 41/50 NS

Occupation (forceful hand work/low hand work/unemployed) 17/24/8 19/26/6 36/50/14 NS�

Mean symptom duration (week) 19 16 17 NS¥

Dominant hand (right/left) 45/4 43/8 88/12 NS�

Involved hand (right/left) 37/12 35/16 72/28 NS�

VAS score pretreatment (mean ± SD) 7.78 ± 1.3 7.80 ± 1.4 7.79 ± 1.4 NS¥

Quick DASH score pretreatment (mean ± SD) 57.17 ± 22.8 61.72 ± 23.1 59.49 ± 23 NS¥

SD standard deviation
� Chi-square test
¥ Independent sample t test
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visit. However, at 6- and 12-week follow-up visits, the

response to treatment was reduced in CSI group (Fig. 2a,

b). In CSI group, there were no significant changes in the

mean of VAS and Quick DASH scores in 6-week follow-

up visit rather than 3-week follow-up visit (p [ 0.05).

However, there was a significant increase in the mean of

the VAS and Quick DASH scores at 12-week follow-up

visit (p \ 0.05). In this group, the VAS and quick DASH

scores were 1.9 ± 2.3 and 19.9 ± 19.2 at 6-week follow-

up visit and 2.8 ± 2.1 and 30.1 ± 21.9 at 12-week follow-

up visit, respectively (p \ 0.05), suggesting the recurrence

of the disease in 17 out of 49 patients (34.7 %) in CSI

group and none in LAI group. In LAI group, the mean VAS

and Quick DASH scores were not changed significantly

during follow-up visits.

The repeated measure analysis of variance showed no

significant interactions among prognostic factors (age,

gender, dominant hand, involved hand and occupation) and

VAS and Quick DASH scores in both groups.

Discussion

A few systemic reviews have been conducted on the

treatment of lateral epicondylitis with CSI technique [7, 9,

21, 24–28]. Labelle, in a review of 185 studies up to 1994,

concluded that most of the studies suffer from methodo-

logical shortcomings and provide conflicting evidence for

variety of treatment options [28]. Labelle argues that there

is insufficient evidence to support one treatment option

over another and the support for each treatment comes

from anecdotal rather than scientific data. In a recent meta-

analysis study, Krogh et al. [27] reviewed all types of

injections in the treatment of lateral epicondylitis and

Table 2 The mean of the VAS and Quick DASH scores pre- and post-treatment in CSI and LAI groups

Variables Group Pre-treatment 3-week 6-week 12-week

Quick DASH CSI 57.2 ± 22.8 17.6 ± 20.9 19.9 ± 19.2 30.1 ± 21.9

LAI 61.7 ± 23.1 48.5 ± 27.2 40.7 ± 27.6 38.6 ± 28.6

Total 59.5 ± 23 33.6 ± 28.8 30.5 ± 25.9 34.5 ± 25.7

VAS CSI 7.7 ± 3.1 1.7 ± 2.1 1.9 ± 2.3 2.8 ± 2.1

LAI 7.8 ± 1.4 5.9 ± 2.4 4.7 ± 2.8 4.5 ± 2.7

Total 7.8 ± 1.4 3.8 ± 3.1 3.3 ± 2.9 3.6 ± 2.6

Fig. 2 a, b The mean changes of VAS and Quick DASH in CSI and LAI groups
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found out that 10 out of 17 studies (1,381 patients) used

CSI technique. In the meta-analysis, the pooled results

showed no significant difference between CSI and placebo

in a long-term follow-up. They concluded that the unbiased

randomized clinical trials investigating the effect of CSI in

the treatment of lateral epicondylitis are too limited to

decide conclusively in favor of a treatment option [27].

Bisset et al. in 2006 and smidt et al. in 2002 [10, 29], in two

similar RCT studies evaluated the efficacy of CSI, phys-

iotherapy and wait-and-see in the lateral epicondylitis and

found out that CSI was more effective than the other two

methods in short follow-up (\6 weeks). However, in a

long-term follow-up, there was a significant increase in

recurrent rate and significant reduction in therapeutic effi-

cacy of CSI rather than the other two treatment options [10,

29].

In the short-term follow-up (2–6 weeks), CSI was

reported to be superior to almost all of the other palliative

techniques in terms of pain relief, overall improvement and

grip strength [7, 9]. However, in average and long-term

follow-up, NSAID and physiotherapy proved to be signif-

icantly better over the CSI treatment option [10, 30].

Randomized, prospective clinical trial studies need to be

conducted to compare each treatment option with other

treatments in separate studies to examine which treatment

option has a better therapeutic outcome.

The literature for CSI does not provide conclusive evi-

dence over the exact volume and type of corticosteroid

injections, the exact area of injection (at the point of

maximum tenderness or at anatomical position), and the

injection method (single injection or injection using pep-

pering technique) [7, 22, 31]. Price et al. evaluated the

functional outcomes of following CSI regimens: triamcin-

olone 10 mg, hydrocortisone acetate 25 mg and lidocaine

1 % (as control group) and found out that CSI methods

were more effective than LAI. However, Price did not find

any significant differences between the two CSI methods.

At 24-week follow-up, the improvement rate in all trial

groups was similar and recurrence was observed in half of

the patients undergoing CSI treatment [22]. Our study

provides more evidence for Price’s study indicating the

superiority of CSI over LAI.

One possible reason for the ineffectiveness of CSI at

long-term follow-up is that the tissue at injection position

undergoes degenerative mucoid processes and disorien-

tation of the collagen tissue rather than inflammatory

processes [32]. The possible etiology of lateral epicon-

dylitis are neurologic disorders secondary to the release

of the chemicals (such as P substance and calcitonin

gene-related peptides) from the primary sensory nerves

[33, 34] and an increase of glutamate (an excitatory

neurotransmitter and a well-known pain modulator in

central nervous system) [32]. The glutamate

neurotransmitters abundant in enthesopathies are respon-

sible for pain transmission. Corticosteroids may be

regarded as the main cause of dramatic relief of pain, due

to its potential in fully inhibiting the neurotransmitters

and their receptors. Thus, short-term relief of pain is just

generated by analgesic effects of corticosteroids and the

main pathology would remain intact. It is believed that

high doses of CSI at degenerative site may inhibit the

release of pro-healing cytokines, negatively impact tis-

sue’s reparative ability and ultimately postpone the dis-

ease self-limiting process [17].

Another purpose of the present study was to examine the

effect of prognostic factors on CSI in the treatment of

lateral epicondylitis. In the present study, the prognostic

factors such as age, gender, the involved hand, dominant

hand and occupation did not have significant effect on the

treatment outcome. This is in agreement with the single

similar study conducted on the effects of prognostic factors

[35]. To examine the role of prognostic factors, Bisset et al.

analyzed data from two randomized clinical trials (383

patients) comparing the results from the treatment of lateral

epicondylitis using CSI, wait-and-see strategy, and phys-

iotherapy. They found that CSI was more effective at

6-week post-treatment but significantly less effective at

1-year post-treatment. They revealed that patients’ char-

acteristics have insignificant prognostic effects [35].

Although the results of our study showed that occupational

pressure does not have any effect on the treatment out-

come, it needs to be more substantiated by further studies.

We recommend subdividing the occupations and compar-

ing the subgroups together. For instance, repetitive com-

puter keyboard jobs, jobs involving non-neutral postures of

hands and arms or use of heavy hand held tools need to be

classified separately.

One limitation of the present study was the short follow-

up time, in that we could not observe the outcome of the

study in longer follow-up time. However, at this 12-week

follow-up, we could observe the high recurrence rate

(34.7 %) in CSI group and noticed that the CSI method is

only effective in the first 3-week post-treatment and after

that it is necessary to look for a substitute treatment option.

The prospective design, randomization and concealing and

blinding are considered as the strength points about the

present study.

Conclusion

While CSI is the most common treatment option for lateral

epicondylitis and has the best short-term outcome, it has

the highest recurrence rate. The combination of CSI with

other treatment options or with peppering technique may

be promising.

Arch Orthop Trauma Surg (2013) 133:757–763 761

123

Author's personal copy



Conflict of interest All named authors hereby declare that they

have no conflicts of interest to disclose.

Ethical standards Guilan University of Medical Sciences Ethics

Committee approved the study (reference number: 1910051505) and

it was registered on the Iranian Registry of Clinical Trials (IRCT no.:

IRCT201205127274N4).

References

1. Coonrad RW, Hooper WR (1973) Tennis elbow: its course,

natural history, conservative and surgical management. J Bone

Joint Surg Am 55(6):1177–1182

2. Gruchow HW, Pelletier D (1979) An epidemiologic study of

tennis elbow. Incidence, recurrence, and effectiveness of pre-

vention strategies. Am J Sports Med 7(4):234–238

3. Nirschl RP (1992) Elbow tendinosis/tennis elbow. Clin Sports

Med 11(4):851–870

4. Dimberg L (1987) The prevalence and causation of tennis elbow

(lateral humeral epicondylitis) in a population of workers in an

engineering industry. Ergonomics 30(3):573–579. doi:10.1080/

00140138708969746

5. Walz DM, Newman JS, Konin GP, Ross G (2010) Epicondylitis:

pathogenesis, imaging, and treatment. Radiographics 30(1):

167–184. doi:10.1148/rg.301095078

6. Ollivierre CO, Nirschl RP (1996) Tennis elbow. Current concepts

of treatment and rehabilitation. Sports Med 22(2):133–139

7. Assendelft WJ, Hay EM, Adshead R, Bouter LM (1996) Corti-

costeroid injections for lateral epicondylitis: a systematic over-

view. Br J Gen Pract 46(405):209–216

8. Khan KM, Cook JL, Kannus P, Maffulli N, Bonar SF (2002)

Time to abandon the ‘‘tendinitis’’ myth. BMJ (Clin res ed)

324(7338):626–627

9. Smidt N, Assendelft WJ, van der Windt DA, Hay EM, Buch-

binder R, Bouter LM (2002) Corticosteroid injections for lateral

epicondylitis: a systematic review. Pain 96(1–2):23–40

10. Smidt N, van der Windt DA, Assendelft WJ, Deville WL, Kor-

thals-de Bos IB, Bouter LM (2002) Corticosteroid injections,

physiotherapy, or a wait-and-see policy for lateral epicondylitis: a

randomised controlled trial. Lancet 359(9307):657–662. doi:

10.1016/S0140-6736(02)07811-X

11. Bunata RE, Brown DS, Capelo R (2007) Anatomic factors related

to the cause of tennis elbow. J Bone Joint Surg Am 89(9):

1955–1963. doi:10.2106/JBJS.F.00727

12. Dogramaci Y, Kalaci A, Savas N, Duman IG, Yanat AN (2009)

Treatment of lateral epicondilitis using three different local injection

modalities: a randomized prospective clinical trial. Arch Orthop

Trauma Surg 129(10):1409–1414. doi:10.1007/s00402-009-0832-x

13. Okcu G, Erkan S, Senturk M, Ozalp RT, Yercan HS (2012)

Evaluation of injection techniques in the treatment of lateral

epicondylitis: a prospective randomized clinical trial. Acta Ort-

hop Traumatol Turc 46(1):26–29

14. Olaussen M, Holmedal O, Lindbaek M, Brage S (2009) Physio-

therapy alone or in combination with corticosteroid injection for

acute lateral epicondylitis in general practice: a protocol for a

randomised, placebo-controlled study. BMC Musculoskelet Dis-

ord 10:152. doi:10.1186/1471-2474-10-152

15. Peterson M, Butler S, Eriksson M, Svardsudd K (2011) A ran-

domized controlled trial of exercise versus wait-list in chronic

tennis elbow (lateral epicondylosis). Ups J Med Sci

116(4):269–279. doi:10.3109/03009734.2011.600476

16. Rabago D, Best TM, Zgierska AE, Zeisig E, Ryan M, Crane D

(2009) A systematic review of four injection therapies for lateral

epicondylosis: prolotherapy, polidocanol, whole blood and

platelet-rich plasma. Br J Sports Med 43(7):471–481. doi:

10.1136/bjsm.2008.052761

17. Stefanou A, Marshall N, Holdan W, Siddiqui A (2012) A ran-

domized study comparing corticosteroid injection to corticoste-

roid iontophoresis for lateral epicondylitis. J Hand Surg Am

37(1):104–109. doi:10.1016/j.jhsa.2011.10.005

18. Szabo RM (2009) Steroid injection for lateral epicondylitis.

J Hand Surg Am 34(2):326–330. doi:10.1016/j.jhsa.2008.10.011

19. Wolf JM, Ozer K, Scott F, Gordon MJ, Williams AE (2011)

Comparison of autologous blood, corticosteroid, and saline

injection in the treatment of lateral epicondylitis: a prospective,

randomized, controlled multicenter study. J Hand Surg Am

36(8):1269–1272. doi:10.1016/j.jhsa.2011.05.014

20. Coombes BK, Bisset L, Connelly LB, Brooks P, Vicenzino B

(2009) Optimising corticosteroid injection for lateral epicondy-

lalgia with the addition of physiotherapy: a protocol for a ran-

domised control trial with placebo comparison. BMC

Musculoskelet Disord 10:76. doi:10.1186/1471-2474-10-76

21. Saccomanni B (2010) Corticosteroid injection for tennis elbow or

lateral epicondylitis: a review of the literature. Curr Rev Mus-

culoskelet Med 3(1–4):38–40. doi:10.1007/s12178-010-9066-3

22. Price R, Sinclair H, Heinrich I, Gibson T (1991) Local injection

treatment of tennis elbow–hydrocortisone, triamcinolone and

lignocaine compared. Br J Rheumatol 30(1):39–44

23. Brinks A, Koes BW, Volkers AC, Verhaar JA, Bierma-Zeinstra

SM (2010) Adverse effects of extra-articular corticosteroid

injections: a systematic review. BMC Musculoskelet Disord

11:206. doi:10.1186/1471-2474-11-206

24. Barr S, Cerisola FL, Blanchard V (2009) Effectiveness of corti-

costeroid injections compared with physiotherapeutic interven-

tions for lateral epicondylitis: a systematic review. Physiotherapy

95(4):251–265. doi:10.1016/j.physio.2009.05.002

25. Faro F, Wolf JM (2007) Lateral epicondylitis: review and current

concepts. J Hand Surg Am 32(8):1271–1279. doi:10.1016/

j.jhsa.2007.07.019

26. Hart L (2011) Corticosteroid and other injections in the man-

agement of tendinopathies: a review. Clin J Sport Med

21(6):540–541. doi:10.1097/01.jsm.0000407929.35973.b9

27. Krogh TP, Bartels EM, Ellingsen T, Stengaard-Pedersen K,

Buchbinder R, Fredberg U, Bliddal H, Christensen R (2012)

Comparative effectiveness of injection therapies in lateral epi-

condylitis: a systematic review and network meta-analysis of

randomized controlled trials. Am J Sports Med. doi:10.

1177/0363546512458237

28. Labelle H, Guibert R, Joncas J, Newman N, Fallaha M, Rivard

CH (1992) Lack of scientific evidence for the treatment of lateral

epicondylitis of the elbow. An attempted meta-analysis. J Bone

Joint Surg Br 74(5):646–651

29. Bisset L, Beller E, Jull G, Brooks P, Darnell R, Vicenzino B

(2006) Mobilisation with movement and exercise, corticosteroid

injection, or wait and see for tennis elbow: randomised trial. BMJ

(Clin res ed) 333(7575):939. doi:10.1136/bmj.38961.584653.AE

30. Hay EM, Paterson SM, Lewis M, Hosie G, Croft P (1999)

Pragmatic randomised controlled trial of local corticosteroid

injection and naproxen for treatment of lateral epicondylitis of

elbow in primary care. BMJ (Clin res ed) 319(7215):964–968

31. Bellapianta J, Swartz F, Lisella J, Czajka J, Neff R, Uhl R (2011)

Randomized prospective evaluation of injection techniques for

the treatment of lateral epicondylitis. Orthopedics 34(11):e708–

e712. doi:10.3928/01477447-20110922-13

32. Alfredson H, Ljung BO, Thorsen K, Lorentzon R (2000) In vivo

investigation of ECRB tendons with microdialysis technique–no

signs of inflammation but high amounts of glutamate in tennis

elbow. Acta Orthop Scand 71(5):475–479. doi:10.1080/

000164700317381162

762 Arch Orthop Trauma Surg (2013) 133:757–763

123

Author's personal copy

http://dx.doi.org/10.1080/00140138708969746
http://dx.doi.org/10.1080/00140138708969746
http://dx.doi.org/10.1148/rg.301095078
http://dx.doi.org/10.1016/S0140-6736(02)07811-X
http://dx.doi.org/10.2106/JBJS.F.00727
http://dx.doi.org/10.1007/s00402-009-0832-x
http://dx.doi.org/10.1186/1471-2474-10-152
http://dx.doi.org/10.3109/03009734.2011.600476
http://dx.doi.org/10.1136/bjsm.2008.052761
http://dx.doi.org/10.1016/j.jhsa.2011.10.005
http://dx.doi.org/10.1016/j.jhsa.2008.10.011
http://dx.doi.org/10.1016/j.jhsa.2011.05.014
http://dx.doi.org/10.1186/1471-2474-10-76
http://dx.doi.org/10.1007/s12178-010-9066-3
http://dx.doi.org/10.1186/1471-2474-11-206
http://dx.doi.org/10.1016/j.physio.2009.05.002
http://dx.doi.org/10.1016/j.jhsa.2007.07.019
http://dx.doi.org/10.1016/j.jhsa.2007.07.019
http://dx.doi.org/10.1097/01.jsm.0000407929.35973.b9
http://dx.doi.org/10.1177/0363546512458237
http://dx.doi.org/10.1177/0363546512458237
http://dx.doi.org/10.1136/bmj.38961.584653.AE
http://dx.doi.org/10.3928/01477447-20110922-13
http://dx.doi.org/10.1080/000164700317381162
http://dx.doi.org/10.1080/000164700317381162


33. Ljung BO, Alfredson H, Forsgren S (2004) Neurokinin 1-recep-

tors and sensory neuropeptides in tendon insertions at the medial

and lateral epicondyles of the humerus. Studies on tennis elbow

and medial epicondylalgia. J Orthop Res 22(2):321–327. doi:

10.1016/s0736-0266(03)00183-9

34. Ljung BO, Forsgren S, Friden J (1999) Substance P and calcitonin

gene-related peptide expression at the extensor carpi radialis

brevis muscle origin: implications for the etiology of tennis elbow.

J Orthop Res 17(4):554–559. doi:10.1002/jor.1100170414

35. Bisset L, Smidt N, Van der Windt DA, Bouter LM, Jull G,

Brooks P, Vicenzino B (2007) Conservative treatments for tennis

elbow do subgroups of patients respond differently? Rheuma-

tology (Oxford) 46(10):1601–1605. doi:10.1093/rheumatology/

kem192

Arch Orthop Trauma Surg (2013) 133:757–763 763

123

Author's personal copy

http://dx.doi.org/10.1016/s0736-0266(03)00183-9
http://dx.doi.org/10.1002/jor.1100170414
http://dx.doi.org/10.1093/rheumatology/kem192
http://dx.doi.org/10.1093/rheumatology/kem192

	The effects of corticosteroid injection versus local anesthetic injection in the treatment of lateral epicondylitis: a randomized single-blinded clinical trial
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Conflict of interest
	References


