(413)
COPYRIGHT 2022 © BY THE ARCHIVES OF BONE AND JOINT SURGERY

RESEARCH ARTICLE

Multiple Perforations of the ECRB Tendon Using an
Innovative Standardized, Reproducible Technique; A
Cadaveric Study on Accuracy and Prospective Clinical
Safety Assessment Pilot Study. No Adverse Effects in
the First 122 Patients with Lateral Epicondylitis

Renée Keijsers, MD'; Bart Ten Brinke, MD, PhD?; Laurens ]. De Haan, MD?; Ronald L.A.W. Bleys, MD, PhD?
Michel PJ. van den Bekerom, MD, PhD3*

Research performed at the Department of Orthopaedic Surgery, Amphia Hospital, Breda, the Netherlands

Received: 28 May 2021 Accepted: 06 October 2021

Abstract

Background: In LE (Lateral Epicondylitis) otherwise known as Tennis Elbow, the Extensor Carpi Radialis Brevis
(ECRB) tendon is most commonly involved. In the majority of studies, injections are performed with a lack of
standardization. The Instant Tennis Elbow Cure (ITEC) device has been developed to perform reproducible and
standardized perforations by multiple needles. The goal of this pilot study was to estimate the accuracy of this ITEC
device by means of a cadaveric study and to assess the clinical safety of this procedure.

Methods: Ten cadaveric arms were injected using the ITEC device. The location and depth of the ECRB tendon was
measured by ultrasound imaging. The accuracy of the infiltration was assessed by locating the injected dye through
dissection and arthrotomy of the cadaveric elbow.

A prospective clinical pilot study was conducted to assess the safety of the ITEC device in treating patients with chronic
LE. An optional infiltration with an injection fluid was carried out?? Primary outcome measures were side effects and
complications of the ITEC device occurring within a follow up period of 8 weeks after treatment.

Results: In all cadaveric elbows the injection fluid ( in this case an injection fluid) was located at the ECRB tendon. In
one cadaver, a minimal amount of dye was found intra-articular and in 3 cadavers a small quantity was located in the
surrounding tissue of the ECRB tendon. 122 patients with LE were treated with the ITEC device. No adverse effects or
complications were reported at 8-week follow up.

Conclusion: Treatment of LE using the ITEC device appears accurate and safe. It may improve future research since
it is reproducible and it can be performed in a standardized way.

Level of evidence: IV
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Introduction

ateral epicondylitis (LE) of the elbow, otherwise patients per year (1, 2). The etiology and pathophysiology
known as Tennis Elbow, is a common condition in of LE is still not exactly known. It is presumed to be an
general practice, with an incidence of 4 to 7 per 1000 overload injury causing micro- and macroscopic lesions
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Table 1. Overview of injection therapies, volumes of the infiltrations and injection technique.

Injectables Volume Injection technique
Kazemietal AB 2cc+ 2% lidocaine methylprednisolone 20 mg + 3cc Single shot. Manually performed. No
2010 (19) lcc 2% lidocaine 1cc ultrasound guidance described.
Ozturan et . . . 5 tendon penetrations using 1 skin portal.
al 2010 AB Zcc + prilocaine 1cc acegl:et}i};lcp:edrrilllzzgi):eelcc 2-3cc Manually performed. No ultrasound
(20) P guidance described.
PRP 3cc + bupivacaine kenacort 40 mg/mL triamcinolon 2?;'3(:315‘3“2’ me?i}:d:;c%anrit' lj(rel'dar:irrrllall:lsi?n
Peerbooms  hydrochloride 0.5% &/m Y PEppering qie:asing
. . . acetonide) portal and 5
etal 2010 with epinephrine . . . 3-4cc .
(15) 1:200000 + bupivacaine hydrochloride 0.5% penetrations of the tendon. Manually
’ with epinephrine 1:200000 performed. No ultrasound guidance
described.
Injection under the extensor origin and
Wolf et al Saline 2cc+  Corticosteroid 2cc + . . m.]ectmg ‘.Nlth mu.lt1p¥e passes of the needle
. . ) - AB 2cc + lidocaine 1cc 3cc in a fanlike fashion in the area. Manually
2011 (21) lidocaine 1cc lidocaine 1cc -
performed. No ultrasound guidance
described.
Omar et al No info, 1 injection.
PRP Corticosteroid No info Manually performed. No ultrasound
2012 (14) . )
guidance described.
. . o
Dojode et al AB 2cc + 0.5% Cortlg(l’lStif;‘;Ocl;jeCCl:CO.S % 3ce Single injection. Manually performed. No
2012 (22) Bupivacaine 1cc P ultrasound guidance described.
10 -15 mL of Ultrasound-guided injection technique.
lidocaine 10 PRP and saline by peppering technique by
Saline 0.9% 3cc Triamcinolon 40mg/ mg/mL in the making 1 skin portal and about 7 tendon
Krogh et al PRP 3-3.5cc mL 1lcc+ peritendon of perforations.
2013 (13) ' lidocaine 10mg/mL common tendon  The glucocorticoid injection was made with
2cc origin + injection 1 skin portal, and the content was injected
of at the deepest aspects of the common
3-3.5¢cc tendon origin.
Jindal et al AB 2 cc + 2% lignocaine 4(;2§a1:';eih2y(}/plrieir;1csaoiﬁ)ene 3ec Single injection. Manually performed. No
2013 (23) lcc 1coc & ultrasound guidance described.
Arik et al AB 2cc + 2% prilocaine 40 mg methylpredn.lsolo.ne acetate 2-3cc Single injection not specified.
2014 (24) hvdrochloride 1cc lcc + 2% prilocaine Manually performed. No ultrasound
4 hydrochloride 1cc guidance described.
Gautam et al . Ipt.eppt.ermg technique, not s_pec1f1ed if the
PRP 2cc 40 mg/ml methylprednisolone 2cc 2cc injection was performed with ultrasound
2015 (25) guidance

AB= Autologous blood, PRP= platelet rich plasma
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in the common origin of the wrist and finger extensors,
most commonly involving the Extensor Carpi Radialis
Brevis (ECRB) tendon (3-5). Degenerative changes are
seen characterized by hypercellularity, angiofibroblastic
hyperplasia and neovascularization (4-6).

Besides non-surgical treatments such as non-
steroidal anti-inflammatory drugs (NSAID), splinting,
acupuncture and physiotherapy, injection therapy with
multiple perforations of the ECRB tendon has become
an accepted alternative treatment option for chronic LE,
whether or not with an additional infiltration. Various
substances have been described as injection fluid such
as glucocorticoids, autologous blood (AB), platelet-rich-
plasma (PRP), hyaluronic acid, a sclerosing agent called
polidocanol, botulinum toxin and dextrose. However,
despite numerous studies no consensus exists concerning
the optimal treatment (7-17). In most comparative
studies, injections are performed manually and ‘blindly’
without ultrasound guidance (12). A meta-analysis by
Qian et al. on the effectiveness of AB and PRP versus
corticosteroids confirms this statement and shows the
variation in injection technique, injection volume and the
lack of standardization described in current literature
[Table 1] (14,15,18-25). This meta analysis only included
studies on autologous blood products. When considering
otherinjectables the variation in application will increase.
In a recently published cadaveric study it was shown
that manually performed injections of the ECRB tendon,
without ultrasound guidance, lack accuracy and that
only 30% of the injections were at least partially located
at the ECRB tendon, whilst 60% of the injections were
localized intra-articular (26). To our knowledge, there
are no studies published which describe a standardized,
reproducible injection technique using the same number,
direction and depth of the needle perforation with an
identical amount of injection fluid released with each
perforation. The lack of standardized application of this
procedure make a proper comparison difficult.

STANDARDIZED ECRB PERFORATIONS

Recently, a device (ITEC; Instant Tennis Elbow Cure)
has been developed that mimics the needle perforation
performed by medical staff. Itis designed to overcome the
objections of manually and blindly performed injections
and performs percutaneous, reproducible, standardized
perforations by 12 needles.

The primary goal of this pilot study was to assess the
accuracy of this ITEC device through a cadaveric study.
A secondary goal was to assess the first clinical safety
assessment of the ITEC device in 122 patients with LE
with a focus on identifying potential adverse outcomes of
this new standardized perforation technique.

Materials and Methods

The study consists of two parts; firstly a study on the
accuracy of the ITEC device using cadaveric arms and
secondly a pilot study concerning the first clinical safety
assessment of the ITEC device in patients with LE.

ITEC Device

The ITEC (Instant Tennis Elbow Cure) device (CE
621544, ITEC Medical B.V. Enschede, the Netherlands)
consists of a table with an attached injection arm, on
which the arm of the patient can be accurately positioned
[Figure 1]. The shoulder and elbow are positioned in a
standardized way; with the arm 90 degrees flexed in the
elbow and with 90 degrees abduction in the shoulder.
At 90° of elbow flexion, the ECRB tendon runs straight
from the lateral epicondyle to the wrist (27). An ITEC-
injection disposable can be fixed in the injection arm.
This sterile disposable contains a set of 12 injection
needles (3x4) designed in accordance with the
anatomic landmarks of the ECRB tendon. The effective
length of the needles varies between 18-19mm. This
variation in length and the number of needles is also
based on the anatomical characteristics of the elbow
(28-30). To assess local anatomy, an ultrasound study
was performed on the dimensions of the ECRB tendon,
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Figure 1. The ITEC (Instant Tennis Elbow Cure) device (CE 621544, ITEC Medical B.V.
Enschede, the Netherlands). Image under copyright by ITEC Medical B.V. and published

with their permission.
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Figure 2. The ITEC disposable. Image under copyright by ITEC
Medical B.V. and published with their permission.

taking into account the length and slope of the lateral
epicondyle (31). A syringe can be attached optionally
to allow injection with PRP, dextrose, AB or another
preferred injection fluid [Figure 2].

The procedure is carried out as follows:

-Depth measurement from the skin to the middle of
the ECRB tendon (M1) with an ultrasound probe (5-12
MHz phased array transducer type with Esaote MyLab
Five ultrasound imaging system (Esaote Europe B.V.
Maastricht, the Netherlands)) [Figure 3].

-Adjusting the depth of injection on the ITEC device.

-Positioning of the arm at 90 degrees elbow flexion and
90 degrees abduction in the shoulder.

-Placement of the set of disposable needles.

-Percutaneous perforation using the ITEC device; the
perforation is performed by a single movement of the
arm of the device.

Cadaveric study

A total of ten human fresh frozen cadaveric arms
were used; 5 left and 5 right arms in 7 males and 3
females. The location of the origin of the ECRB tendon

CuTis

M1

ECRB TENDON
LATERAL
EPICONDYLE

Figure 3. Ultrasound view and schematic view of the ECRB tendon.
Dotted line = middle of the ECRB tendon. M1= length from the
cutis to the middle of the ECRB tendon.

STANDARDIZED ECRB PERFORATIONS

was marked and the depth of the tendon was measured
(M2) by ultrasound imaging [Figure 3]. Perforation and
infiltration of the ECRB tendon of the cadaveric arms was
performed using the ITEC device according to the above-
mentioned procedure [Figure 4]. The specimens were
provided by the Department of Anatomy of the University
Medical Center Utrecht, the Netherlands and were derived
from bodies who had entered the department through a
donation program. From these persons written informed
consent was obtained during life that allowed the use of
their entire bodies for educational and research purposes.

First two cadavers were used as a pilot to explore
the most appropriate injection technique. Initially an
infiltration with methylene blue was performed by an
experienced orthopaedic surgeon, specialized in elbow
pathology. After the infiltration, a dissection of the
cadavericelbowwasundertaken to determine thelocation
of the methylene in the soft tissue and an arthrotomy
was performed to ascertain the presence/absence of
methylene blue intra-articular. During dissection it was
found that the methylene blue rapidly diffuses to the
surrounding tissue. Therefore, the remaining cadavers
were infiltrated with acrylic dye which diffused much
more slowly into the soft tissue. The first two pilot arms
were also used to determine how much dye was needed
to infiltrate the entire insertion of the ECRB tendon, this
proved to be 0.4cc. The remaining eight cadaveric arms
were infiltrated with yellow acrylic dye by the same
orthopaedic elbow surgeon and infiltrated with blue
acrylic dye by an orthopedic resident. This resident had
no experience with the ITEC device. In all perforations
0.4cc dye was infiltrated. The localization of the dye
was again assessed by dissection and arthrotomy by the
orthopaedic elbow surgeon and verified by the resident.

Clinical study

A prospective, phase |, pilot clinical study was conducted
at the Amphia hospital (Breda, the Netherlands). Ethical
approval was waived by the Dutch Medical Ethics
Committee of Eindhoven (Maxima Medical Center).
Patients with chronic (more than 3 months) lateral
epicondylitis of the elbow, eligible for percutaneous
release by needle therapy were evaluated from October

Figure 4. Set up of the cadaveric arms with the ITEC device.
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2013 till June 2016. The eligibility for treatment was
decided by the attending orthopedic surgeon. LE was
diagnosed as follows: pain on the lateral site of the elbow
during physical examination; pain during palpation of
the lateral epicondyle and pain at the lateral epicondyle
during dorsal flexion of the wrist (from a neutral position
with a straight elbow) against resistance. Conventional
radiographs of the elbow (AP and lateral) were made to
exclude bony pathology.

All patients were treated with percutaneous needle
therapy by the senior author using the ITEC device
according to the above procedure. Before depth
measurement, the skin was sterilized and an infiltration
with a local anesthetic was applied subcutaneously
(lidocaine 1%) at the affected elbow.

In addition to the perforations an optional infiltration
with an injection fluid was carried out through the
disposable needles. According to the patients’ and
physicians’ preferences the injections consisted of AB,
dextrose or perforation only.

Outcome measures

Primary outcome measures of the safety assessment
study were complications and side effects of the ITEC
device, this with a follow up of 8 weeks after treatment.
Patients were followed up conforming to the national
standards; including physical examination, assessment of
infection, hematoma formation, possible nerve damage
and instability. Informed consent was obtained from all
patients.

Results

Cadaveric study

In the first two cadaveric elbows methylene blue was
found in the ECRB tendon. No methylene blue was found
intra-articular after arthrotomy. In all of the following 8
cadaveric elbows both the blue and the yellow dye were
found in the ECRB tendon as intended. In one cadaveric
arm, a minimal amount of blue dye was found intra-
articular. In the remaining elbows no dye was seen
after arthrotomy. In one arm a little amount of blue dye
was also located subcutaneously. In two arms a small
amount of yellow dye was located subcutaneously
whereby in one case also a small amount of dye was
found in the Extensor Carpi Radialis Longus (ECRL)
tendon. The depth measurement (M1) of the ECRB
tendon varied from 0.41 to 0.93 cm [Figure 3].

Clinical study

A total of 122 patients with chronic LE were treated
with the ITEC device; 66 males and 56 females. Within
the 8 week follow-up period there were no adverse
effects or complications reported in this safety-
assessment study.

Discussion

This study describes the first safety assessment of the
ITEC device for the treatment of lateral epicondylitis of
the elbow and its accuracy. The use of the ITEC device
resulted in an accurate infiltration of the ECRB tendon in
human cadaveric arms. The cadaveric study showed no

STANDARDIZED ECRB PERFORATIONS

difference in accuracy when the perforation was carried
out by a highly experienced orthopaedic elbow surgeon
or by a novice orthopaedic resident. In 122 consecutive
patients with chronic lateral epicondylitis no adverse
events or complications were reported after treatment
with the ITEC device with an 8-week follow-up. Therefore,
we state that the ITEC device is an accurate method in
cadavers to perforate and infiltrate the ECRB tendon. The
device is safe to use in daily clinical practice.

The ITEC device offers several advantages. Given the
accuracy of the technique, potential significant health
care efficiency gains could be made. Further research
and clinical results are required. Because of the simple,
standardized technique the ITEC device may also be
suitable for nurse practitioners or general practitioners to
employ in the treatment of patients. In current literature,
there is a paucity of evidence from unbiased trials on the
effectiveness of injection therapy in the treatment of LE
(12,18). This is hypothesized to be caused by the lack of
accuracy and standardization of the injection technique.
Often the number of perforations and ml of fluid released
is not determined which makes the comparison, even in
well-designed RCT ‘s debatable.

This pilot study has several limitations. In the cadaveric
study, the assessment of the localization of the injected
dye after dissection and arthrotomy was not blinded. For
practical reasons this was done by the same orthopedic
surgeon and checked by the same resident who
performed the infiltrations.

However, injection therapy with the ITEC device seems
accurate. To demonstrate an advantage for daily practice
randomized trial is required, comparing infiltrations
with the device to manually performed injections. It
must be taken into consideration that treatment with the
ITEC device is more expensive than manual infiltration. A
cadaveric study on manually performed injections for LE
showed a lack of accuracy with only 30% of the injections
located at the intended ECRB tendon (26). These results
are, despite the limited accuracy, not directly translatable
to clinical practice. It must be taken into account that the
infiltrations were carried out on nonresponsive cadavers
and based on bony landmark only. Injections in patients
who are able to point out the most painful area might be
more accurate.

It is not proven that perforation of the ECRB tendon
itself is the best treatment or injection technique in the
treatment of LE. Given the current concepts about the
etiology of LE it is only hypothesized that the whole
insertion of the ECRB tendon needs to be treated. By
perforating the ECRB tendon it is thought that the needles
break up scars or poke holes in the affected tendon so
that bleeding occurs. These blood cells carry precursors,
which eventually could develop into collagen to replace
the damaged tendon.

Possible complications of this procedure are local
infection, skin necrosis or nerve injury. If complications
do occur, they are expected to present in the first weeks
after treatment. Therefore, a follow-up of 8 weeks should
be appropriate for thorough assessment.

In the cadaver study the methylene blue diffused quickly
to the surrounding tissues and was therefore replaced
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by acrylic dye. The quick diffusion and subsequent wide
spread of methylene blue after injecting the ECRB tendon
was confirmed by a cadaver study by Evans et all (32). In
our study the injection with acrylic dye proved to diffuse
more slowly, however, some minimal diffusion could not
be prevented in 1 arm. In the first arm with acrylic dye a
minimal amount of blue dye was found intra-articular. It
is possible that this is caused by diffusion and not by the
injection as the exploration was done very slowly. The
two arms in which the yellow dye was partially located
subcutaneously were both cachectic, which may have
contributed to the localization of the dye. In the other
arms the punctures of the needles were clearly visible in
the subcutis without the presence of any dye.

In view of future research, the ITEC device may provide
important opportunities. One of the limitations of the
current literature is the fact that most studies report
manual and blind injections, resulting in unreliable
comparisons of treatment modems. Additionally, these
studies are not standardized in relation to number of
perforations and quantity of injection fluid. Since the
ITEC device enables a standardized injection technique
with a standard number of needles, fluid amount, depth
and direction of the needles, it will be more reliable in
comparing different injectables during trials.

In conclusion, treatment of lateral epicondylitis using
the ITEC device seems accurate and safe. Using the new,
standardized technique may improve future research
due to it’s accuracy, reproducibility and standardization.

STANDARDIZED ECRB PERFORATIONS

This device might also be suitable to be used by medical
staff without experience in elbow surgery.

Treatment of LE using the ITEC device seems accurate
and safe. It may improve future research since it is
reproducible and it can be performed in a standardized
way.

Acknowledgements

We would like to thank Ms. Yvonne Veeke- de Deugd for
her efforts supporting the study and the monitoring of
the participating patients.

Renée Keijsers MD*

Bart Ten Brinke MD PhD?

Laurens J. De Haan MD!

Ronald L.A.W. Bleys MD PhD?

Michel PJ. van den Bekerom MD PhD3*

1 Department of Orthopedic Surgery, Amphia Hospital,
Breda, the Netherlands

2 Department of Anatomy, University Medical Center
Utrecht, the Netherlands

3 Department of Orthopedic Surgery, Onze Lieve Vrouwe
Gasthuis, Amsterdam, the Netherlands

4 Department of Human Movement Sciences, Vrije
Universiteit Amsterdam, the Netherlands

References

Keijsers R, de Vos R], Kuijer PPF, van den Bekerom
MP, van der Woude HJ, Eygendaal D. Tennis Elbow.
Shoulder Elbow. 2019: 11(5):384-392.

. Shiri R, Viikari-Juntura E, Varonen H, Heliovaara M.
Prevalence and determinants of lateral and medial
epicondylitis: a population study. Am | Epidemiol.
2006: 164(11):1065-74.

Kraushaar BS, Nirschl RP. Tendinosis of the elbow
(tennis elbow). Clinical features and findings of
histological, immunohistochemical, and electron
microscopy studies. ] Bone Joint Surg Am. 1999:
81(2):259-78

Walz DM, Newman JS, Konin GP, Ross G. Epicondylitis:
pathogenesis, imaging, and treatment. Radiographics.
2010:30(1):167-84.

Regan W, Wold LE, Coonrad R, Morrey BF. Microscopic
histopathology of chronic refractory lateral
epicondylitis. Am ] Sports Med. 1992: 20(6):746-9.
Coombes BK, Bisset L, Vicenzino B. A new integrative
model of lateral epicondylalgia. Br ] Sports Med, 2009.
43(4):252-8.

Bisset L, Paungmali A, Vicenzino B, Beller E. A
systematic review and meta-analysis of clinical trials
on physical interventions for lateral epicondylalgia.
Br ] Sports Med. 2005:39(7):411-22.

8. Branson R, Naidu K, du Toit C, Rotstein AH, Kiss
R, McMillan D, et al. Comparison of corticosteroid,
autologous blood or sclerosant injections for chronic
tennis elbow. ] Sci Med Sport. 2017:20(6):528-533.
Creuzé A, Petit H, de Séze M. Short-Term Effect of
Low-Dose, Electromyography-Guided Botulinum
Toxin A Injection in the Treatment of Chronic
Lateral Epicondylar Tendinopathy: A Randomized,
Double-Blinded Study. ] Bone Joint Surg Am.
2018:100(10):818-826.
10.Gaujoux-Viala C, Dougados M, Gossec L. Efficacy and
safety of steroid injections for shoulder and elbow
tendonitis: a meta-analysis of randomised controlled
trials. Ann Rheum Dis. 2009:68(12):1843-9.
11.Hay EM, Paterson SM, Lewis M, Hosie G, Croft P.
Pragmatic randomised controlled trial of local
corticosteroid injection and naproxen for treatment
of lateral epicondylitis of elbow in primary care. BM]J.
1999:319(7215):964-8.
12.Krogh TP, Bartels EM, Ellingsen T, Stengaard-Pedersen
K, Buchbinder R, Fredberg U, et al. Comparative
effectiveness of injection therapies in lateral
epicondylitis: a systematic review and network meta-
analysis of randomized controlled trials. Am ] Sports
Med. 2013: 41(6):1435-46.



(419)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 10. NUMBER 5. MAY 2022

13.Krogh TP, Fredberg U, Stengaard-Pedersen K,
Christensen R, Jensen P, Ellingsen T. Treatment
of lateral epicondylitis with platelet-rich plasma,
glucocorticoid, or saline: a randomized, double-
blind, placebo-controlled trial. Am ] Sports Med.
2013:41(3):625-35.

14.0mar AS, Ibrahim ME, Ahmed AS, M Said. Local
injection of autologous platelet rich plasma and
corticosteroid in treatment of lateral epicondylitis
and plantar fasciitis: randomized clinical trial. Egypt
Rheumatol. 2012:34(2):43-9.

15.Peerbooms JC, Sluimer ], Bruijn D], Gosens T. Positive
effect of an autologous platelet concentrate in lateral
epicondylitis in a double-blind randomized controlled
trial: platelet-rich plasma versus corticosteroid
injection with a 1-year follow-up. Am ] Sports Med.
2010:38(2):255-62.

16.Sims SE, Miller K, Elfar JC, Hammert WC. Non-surgical
treatment of lateral epicondylitis: a systematic
review of randomized controlled trials. Hand (NY).
2014:9(4):419-46.

17.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. ]
Rheumatol. 2006:33(10):2053-2059.

18.Qian X, Lin Q, Wei K, Hu B, Jing P, Wang ]. Efficacy
and Safety of Autologous Blood Products Compared
With Corticosteroid Injections in the Treatment of
Lateral Epicondylitis: A Meta-Analysis of Randomized
Controlled Trials. PM R. 2016:8(8):780-91.

19.Kazemi M, Azma K, Tavana B, Rezaiee Moghaddam
F, Panahi A. Autologous blood versus corticosteroid
local injection in the short-term treatment of lateral
elbow tendinopathy: a randomized clinical trial of
efficacy. Am ] Phys Med Rehabil.

20.0zturan KE, Yucel I, Cakici H, Guven M, Sungur L
Autologous blood and corticosteroid injection and
extracoporeal shock wave therapy in the treatment of
lateral epicondylitis. Orthopedics. 2010:33(2):84-91.

21.Wolf JM, Ozer K, Scott F, Gordon M], Williams AE.
Comparison of autologous blood, corticosteroid, and
saline injection in the treatment of lateral epicondylitis:
a prospective, randomized, controlled multicenter
study. ] Hand Surg Am. 2011:36(8):1269-72.

22.Dojode CM. A randomised control trial to evaluate
the efficacy of autologous blood injection versus
local corticosteroid injection for treatment of lateral
epicondylitis. Bone Joint Res. 2012:1(8):192-7.

STANDARDIZED ECRB PERFORATIONS

23.Jindal N, Gaury Y, Banshiwal RC, Lamoria R, Bachhal
V. Comparison of short term results of single injection
of autologous blood and steroid injection in tennis
elbow: a prospective study. ] Orthop Surg Res.
2013:8(10).

24.Arik HO, Kose O, Guler F, Deniz G, Egerci OF, Ucar M.
Injection of autologous blood versus corticosteroid
for lateral epicondylitis: a randomised controlled
study. ] Orthop Surg (Hong Kong). 2014:22(3):333-7.

25.Gautam VK, Verma S, Batra S, Bhatnagar N, Arora S.
Platelet-rich plasma versus corticosteroid injection
for recalcitrant lateral epicondylitis: clinical and
ultrasonographic evaluation. ] Orthop Surg (Hong
Kong). 2015:23(1):1-5.

26.Keijsers R, van den Bekerom MP], Koenraadt KLM,
Bleys RLAW, van Dijk CN, Eygendaal D, et al. Injection
of tennis elbow: Hit and miss? A cadaveric study of
injection accuracy. Knee Surg Sports Traumatol
Arthrosc. 2017:25(7):2289-2292.

27.Bunata RE, Brown DS, Capelo R. Anatomic factors
related to the cause of tennis elbow. ] Bone Joint Surg
Am. 2007:89(9):1955-63.

28.Cohen MS, Romeo AA, Hennigan SP, Gordon M.
Lateral epicondylitis: anatomic relationships of
the extensor tendon origins and implications for
arthroscopic treatment. ] Shoulder Elbow Surg.
2008:17(6):954-60.

29.Krogh TP, Fredberg U, Christensen R, Stengaard-
Pedersen K, Ellingsen T. Ultrasonographic assessment
of tendon thickness, Doppler activity and bony spurs
of the elbow in patients with lateral epicondylitis and
healthy subjects: a reliability and agreement study.
Ultraschall Med. 2013:34(5):468-74.

30.Nimura A, Fujishiro H, Wakabayashi Y, Imatani J,
Sugaya H, Akita K. Joint capsule attachment to the
extensor carpi radialis brevis origin: an anatomical
study with possible implications regarding the
etiology of lateral epicondylitis. ] Hand Surg Am.
2014:39(2):219-25.

31.Keijsers R, Koenraadt KLM, Turkenburg JL, Beumer
A, The B, Eygendaal D. Ultrasound Measurements of
the ECRB Tendon Shows Remarkable Variations in
Patients with Lateral Epicondylitis. The Archives of
Bone and Joint Surgery, 2020: 8(2):168-172.

32.Evans |P, Metz ], Anaspure R, Thomas W], King A,
Goodwin VA, et al. The spread of Injectate after
ultrasound-guided lateral elbow injection - a cadaveric
study. ] Exp Orthop. 2018:5(1):27.



