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Protocol

AbstrACt
Introduction Chronic lateral epicondylosis (CLE) of 
the elbow is a prevalent condition among middle-aged 
people with no consensus on optimal care management 
but for which surgery is generally accepted as a second 
intention treatment. Among conservative treatment 
options, ultrasound (US)-guided fenestration has shown 
encouraging results that should be explored before 
surgery is considered. The primary objective of this study 
is to compare the efficacy of US-guided fenestration with 
open-release surgery in patients with failure to improve 
following a minimum 6 months of conservative treatment.
Methods and analysis This study protocol entails a 
two-arm, single-blinded, randomised, controlled design. 
Sixty-four eligible patients with clinically confirmed CLE 
will be assigned to either US-guided fenestration or 
open-release surgery. Fisher’s exact test will be used to 
compare the proportion of patients reporting a change of 
11/100 points or more in the Patient Rated Tennis Elbow 
Evaluation score at 6 months, according to an intention-to-
treat analysis. Secondary analyses will compare the two 
treatment groups in terms of pain and disability, functional 
limitations at work, pain-free grip strength, medication 
burden, patients’ global impression of change and level of 
satisfaction at 6 weeks, 3, 6 and 12 months, using mixed 
linear models for repeated measures or Fisher’s exact test, 
as appropriate. Finally, recursive partitioning analyses will 
investigate US and elastography parameters as predictors 
of treatment success at 6 and 12 months. This data will 
contribute to evidence-based treatment guidelines for CLE 
and explore the value of imaging biomarkers to improve 
risk stratification plans and assist clinicians.
Ethics and dissemination The study has been approved 
by the Research Ethics Board of our institution on 23 
March 2016 (REB 15.327). In case of important protocol 
modifications, a new version of the protocol with 
appropriate amendments will be submitted to the REB for 
approval. Study results will be published in peer-reviewed 
journals and presented at local, national and international 
conferences.
trial registration number NCT02710682.

IntroduCtIon  
Chronic lateral epicondylosis (CLE) of the 
elbow, commonly known as tennis elbow or 
epicondylitis, is a debilitating condition with a 
prevalence of 1%–3% in the general popula-
tion, most commonly affecting adults in their 
fourth and fifth decades of life.1 The socio-
economic burden of this disorder is substan-
tial, with a yearly absenteeism rate as high as 
5% in the working age population.2 Affected 
patients usually complain of pain just distal to 
the lateral humeral epicondyle and are likely 
to have a history of repetitive upper limb 
movements or of prolonged manipulation of 
heavy weights.1 2 The pathophysiology of CLE 
entails repetitive overuse, leading to micro-
tears and progressive degenerative changes 
of the common extensor tendon, combined 
with ineffective healing mechanisms.3 Histo-
pathological findings include collagen fibre 

strengths and limitations of this study

 ► This is the first randomised trial to compare the ef-
ficacy of ultrasound  (US)-guided fenestration and 
open-release surgery for the treatment of chronic 
lateral epicondylosis (CLE).

 ► This is the first study to explore the predictive value 
of shear-wave elastography in response to treat-
ment by US-guided fenestration or open-release 
surgery, at 6 and 12 months following intervention.

 ► This is the first study to prospectively evaluate the 
evolution of US findings, up to 12 months following 
treatment of patients with CLE.

 ► While the generalisability of the results of this phase 
II study might be limited, the outcomes and evalua-
tion of the processes used in this study will inform a 
multicenter, phase III definitive study.
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disorganisation, neoangiogenesis, mucoid degeneration, 
fibroplasia and dystrophic calcifications, with invariable 
involvement of the extensor carpi radialis brevis (ECRB) 
component of the common extensor tendon.4 A CLE diag-
nosis is usually made clinically, with the elbow extended 
and the forearm in pronation, by pain provocation on 
palpation of the region of the lateral epicondyle, or using 
a resisted wrist or middle finger extension manoeuvre.5

treatment of CLE: many options, no clear guidelines
The treatment arsenal for CLE is vast; however, no 
successful and universally accepted trajectory of care 
has been established and patient management remains 
deficient in many cases. Well-conducted conservative 
treatment that includes rest, stretching and strength-
ening exercises with emphasis on eccentric movements, 
combined with ergonomic interventions has been 
shown to provide pain relief in 80% of patients at 8–12 
months.6 7 However, this approach may necessitate a 
prolonged reduction in stressful activities or extended 
absences from work that involves movements of the wrist 
extensors. Consequently, financial impacts are often 
important for workers and compliance with treatment 
may be suboptimal in those without compensated sick 
leave.

Corticosteroid injections are commonly used for the 
quick pain relief they provide, but studies have shown 
that, in the majority of cases, pain relief and physical func-
tioning improvement is short termed, recurrence rate is 
high and prognosis may be worsened in the long term.8 9 
Despite the growing evidence of their long-term inefficacy 
and potential deleterious effects, corticosteroid injections 
are still routinely used as part of the conservative manage-
ment of CLE, mainly because they are easy to administer, 
inexpensive and provide pain relief, although of short 
duration.

Extracorporeal shockwave therapy may also be 
employed in the management of patients with CLE; 
however, systematic reviews have concluded that this 
approach provides little to no benefit in the treatment 
of chronic tendinopathy, including CLE, when compared 
with placebo.6 10

Hoskrud et al reviewed studies investigating the use 
of injections of platelet-rich plasma (PRP) (six studies), 
autologous blood (five studies) and sclerosing agents 
(14 studies) for treating various types of tendinopathy, 
including CLE and concluded that although these 
modalities may appear promising, the quality of evidence 
supporting their use is deficient.11 Other systematic 
reviews surveyed several individual experimental studies 
comparing the effectiveness of PRP injections to placebo, 
corticosteroid injections, autologous blood injections, 
local anaesthetic injections, tendon fenestration and 
exercise therapy for different types of tendinopathies, 
including CLE. They concluded that, at best, PRP 
injections moderately improve pain scores in the short 
to medium term but that the heterogeneity in study 
methodology and contradictory results preclude from 

recommending PRP injections for treatment of chronic 
tendinopathy.12–14

ultrasound (us)-guided tendon fenestration for CLE
Tendon fenestration is a minimally invasive, low risk, 
dry-needling technique performed under direct US visu-
alisation. After local anaesthesia of the skin and subcuta-
neous tissues, a needle is used to create micropunctures 
in the affected region of the tendon and to abrade the 
adjacent periosteum. The goal is to disrupt areas of 
tendinosis and cause local bleeding to stimulate physi-
ological mechanisms of fibroblastic proliferation and 
tendon healing through scar remodelling.15 Hence, the 
rationale behind this treatment is to convert a chronic 
degenerative painful process into an acute inflamma-
tory condition that can lead to tendon regeneration and 
healing.16 Bleeding that occurs within the tendon during 
the procedure delivers growth factors and inflammatory 
cells that are essential to initiate the first phase of tendon 
healing response. US-guided tendon fenestration has 
shown promising results in various chronic tendinop-
athies including CLE,17 18 patellar19 and gluteal tend-
inopathies.15 20 In a 2006 retrospective study, McShane 
et al reported 63.6% excellent, 16.4% good, 7.3% fair 
and 12.7% poor outcomes at a mean follow-up of 28 
months, in 58 consecutive patients with CLE treated 
with US-guided tendon fenestration, combined with a 
corticosteroid injection.21 Two years later, in a retrospec-
tive study, the same authors reported on the results of 
US-guided tendon fenestration in a subsequent group 
of 57 consecutive patients with 57.7% excellent, 34.6% 
good, 1.9% fair, 5.8% poor outcomes at a mean follow-up 
of 22 months and concluded that a concomitant corti-
costeroid was not necessary. Comparison with other 
treatments aiming to increase growth factors within the 
tendon and stimulate the physiological healing processes, 
including PRP and autologous blood injections, is diffi-
cult since these procedures incorporate a fenestration 
technique. Mishra et al in a multicenter randomised trial, 
compared fenestration alone to fenestration combined 
with PRP injection in 119 patients with CLE. At 24-week 
follow-up, the success rates in the PRP group (n=56) 
were 82.1% compared with 60.1% for the fenestration 
group (n=63) as defined by a minimum improvement of 
50% in pain scores (p=0.015, two-sided) and both treat-
ment groups demonstrated equivalent improvement in 
the Patient Rated Tennis Elbow Evaluation (PRTEE) 
scores.22 In a small randomised study of 28 patients with 
CLE, comparing fenestration alone to fenestration with 
PRP injection, Stenhouse et al demonstrated a trend for 
greater clinical improvement at 2 months in patients 
receiving the PRP injection but no significant differ-
ence between the two groups at 6 months in terms of 
mean visual analogue scale scores.18 The available scien-
tific evidence supporting percutaneous treatments of 
CLE remains limited and two recent systematic reviews 
conclude that the available evidence is inadequate to 
provide treatment recommendations.23 24
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surgery for CLE
Surgery is considered a second intention treatment for 
CLE and may be indicated when symptoms persist after 
6 months of conservative treatment. A recent study 
examining the trends in surgical techniques for CLE, 
among newly trained orthopaedists, found that the vast 
majority use an open technique (92%) as opposed to an 
arthroscopic technique (8%).25 The authors also report 
that percutaneous tenotomy, debridement only and 
debridement with tendon repair represent 6.4%, 46.3% 
and 47.3%, respectively, of open operative techniques 
when treating CLE.25 We were able to find only one study 
comparing a conservative treatment (injection of botu-
linum toxin into the wrist extensor muscles) to a surgical 
technique; good to excellent results were reported 1 year 
after treatment in 65% and 75% of cases, respectively.26 
A retrospective study comparing open release to the 
arthroscopic technique in 75 patients reported good 
to excellent results in 69% of open-release cases and 
72% of arthroscopic cases.27 A randomised controlled 
trial comparing the open release and the percutaneous 
tenotomy techniques in 45 patients with CLE showed 
significant improvement of all outcomes in both groups 
at 12 months, with a more rapid clinical improvement and 
return to activities in the percutaneous tenotomy group.28 
Notwithstanding the clinical perception that surgery is an 
effective treatment for CLE, a recent Cochrane systematic 
review found insufficient evidence to formally conclude 
on the efficacy of surgery for lateral elbow pain, because 
of the retrospective designs used and the heterogeneity of 
interventions among studies.5

role of diagnostic ultrasonography in CLE
US with colour and power Doppler evaluation and MRI are 
useful to confirm the diagnosis in clinically suspected CLE 
and for surgical planning in cases refractory to conservative 
treatment.29 Because US is less expensive than MRI, offers 
high spatial resolution and allows for timely image-guided 
intervention, it is particularly well suited to the management 
of CLE. However, no US or MRI-based outcome relevant 
grading system to assist clinical and surgical decision-making 
has been developed to date.29

US findings of CLE have been well documented and 
may include common extensor tendon abnormal hypoe-
chogenicity, tendon thickening, the presence of an enthe-
sophyte, calcifications and intrasubstance cleavage tears, 
neoangiogenesis and radial collateral ligament tears.30 31 US 
assessment of CLE remains largely qualitative and subject to 
interobserver variability.31 Hypoechogenicity of the common 
extensor tendon was found to be the most effective US finding 
to identify elbows with CLE,32 whereas the presence of large 
intrasubstance cleavage tears or of an associated tear of the 
radial collateral ligament has been associated with poorer 
clinical outcomes.33 Through a meta-analysis of four studies 
examining the diagnostic value of grey-scale US findings for 
suspected CLE, Latham et al reported a pooled sensitivity of 
0.82 (95% CI 0.76 to 0.87) and specificity of 0.66 (95% CI 
0.60 to 0.72) with clinical diagnosis used as a gold-standard 

criterion.34 Regarding the importance of vascularity assess-
ment in the evaluation of CLE, when considered alone, 
colour Doppler was found to be a poor predictor of clinical 
outcome in the study by Clark et al,33 whereas power Doppler 
was found poorly sensitive (0.26) but highly specific (1.00) 
in a systematic review by Dones et al32 and seemed to have 
moderate diagnostic accuracy (63%–77%)%) in a blinded 
case–control study by Heales et al.35

Recently, researchers have demonstrated that sono-
elastography, which assesses the elastic properties of soft 
tissues, was correlated to histological alterations in the 
common extensor tendon of cadaveric elbows.36 Other in 
vivo studies have shown that sonoelastography can be used 
to differentiate between normal and diseased tendons.37–39 
This modality is based on the premise that ageing and 
tendinopathy-related changes cause a decrease in tendon 
stiffness which correlates with an increase in tissue strain. 
More recently, Yamamoto et al using compression-based 
US elastography with an acoustic coupler showed that 
strain ratio measurement was associated with time-de-
pendent mechanical and histological changes of the 
healing tendon in a rabbit model.40 This suggests that 
quantitative US elastography could be used to assess the 
mechanical properties of a healing tendon.40 However, 
sonoelastography requires the application of an external 
compression force with the transducer and thus is subject 
to operator variability. Acoustic radiation force impulse 
(ARFI)-based elastography uses a focused US pulse to 
generate mechanical displacements of the tissue.41 The 
velocity of the induced shear waves propagating through 
the tissue is measured to provide a quantitative evalua-
tion of the shear modulus and consequently of tissue 
elasticity. Recently, shear wave imaging has been used to 
assess tendon stiffness changes associated with tendinop-
athy and normal ageing.42 43 Although promising for the 
evaluation and characterisation of tendinopathies, to the 
best of our knowledge, shear wave elastography has yet to 
be studied in the context of CLE prognosis.44

sIgnIfICAnCE
The absence of a standardised therapeutic algorithm 
for patients with CLE and the lack of imaging param-
eters to establish prognosis and monitor the healing 
tendon process represent limitations in current knowl-
edge. Promising preliminary results of US-guided tendon 
fenestration for the treatment of CLE suggest that this 
intervention may prove a valuable alternative to standard 
conservative treatment. To the best of our knowledge, no 
previous study has compared the use of US-guided fenes-
tration to open-release surgery for the treatment of CLE.

study objECtIvEs
Primary objective
To compare the efficacy of one US-guided tendon fenes-
tration procedure with open-release surgery for the treat-
ment of CLE refractory to ≥6 months of conservative 
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management. A reduction of ≥11/100 points in PRTEE 
score at 6 months following the intervention will be 
considered a successful outcome. Because US-guided 
fenestration is less costly, less invasive and more acces-
sible than surgery, it may still be relevant as a conserva-
tive treatment despite statistically significant differences 
between the proportion of responders, unless the differ-
ence is greater than a clinically acceptable threshold. 
Therefore, we wish to test whether the proportion of 
responders in the fenestration group will be non-inferior 
to the proportion of responders in the surgery group, by 
a margin of >15%.

Hypothesis  
H0: Psurgery−Pfenestration >15%.
H1: Psurgery−Pfenestration ≤15%.

secondary objectives
 ► To compare the effect of the two interventions on 

various clinical outcomes including: pain and disa-
bility, functional limitations at work, pain-free grip 
strength, patients’ global impression of change and 
level of satisfaction, at each follow-up time point (6 
weeks, 3, 6 and 12 months).

 ► To compare pain medication intake in both treatment 
groups at 6 weeks, 3, 6 and 12 months.

 ► To explore the predictive value and time-dependant 
changes of various qualitative/quantitative US and 
elastography parameters in response to treatment at 
6 and 12 months following intervention.

MEtHods And AnALysIs
overview of study design
This is a phase II, prospective, randomised, single 
blind, controlled study, which will be carried out at the 
Centre Hospitalier de l’Université de Montréal (CHUM) 
between April 2016 and April 2020. The study has been 
approved by the institutional research ethics board on 
23 March 2016 (IRB 15.327) and adheres to the Stan-
dard Protocol Items of the Recommendations for Inter-
vention Trials 2013 guidelines.45 Study results will be 
reported according to the Consolidated Standards of 
Reporting Trials guidelines for randomised clinical 
trials46 and registered with  ClinicalTrials. gov, identifier 
NCT02710682.

Patient and public involvement
The development of the research question and outcome 
measures of this study was informed by issues regarding 
care management of patients with CLE, encountered in 
our clinical practice. However, patients were not directly 
involved in the design of the study, nor in the recruitment 
and conduct of the study. To assess the burden of the 
interventions, as part of the study outcome measures, the 
participants’ global impression of change and treatment 
satisfaction will be measured. The results of the study 
will be disseminated to the study participants and the 
general public through a report published by the Institut 
de recherche Robert-Sauvé en santé et sécurité du travail 
(IRSST), Montreal (Quebec), Canada, which participates 
in the funding of the study.

Figure 1 Participant flow chart.
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subjects and recruitment strategy
Figure 1 shows the participant flow chart throughout the 
study. Participants will be recruited over a period of 36 
months, from the intake clinics of two fellowship-trained 
orthopaedic surgeons specialised in upper-extremity 
surgery, at the CHUM. Additionally, we will recruit partic-
ipants through other physicians and healthcare profes-
sionals, via advertisements intended for the general 
public, the hospital intranet, the university’s social media 
profiles, and local newspaper and medical association 
newsletters. Those interested will contact the research 
coordinator who will provide further information about 
the study objectives and procedures and will perform an 
initial eligibility screening interview by telephone.

Medical evaluation
Participants found to be eligible after the initial tele-
phone interview will be invited to attend a medical exam-
ination by one of two orthopaedists. The orthopaedist will 
perform a standardised clinical examination to confirm 
the CLE diagnosis and assess eligibility to participate in 
the research project (table 1).

Enrolment procedure
Following the medical evaluation, the research coordi-
nator will meet with the eligible participants and obtain 
written informed consent. Demographic variables (age, 
sex, height and weight), employment status (full-time or 
part-time work, on workers’ compensation/insurance 
leave) and professional activity characteristics (repetitive 
movements for >4 hours/day; light/heavy physical work-
load; wrist flexion for >2 hours/day; elbow flexion and 
extension for >2 hours/day; use of computer keyboard/
mouse (number of hours/day); use of vibrating instru-
ments for >2 hours/day) will be collected. Participants 
will also be asked relevant questions about their previous 
medical history, duration of CLE symptoms, and previous 
treatments (rehabilitation programme of stretching and/
or strengthening exercises, tendon injections or extra-cor-
poreal shockwave therapy). Finally, maximal pain free 

grip strength will be evaluated using a dynamometer 
according to a validated standardised protocol.47

us and elastography evaluation
Using an Acuson S3000 US scanner (Siemens Medical 
Systems, Mountain View, California, USA) with an opti-
mised standardised imaging protocol, a fellowship-trained 
musculoskeletal radiologist with 23 years of experience 
in musculoskeletal US will perform a grey-scale US 
scan, colour and power Doppler evaluation with a linear 
14L5SP or 14L5 MHz transducers and ARFI-mode elastog-
raphy with a linear 9L4 MHz transducer, of the common 
extensor tendon on the lateral aspect of the elbow, at 
the initial visit following enrolment in the study, and at 
6 and 12 months’ after the intervention. Participants will 
be sitting with the elbow flexed at approximately 70° and 
with the forearm resting on the examination table in a 
pronated position. For grey-scale US, standardised static 
images and dynamic cine clips in the long and short axes 
of the common extensor tendon will be taken to char-
acterise tendon abnormalities.30 31 48 The US and elas-
tography parameters assessed are presented in table 2. 
Cine clips will be reviewed at a later time point by two 
musculoskeletal radiologists, not otherwise involved in 
the project, for a blinded characterisation of tendon 
abnormalities. For ARFI-mode elastography, a linear 9L4 
MHz probe will be placed in the long and short axes of 
the tendon, using dedicated software (Siemens virtual 
touch imaging quantification (VTIQ)) to record data. A 
generous amount of coupling gel and minimal pressure 
will be applied by the probe so as not to compress the 
tissues to avoid tissue hardening artefact. The machine 
will be set at a maximal shear wave propagation velocity 
(10 m/s), and quality and velocity parametric images will 
be recorded. All images and cine clips will be stored on 
a picture archiving and communication system database.

randomisation and blinding scheme
Following the US and elastography examinations, partici-
pants will be randomised in two intervention groups with 

Table 1 Study eligibility criteria

Inclusion criteria Exclusion criteria

 ► Participants aged 25–67 years
 – Unilateral CLE as diagnosed by:Pain during palpation of 

a region slightly anterior and distal to the lateral humeral 
epicondyle.

 – Visual Analogue Pain Scale score≥4/10 on resisted wrist 
or middle finger extension with elbow in full extension.

 ► Unilateral CLE of≥6 month duration
 – Failure of ≥1 of the following treatments, as prescribed by 

a physician:Physical therapy.
 – Rehabilitation programme consisting of stretching and/or 

strengthening exercises.
 – Therapeutic injections.
 – Extracorporeal shockwave therapy.

 ► Suspected tumorous or infectious aetiology of elbow pain.
 ► Common extensor tendon tear >50% of tendon surface as 
measured by ultrasound.

 ► Corticosteroids injection <3 months prior to enrolment.
 ►  PRP or autologous blood injections.
 ► Haemorrhagic diathesis
 ► Anticoagulation therapy (platelets <50 000 X 10-6/L, INR >2).
 ► Local infection.
 ► History of elbow surgery or fracture.
 ► Cervical pain or brachialgia.
 ► Pregnancy.

CLE, chronic lateral epicondylosis; INR, international normalised ratio; PRP, plasma-rich platelet.

 on 10 June 2018 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-021373 on 9 June 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


6 Lungu E, et al. BMJ Open 2018;8:e021373. doi:10.1136/bmjopen-2017-021373

Open access 

block sizes of eight, without stratification, according to 
a computerised randomisation list generated under the 
supervision of one of the author (FD) who is not other-
wise involved with the participants. A research assistant, 
not otherwise involved with participant evaluations, 
will be responsible for keeping the allocation sequence 
in sealed envelopes. At the appropriate time, this assis-
tant will open the envelope and assure coordination of 
the therapeutic interventions. The research coordinator 
assessing the grip strength and administering the ques-
tionnaires throughout the study will remain blinded to 
the treatment group allocation.

data management
Participant responses will be considered outside the 
permitted follow-up time points if they are completed 
more than 2 weeks following the planned 6 week follow-up, 
more than 3 weeks at the 3 month follow-up, and 1 month 
before or after the 6 and 12 month follow-up. Registered 
subjects will be withdrawn from the study if: (1) subject 
withdraws his/her consent and (2) exclusion criteria are 
discovered after registration. Consent to use the data 
already collected prior to a subject’s withdrawal will be 
included in the consent form.

therapeutic interventions
US-guided tendon fenestration
One of two fellowship-trained musculoskeletal radiol-
ogists, with 23 and 10 years of experience in US-guided 
interventions, respectively, will perform the percutaneous 
tendon fenestration interventions. Participants will be 
instructed to avoid taking non-steroidal anti-inflamma-
tory medication 10 days prior and up to 14 days following 

the intervention, but will be allowed to continue other 
oral analgesics such as acetaminophen. The participant 
will be lying on a stretcher with his or her arm resting 
on an examination table next to the stretcher. With 
the elbow flexed at 70° and the forearm pronated, the 
common extensor tendon will be identified on US and 
the needle entry point on the skin will be marked. Using 
the standard aseptic technique, the skin at the lateral 
aspect of the elbow will be disinfected with an alcoholic 
chlorhexidine solution and draped. The skin and subcu-
taneous tissues will be anaesthetised with 3 cc of lidocaine 
1% and a 25G needle. Then, fenestration of the tendon 
will be performed with a 22G needle under continuous 
US guidance by repeatedly passing the needle along the 
long axis of the tendon and abrading the underlying 
bone, in order to cover the entire affected zone. Partici-
pants will then be provided with a pamphlet detailing the 
recommendations following the intervention (figure 2), 
accompanied by verbal instructions.

Open-release surgery
Using an open-release approach, the surgical interven-
tion will be undertaken by one of the two participating 
orthopaedic surgeons. Following skin disinfection, local 
anaesthesia and application of a tourniquet to the upper 
limb, a short longitudinal skin incision will be performed, 
slightly anterior to the lateral epicondyle. After subse-
quent dissection, the extensor carpi radialis longus 
(ECRL) tendon will be reclined to expose the conjoint 
tendon, and pathological tissue of the subjacent ECRB 
tendon will be excised. Then, the ECRL tendon will be 
sutured back to the extensor aponeurosis, followed by 

Table 2 Study evaluation procedures and timeline

Study procedure
Medical 
evaluation

Enrolment 
visit 6 week 3 month 6 month 12 month

Determine eligibility X X

Obtain signed consent X

Obtain medical and demographic data X

Give instructions for Pain medication diary X

Pain-free grip strength X X X

Ultrasonography and Elastography 
evaluations

X X X

Outcome measures

  PRTEE X X X X X

  QuickDASH disability/symptoms and 
work modules 

X X X X X

  RA-WIS X X X X X

  OPIGC x x x x

  Degree of satisfaction x x x x

  MQS x x x x

MQS, Medication Quantitative Scale.; PIGC, patient impression of global change; PRTEE, Patient Rated Tennis Elbow Evaluation; 
QuickDASH, The shortened version of the Disabilities of the Arm, Shoulder and Hand questionnaire; RA-WIS, work instability scale for 
rheumatoid arthritis.
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skin closure. Postoperative follow-up is planned at various 
intervals, up to 6 months, as per the usual clinical care 
management of each orthopedist and the post-operative 
progress of each participant.

Any adverse effect will be assessed by the physician 
responsible for the intervention and recorded at the time 
of the interventions. According to the usual procedure, 
any unexpected adverse effect will be reported to the 
research ethics board.

Baseline and follow-up evaluations at 6 weeks, 3, 6 and 12 
months
During the enrolment visit and at each follow-up time 
point, patients will complete various self-adminis-
tered validated outcome questionnaires using an elec-
tronic database (REDCap electronic data capture tools 
hosted at McGill University Health Centre–Research Insti-
tute, Montreal, Canada)49 with user interface controls 
developed for the present study. Data will be collected 
during the participants’ visits to the university hospital 
at baseline, 6 and 12 months and online at the 6 week 
and 3 month time points. To maximise participant 
compliance in questionnaire completion at the 6 week 

and 3 month follow-up time points, reminder emails 
and a telephone call by the research coordinator will be 
programmed (table 2).

bAsELInE And outCoME MEAsurEs
Pain and disability severity
The primary outcome measure will be the PRTEE score 
(scale 0 to 100=worst possible pain and very significant 
loss of function). This questionnaire is specific to elbow 
pathology and is sensitive to change.50 A variation of 
11/100 points or 37% is considered a clinically significant 
change, that is, ‘much better’ or ‘completely recovered’.51

Elbow symptoms of pain and physical dysfunction, as 
well as impact of symptoms on ability to work, will be 
measured with the self-reported shortened version of the 
Disabilities of the Arm, Shoulder and Hand (11-item Quick-
DASH) disability/symptom and the four-item Quick-
DASH Work modules, respectively.52 Total and individual 
module scores will be calculated out of 100, with a higher 
score indicating a worse status. A minimal clinically 
important difference of 15.91 points and a minimum 
detectable change of 12.85 points have been reported.52

Figure 2 Instructions intended for participants following an US-guided fenestration intervention. This pamphlet is given to the 
study participants who are randomised in the fenestration group.
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functional instability at work
In order to gather information that is complementary to 
the pain and disability scales, functional instability at work 
will be measured with the 23-item Work Instability Scale 
for Rheumatoid Arthritis (RA-WIS).53 The score is on a 
scale from 0 to 23, with levels of functional instability at 
work described as: weak <10; moderate 10–17; severe >17. 
This scale has been validated for elbow pathologies,54 and 
its sensitivity to change and its predictive capabilities have 
been established.55

Pain free grip strength
The research coordinator, having received appropriate 
prior training, will measure participant pain free grip 
strength, using a Jamar Plus+ dynamometer (Park City, 
USA). Participants, holding their arm adducted along the 
body and the elbow in full extension, will be instructed 
to slowly squeeze the dynamometer until the occur-
rence of pain. The mean of three consecutive trials, 

separated by a 20 s pause, will be calculated. Results will 
be presented as a ratio of values of the symptomatic side/
asymptomatic side×100.7

Participant global impression of change and treatment 
satisfaction
Participants global impression of change regarding 
their condition will be assessed at follow-up with a scale 
ranging from 1 to 7 with ‘unchanged’ as the midpoint 
and ‘considerably improved’ and ‘considerably dete-
riorated’ as anchors.56 Success rates will be calculated 
by dichotomising responses. Participants who report 
their overall condition as ‘much improved’ or ‘consid-
erably improved’ since the beginning of the study will 
be counted as successes, while other responses will be 
counted as failures.

Similarly, participants’ level of satisfaction on the evolu-
tion of their condition will be determined on a seven-
point Likert scale ranging from ‘considerably satisfied’ 
to ‘considerably unsatisfied’, with ‘no change’ as the 
midpoint.

Pain medication intake
The participants will be asked to record in a pain medica-
tion diary, their total intake of analgesics during the week 
preceding the 6 week, 3, 6 and 12 month follow-up time 
points. Their pain medication intake will be quantified 
at each time point, using the Medication Quantification 
Scale (MQS).57 This tool will make it possible to calcu-
late the scores for each pain-related medication, based on 
weights assigned by pharmacologic class and dosage level, 
before being summed to yield the total MQS score. The 
minimal clinically important difference in MQS score is 
4.57

us and elastography parameters
Common extensor tendon thickness will be measured 
at the base of the lateral epicondyle, with the trans-
ducer in the long axis (figure 3). Tendon (figure 3) and 
radial collateral ligament (figure 4) echostructure will 
be determined based on echogenicity and the presence 
of fissures or tears. The presence or absence of entheso-
phytes and of calcifications will be assessed (figure 5). 
Colour and power Doppler US will be used to deter-
mine density of neovessels on a long axis image of the 
common extensor tendon (figures 6 and 7). In ARFI-
mode elastography, on a long axis image showing the 
base of the lateral humeral epicondyle, three regions 
of interest (ROI) will be identified within the tendon, 
along the humeral cortex, at equidistant positions, 
from the apex to the base of the epicondyle to measure 
shear wave velocities (SWV) (figures 8 and 9). Similarly, 
on a short-axis image of the common extensor tendon, 
two ROI will be placed parallel to the cortex. SWV will 
be measured at each ROI. Because stiffness measure-
ments are sensitive to the angle between the probe 
axis and the orientation of the tendon fibres, care 
will be taken to align the probe parallel to the tendon 

Figure 3 Chronic lateral epicondylosis in a patient’s right 
elbow. Long axis ultrasound (US) scan image of the common 
extensor tendon demonstrates diffuse hypoechogenicity 
and small anechoic clefts of the common extensor tendon 
representing a Grade 3 degree of severity. The maximal 
tendon thickness as shown by the cursors is measured 
between the surface of the tendon and the base of the lateral 
humeral epicondyle (H). An enthesophyte is present at the 
apex of the lateral epicondyle (arrow) as well as a small 
calcification adjacent to the cortex. R, radial head.

Figure 4 Chronic lateral epicondylosis in a patient’s 
right elbow. Long axis ultrasound scan image shows the 
radial collateral ligament (curved arrow) which occupies 
approximately 50% of the surface of the lateral epicondyle 
(arrows). a, annular ligament; H, lateral humeral epicondyle; R, 
radial head.
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fibres for the measurements taken in the long axis 
and perpendicular to the humeral cortex in the short 
axis. A maximum value of 10 m/s will be assigned to 
the sample volume (ROI) in the eventuality that some 
measurements exceed the limit of the Siemens unit. 
The mean of these measurements will be retained for 
analysis. The degree of anisotropy of the tendon will be 
assessed using the ratio of SWV measured in the short 
axis to the SWV measured in the long axis.58 Details of 
grading schemes for the imaging parameters are listed 
in table 3.

dAtA AnALysIs PLAn
Descriptive statistics will be used to characterise both 
treatment groups at baseline.

Primary objective analysis plan
Fisher’s exact test will be used to compare the propor-
tion of patients reporting a reduction of ≥11/100 points 
in PRTEE score at 6 months in each group. The primary 
analysis will follow the intention-to-treat principle.

secondary objectives analysis plans
In order to compare the impact of US-guided tendon 
fenestration and open-release surgery on pain, function, 
professional activity, grip strength, medication burden 
and tendon elasticity and anisotropy, mixed linear 
models for repeated measures will be used to assess the 
differences between the treatment groups in terms of 
the PRTEE, QuickDASH disability/symptom and work 
modules, RA-WIS, grip strength, MQS scores, mean 
SWS and ratio at respective time points. To evaluate and 
compare the impact of the two interventions on the partic-
ipant’s global impression of change and degree of satis-
faction, the proportion of participants in each group who 
are feeling ‘much improved’ or ‘considerably improved’ 
and ‘satisfied’ or ‘considerably satisfied’, respectively, will 
be compared using Fisher’s exact test. Finally, recursive 
partitioning analyses will determine whether US and 
elastography parameters recorded at baseline predict 
treatment response (reduction of ≥11/100 points of the 
PRTEE score) at 6 and 12 months following intervention 
and predictive statistics with corresponding 95% CI will 
be calculated.

Figure 8 Virtual Touch Image Quantification parametric 
quality map in a patient’s right elbow with chronic lateral 
epicondylosis. Long axis ultrasound scan in acoustic 
radiation force impulse-mode elastography shows a 
parametric quality map image with homogeneous green 
colour of the soft tissues indicating an adequate elastography 
read out.

Figure 5 Chronic lateral epicondylosis in a patient’s right 
elbow. Long axis ultrasound scan image of the common 
extensor tendon shows intratendinous calcific foci with 
(arrow) and without (dashed arrow) acoustic shadowing. Also 
note cortical irregularities and an enthesophyte, respectively, 
near the base and at the apex of the humeral epicondyle (H).

Figure 6 Grade 2 neoangiogenesis in a patient’s right elbow 
with chronic lateral epicondylosis. Long axis ultrasound scan 
with Power Doppler demonstrates neoangiogenesis involving 
approximately 50% of the tendon surface consistent with a 
Grade 2 severity. Note the presence of an enthesophyte at 
the apex of the lateral humeral epicondyle (arrow).

Figure 7 Grade 1 neoangiogenesis in a patient’s left elbow 
with chronic lateral epicondylosis. Long axis ultrasound scan 
with Power Doppler in a patient’s left elbow with chronic 
lateral epicondylosis showing a few pixels of Doppler signal 
indicative of a Grade 1 severity.
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sample size considerations
Sixty-four participants equally divided into the two treat-
ment arms will be enrolled in this study. Accounting for 
an attrition rate of 15%, a sample size of 28 patients per 
treatment group will yield 87% power to test for non-in-
feriority between surgery and US-guided fenestration, 
with success rates of 70%27 and 60%,22 respectively, and 
a clinically relevant difference of ≤15% between the 
proportion of patients in each arm reporting a reduction 
of ≥11/100 in PRTEE score at 6 months after treatment, 
with a two-sided significance level of 5%.

EtHICAL And study MonItorIng ConsIdErAtIons
This randomised controlled trial will be conducted 
in accordance with the approved trial protocol, the 
Tri-Council Policy Statement on Ethical Conduct for 
Research Involving Humans (TCPS2 2014) and the 
Quebec civil code.

Data collection and management will be organised by 
the research coordinator and supervised by the principal 
investigator (NJB). A research chart will be created for 
each subject. The chart will include the signed consent 
form and the standardised data entry forms. The research 
charts will be kept in locked file cabinets. The standardised 
data will be entered into the secured electronic database 
(REDCap) in a de-identified and coded format. All US 
images will be kept in the research picture archiving 
and communication system in a de-identified and coded 
format. The data monitoring committee (DMC) will be 
composed of the principal investigator and three co-in-
vestigators (FD, MC, GC) who are not directly involved 
with the participants. An external DMC is not deemed 
necessary in this phase II study. The principal investigator 
and all co-investigators will have access to the full dataset.

dIssEMInAtIon
Results of this study will be published in peer-reviewed 
journals and presented at local, national and international 

conferences. A study report, intended for the partici-
pants, healthcare professionals and general public will 
also be published by the Institut de recherche Robert-Sauvé 
en santé et sécurité du travail (IRSST), Montreal (Quebec), 
Canada, which is funding this study.

dIsCussIon
CLE is a highly prevalent condition, which causes pain 
with functional limitations associated to a significant socio-
economic burden and still lacks consensus on optimal 
care management. Although the majority of patients will 
experience improvement at 1 year with a combination of 
conservative measures, it is estimated that 4%–11% will 

Figure 9 Virtual Touch Image Quantification parametric 
velocity map in same patient’s right elbow as in figure 8. 
Corresponding parametric velocity map image with three 
regions of interest placed along the lateral epicondyle 
cortex to measure shear-wave velocities within the common 
extensor tendon. The mean of the three velocities is retained 
for statistical analysis.

Table 3 Ultrasonographic and elastographic parameters 
of the common extensor tendon at the lateral aspect of the 
elbow

Parameters Measurements

Maximal tendon 
thickness*

Centimetres (cm)

 Tendon 
echogenicity†

Grade 0: normal
Grade 1: hypoechogenicity <30%
Grade 2: hypoechogenicity 30%–70%
Grade 3: hypoechogenicity>70% and 
anechoic fissures
Grade 4: full-thickness tear or 
complete tendon detachment

Enthesophyte Grade 0: absent
Grade 1: present

Tendon calcifications Grade 0: absent
Grade 1: hyperechogenic without 
acoustic shadowing
Grade 2: hyperechogenic with 
acoustic shadowing

Color Doppler 
ultrasound‡

 Grade 0: no pixel
Grade 1: a few pixels
Grade 2: ≤50% of the tendon surface
Grade 3: >50% of the tendon surface

Power Doppler 
ultrasound‡

Grade 0: no pixel
Grade 1: a few pixels
Grade 2: ≤50% of the tendon surface
Grade 3: >50% of the tendon surface

Radial collateral 
ligament 
echostructure

Grade 0: normal
Grade 1: hypoechogenic, thickened, 
irregular or partial tear
Grade 2: complete tear

ARFI-mode 
elastography

Mean shear wave velocity
 ► Long axis of tendon
 ► Short axis of tendon
 ► Ratio SWV short axis/SWV long 
axis

*Measured at the base of the lateral epicondyle, perpendicular to 
tendon with transducer in long axis.
†Determined on a long axis image; degree of hypoechogenicity 
determined as % of tendon surface.
‡Assessed on long axis image of the tendon.
ARFI, acoustic radiation force impulse; SWV, shear wave velocities.
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eventually undergo surgery.59 Due to the absence of clin-
ically relevant staging of lateral epicondylosis, it remains 
undetermined which forms will respond to conservative 
measures and which forms are more likely to require 
surgical treatment.25

To the best of our knowledge, this study is the first 
to compare US-guided fenestration to surgery, for the 
treatment of CLE. US-guided fenestration is less inva-
sive, less expensive and more accessible than surgery 
and, if proved to be effective, could be offered to 
selected patients as part of non-operative care manage-
ment. In view of recent literature, the use of cortico-
steroid injections in the treatment of CLE should be 
discouraged. Nevertheless, corticosteroid injections are 
still commonly used, as physicians wish to satisfy their 
patients’ need to relieve pain. Therefore, a change in 
paradigm in CLE treatment is needed. This change will 
come about through proposed evidence-based treat-
ment guidelines. Other authors are now conducting a 
clinical trial48 on CLE treatment and our prospective 
randomised study proposes to complement and add to 
this relevant and much needed scientific effort. Further-
more, this study will explore the value of imaging 
biomarkers to improve the characterisation of CLE and 
help establish prognosis. This secondary objective is 
part of an effort to develop better guidelines and risk 
stratification plans to assist clinicians and other health-
care professionals in the care management of CLE.

Author affiliations
1Department of Radiology, Centre Hospitalier de L'Universite de Montreal (CHUM), 
Montreal, Quebec, Canada
2Department of Radiology, Radio-oncology and Nuclear Medicine, Faculty of 
Medicine, Université de Montréal, Montreal, Quebec, Canada
3Department of Surgery, Centre Hospitalier de L'Universite de Montreal (CHUM), 
Montreal, Quebec, Canada
4Department of Surgery, Faculty of Medicine, Université de Montréal, Montreal, 
Quebec, Canada
5Research Center, Hôpital Maisonneuve-Rosemont, University of Montreal, Montreal, 
Quebec, Canada
6School of Rehabilitation, Faculty of Medicine, Université de Montreal, Montreal, 
Quebec, Canada
7Research Center, Centre Hospitalier de l’Université de Montréal (CHUM), Montreal, 
Quebec, Canada
8Department of Anesthesiology, Faculty of Medicine, Université de Montréal, 
Montreal, Quebec, Canada

Acknowledgements The authors wish to thank Ms Kathleen Beaumont for 
providing manuscript review assistance. We would like to acknowledge Siemens 
Healthineers for the loan of the S3000 ultrasound machine for the duration of this 
project. Siemens Healthineers had no role in study design and will have no role or 
authority in collection, management, analysis and interpretation of data; writing of 
the report and the decision to submit the report for publication. 

Contributors PG, PT, FD, MC, GC and NJB significantly contributed to designing the 
study protocol. EL drafted the manuscript under NJB’s supervision. PG, PT, FD, MC 
and GC critically reviewed the manuscript. All authors approved the final version of 
this study protocol.

funding This work is supported by Institut de recherche Robert-Sauvé en santé et 
sécurité du travail (IRSST), Montreal (Quebec), Canada (grant # 2015-0034).

Competing interests NJB MD MSc is supported by the Fonds de recherche 
du Québec–Santé (FRQ-S), Montreal (Quebec), Canada (Research Scholarship 
Grant # 31144, 2015–2019). The IRSST and the FRQ-S had no role in study 
design and will have no role or authority in collection, management, analysis and 

interpretation of data; writing of the report and the decision to submit the report 
for publication. 

Patient consent Obtained

Ethics approval Centre Hospitalier de l’Université de Montréal (CHUM)

Provenance and peer review Not commissioned; externally peer reviewed.

data sharing statement Study data are collected and managed using Research 
Electronic Data Capture (REDCap) electronic data capture tools hosted at McGill 
University Health Centre, Research Institute, Montreal, Canada. REDCap is a secure, 
web-based application designed to support data capture for research studies, 
providing: (1) an intuitive interface for validated data entry; (2) audit trails for 
tracking data manipulation and export procedures; (3) automated export procedures 
for seamless data downloads to common statistical packages and (4) procedures 
for importing data from external sources. 

open access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

rEfErEnCEs
 1. Shiri R, Viikari-Juntura E, Varonen H, et al. Prevalence and 

determinants of lateral and medial epicondylitis: a population study. 
Am J Epidemiol 2006;164:1065–74.

 2. Walker-Bone K, Palmer KT, Reading I, et al. Occupation 
and epicondylitis: a population-based study. Rheumatology 
2012;51:305–10.

 3. Nourissat G, Berenbaum F, Duprez D. Tendon injury: from biology to 
tendon repair. Nat Rev Rheumatol 2015;11:223–33.

 4. Potter HG, Hannafin JA, Morwessel RM, et al. Lateral epicondylitis: 
correlation of MR imaging, surgical, and histopathologic findings. 
Radiology 1995;196:43–6.

 5. Buchbinder R, Johnston RV, Barnsley L, et al. Surgery for lateral 
elbow pain. Cochrane Database Syst Rev 2011;3:CD003525.

 6. Bisset L, Paungmali A, Vicenzino B, et al. A systematic review and 
meta-analysis of clinical trials on physical interventions for lateral 
epicondylalgia. Br J Sports Med 2005;39:411–22.

 7. Smidt N, van der Windt DA, Assendelft WJ, et al. Corticosteroid 
injections, physiotherapy, or a wait-and-see policy for lateral 
epicondylitis: a randomised controlled trial. Lancet 2002;359:657–62.

 8. Coombes BK, Bisset L, Brooks P, et al. Effect of corticosteroid 
injection, physiotherapy, or both on clinical outcomes in patients with 
unilateral lateral epicondylalgia: a randomized controlled trial. JAMA 
2013;309:461–9.

 9. Coombes BK, Bisset L, Vicenzino B. Efficacy and safety of 
corticosteroid injections and other injections for management of 
tendinopathy: a systematic review of randomised controlled trials. 
Lancet 2010;376:1751–67.

 10. Buchbinder R, Green SE, Youd JM, et al. Shock wave therapy for 
lateral elbow pain. Cochrane Database Syst Rev 2005;4:CD003524.

 11. Hoksrud AF, Bahr R. Injectable agents derived from or targeting 
vascularity: has clinical acceptance in managing tendon disorders 
superseded scientific evidence? J Musculoskelet Neuronal Interact 
2011;11:174–84.

 12. Ahmad Z, Brooks R, Kang SN, et al. The effect of platelet-rich 
plasma on clinical outcomes in lateral epicondylitis. Arthroscopy 
2013;29:1851–62.

 13. de Vos RJ, Windt J, Weir A. Strong evidence against platelet-rich 
plasma injections for chronic lateral epicondylar tendinopathy: a 
systematic review. Br J Sports Med 2014;48:952–6.

 14. Moraes VY, Lenza M, Tamaoki MJ, et al. Platelet-rich therapies for 
musculoskeletal soft tissue injuries. Cochrane Database Syst Rev 
2014;4:CD010071.

 15. Jacobson JA, Kim SM, Brigido MK. Ultrasound-guided percutaneous 
tenotomy. Semin Musculoskelet Radiol 2016;20:414–21.

 16. Chiavaras MM, Jacobson JA. Ultrasound-guided tendon 
fenestration. Semin Musculoskelet Radiol 2013;17:85–90.

 17. McShane JM, Shah VN, Nazarian LN. Sonographically guided 
percutaneous needle tenotomy for treatment of common extensor 
tendinosis in the elbow: is a corticosteroid necessary? J Ultrasound 
Med 2008;27:1137–44.

 on 10 June 2018 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-021373 on 9 June 2018. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1093/aje/kwj325
http://dx.doi.org/10.1093/rheumatology/ker228
http://dx.doi.org/10.1038/nrrheum.2015.26
http://dx.doi.org/10.1148/radiology.196.1.7784585
http://dx.doi.org/10.1002/14651858.CD003525.pub2
http://dx.doi.org/10.1136/bjsm.2004.016170
http://dx.doi.org/10.1016/S0140-6736(02)07811-X
http://dx.doi.org/10.1001/jama.2013.129
http://dx.doi.org/10.1016/S0140-6736(10)61160-9
http://dx.doi.org/10.1002/14651858.CD003524.pub2
http://www.ncbi.nlm.nih.gov/pubmed/21625054
http://dx.doi.org/10.1016/j.arthro.2013.07.272
http://dx.doi.org/10.1136/bjsports-2013-093281
http://dx.doi.org/10.1002/14651858.CD010071.pub3
http://dx.doi.org/10.1055/s-0036-1597545
http://dx.doi.org/10.1055/s-0033-1333942
http://dx.doi.org/10.7863/jum.2008.27.8.1137
http://dx.doi.org/10.7863/jum.2008.27.8.1137
http://bmjopen.bmj.com/


12 Lungu E, et al. BMJ Open 2018;8:e021373. doi:10.1136/bmjopen-2017-021373

Open access 

 18. Stenhouse G, Sookur P, Watson M. Do blood growth factors offer 
additional benefit in refractory lateral epicondylitis? A prospective, 
randomized pilot trial of dry needling as a stand-alone procedure 
versus dry needling and autologous conditioned plasma. Skeletal 
Radiol 2013;42:1515–20.

 19. Dragoo JL, Wasterlain AS, Braun HJ, et al. Platelet-rich plasma as 
a treatment for patellar tendinopathy: a double-blind, randomized 
controlled trial. Am J Sports Med 2014;42:610–8.

 20. Jacobson JA, Rubin J, Yablon CM, et al. Ultrasound-guided 
fenestration of tendons about the hip and pelvis: clinical outcomes.  
J Ultrasound Med 2015;34:2029–35.

 21. McShane JM, Nazarian LN, Harwood MI. Sonographically guided 
percutaneous needle tenotomy for treatment of common extensor 
tendinosis in the elbow. J Ultrasound Med 2006;25:1281–9.

 22. Mishra AK, Skrepnik NV, Edwards SG, et al. Efficacy of platelet-
rich plasma for chronic tennis elbow: a double-blind, prospective, 
multicenter, randomized controlled trial of 230 patients. Am J Sports 
Med 2014;42:463–71.

 23. Krey D, Borchers J, McCamey K. Tendon needling for treatment of 
tendinopathy: a systematic review. Phys Sportsmed 2015;43:80–6.

 24. Krogh TP, Bartels EM, Ellingsen T, et al. Comparative effectiveness 
of injection therapies in lateral epicondylitis: a systematic review and 
network meta-analysis of randomized controlled trials. Am J Sports 
Med 2013;41:1435–46.

 25. Wang D, Degen RM, Camp CL, et al. Trends in surgical practices 
for lateral epicondylitis among newly trained orthopaedic surgeons. 
Orthop J Sports Med 2017;5:232596711773057.

 26. Keizer SB, Rutten HP, Pilot P, et al. Botulinum toxin injection versus 
surgical treatment for tennis elbow: a randomized pilot study. Clin 
Orthop Relat Res 2002;401:125–31.

 27. Peart RE, Strickler SS, Schweitzer KM. Lateral epicondylitis: a 
comparative study of open and arthroscopic lateral release. Am J 
Orthop 2004;33:565–7.

 28. Dunkow PD, Jatti M, Muddu BN. A comparison of open and 
percutaneous techniques in the surgical treatment of tennis elbow.  
J Bone Joint Surg Br 2004;86:701–4.

 29. Walz DM, Newman JS, Konin GP, et al. Epicondylitis: pathogenesis, 
imaging, and treatment. Radiographics 2010;30:167–84.

 30. Konin GP, Nazarian LN, Walz DM. US of the elbow: indications, 
technique, normal anatomy, and pathologic conditions. 
Radiographics 2013;33:E125–47.

 31. Levin D, Nazarian LN, Miller TT, et al. Lateral epicondylitis of the 
elbow: US findings. Radiology 2005;237:230–4.

 32. Dones VC, Grimmer K, Thoirs K, et al. The diagnostic validity of 
musculoskeletal ultrasound in lateral epicondylalgia: a systematic 
review. BMC Med Imaging 2014;14:10.

 33. Clarke AW, Ahmad M, Curtis M, et al. Lateral elbow tendinopathy: 
correlation of ultrasound findings with pain and functional disability. 
Am J Sports Med 2010;38:1209–14.

 34. Latham SK, Smith TO. The diagnostic test accuracy of ultrasound for 
the detection of lateral epicondylitis: a systematic review and meta-
analysis. Orthop Traumatol Surg Res 2014;100:281–6.

 35. Heales LJ, Broadhurst N, Mellor R, et al. Diagnostic ultrasound 
imaging for lateral epicondylalgia: a case-control study. Med Sci 
Sports Exerc 2014;46:2070–6.

 36. Klauser AS, Pamminger M, Halpern EJ, et al. Extensor tendinopathy 
of the elbow assessed with sonoelastography: histologic correlation. 
Eur Radiol 2017;27:3460–6.

 37. De Zordo T, Fink C, Feuchtner GM, et al. Real-time sonoelastography 
findings in healthy Achilles tendons. AJR Am J Roentgenol 
2009;193:W134–38.

 38. De Zordo T, Lill SR, Fink C, et al. Real-time sonoelastography of 
lateral epicondylitis: comparison of findings between patients and 
healthy volunteers. AJR Am J Roentgenol 2009;193:180–5.

 39. Tan S, Kudaş S, Özcan AS, et al. Real-time sonoelastography of 
the Achilles tendon: pattern description in healthy subjects and 
patients with surgically repaired complete ruptures. Skeletal Radiol 
2012;41:1067–72.

 40. Yamamoto Y, Yamaguchi S, Sasho T, et al. Quantitative us 
elastography can be used to quantify mechanical and histologic 
tendon healing in a rabbit model of achilles tendon transection. 
Radiology 2017;283:160695–.

 41. Nightingale K. Acoustic Radiation Force Impulse (ARFI) Imaging: a 
review. Curr Med Imaging Rev 2011;7:328–39.

 42. Dirrichs T, Quack V, Gatz M, et al. Shear wave elastography (SWE) 
for the Evaluation of patients with tendinopathies. Acad Radiol 
2016;23:1204–13.

 43. Slane LC, Martin J, DeWall R, et al. Quantitative ultrasound mapping 
of regional variations in shear wave speeds of the aging Achilles 
tendon. Eur Radiol 2017;27:474–82.

 44. Taljanovic MS, Gimber LH, Becker GW, et al. Shear-wave 
elastography: basic physics and musculoskeletal applications. 
Radiographics 2017;37:855–70.

 45. Chan AW, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200–7.

 46. Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: 
updated guidelines for reporting parallel group randomised trials. 
BMC Med 2010;8:18.

 47. Dorf ER, Chhabra AB, Golish SR, et al. Effect of elbow position on 
grip strength in the evaluation of lateral epicondylitis. J Hand Surg 
Am 2007;32:882–6.

 48. Chiavaras MM, Jacobson JA, Carlos R, et al. Impact of platelet 
rich plasma over alternative therapies in patients with lateral 
epicondylitis (improve): protocol for a multicenter randomized 
controlled study: a multicenter, randomized trial comparing 
autologous platelet-rich plasma, autologous whole blood, dry 
needle tendon fenestration, and physical therapy exercises alone 
on pain and quality of life in patients with lateral epicondylitis. Acad 
Radiol 2014;21:1144–55.

 49. Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap) – a metadata-driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81.

 50. Newcomer KL, Martinez-Silvestrini JA, Schaefer MP, et al. Sensitivity 
of the patient-rated forearm evaluation questionnaire in lateral 
epicondylitis. J Hand Ther 2005;18:400–6.

 51. Poltawski L, Watson T. Measuring clinically important change 
with the patient-rated tennis elbow evaluation. Hand Therapy 
2011;16:52–7.

 52. Franchignoni F, Vercelli S, Giordano A, et al. Minimal clinically 
important difference of the disabilities of the arm, shoulder and hand 
outcome measure (DASH) and its shortened version (QuickDASH).  
J Orthop Sports Phys Ther 2014;44:30–9.

 53. Gilworth G, Emery P, Gossec L, et al. Adaptation and cross-cultural 
validation of the rheumatoid arthritis work instability scale (RA-WIS). 
Ann Rheum Dis 2009;68:1686–90.

 54. Tang K, Pitts S, Solway S, et al. Comparison of the psychometric 
properties of four at-work disability measures in workers with 
shoulder or elbow disorders. J Occup Rehabil 2009;19:142–54.

 55. Roy JS, MacDermid JC, Amick BC, et al. Validity and responsiveness 
of presenteeism scales in chronic work-related upper-extremity 
disorders. Phys Ther 2011;91:254–66.

 56. Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical 
importance of treatment outcomes in chronic pain clinical trials: 
IMMPACT recommendations. J Pain 2008;9:105–21.

 57. Gallizzi M, Gagnon C, Harden RN, et al. Medication quantification 
scale version iii: Internal validation of detriment weights using a 
chronic pain population. Pain Pract 2008;8:1–4.

 58. Carpenter EL, Lau HA, Kolodny EH, et al. Skeletal muscle in healthy 
subjects versus those with GNE-Related myopathy: Evaluation with 
shear-wave US – a pilot study. Radiology 2015;277:546–54.

 59. Gregory BP, Wysocki RW, Cohen MS. Controversies in surgical 
management of recalcitrant enthesopathy of the extensor carpi 
radialis brevis. J Hand Surg Am 2016;41:856–9.

 on 10 June 2018 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-021373 on 9 June 2018. D
ow

nloaded from
 

http://dx.doi.org/10.1007/s00256-013-1691-7
http://dx.doi.org/10.1007/s00256-013-1691-7
http://dx.doi.org/10.1177/0363546513518416
http://dx.doi.org/10.7863/ultra.15.01009
http://dx.doi.org/10.7863/jum.2006.25.10.1281
http://dx.doi.org/10.1177/0363546513494359
http://dx.doi.org/10.1177/0363546513494359
http://dx.doi.org/10.1080/00913847.2015.1004296
http://dx.doi.org/10.1177/0363546512458237
http://dx.doi.org/10.1177/0363546512458237
http://dx.doi.org/10.1177/2325967117730570
http://www.ncbi.nlm.nih.gov/pubmed/12151889
http://www.ncbi.nlm.nih.gov/pubmed/12151889
http://www.ncbi.nlm.nih.gov/pubmed/15603517
http://www.ncbi.nlm.nih.gov/pubmed/15603517
http://dx.doi.org/10.1302/0301-620X.86B5.14469
http://dx.doi.org/10.1148/rg.301095078
http://dx.doi.org/10.1148/rg.334125059
http://dx.doi.org/10.1148/radiol.2371040784
http://dx.doi.org/10.1186/1471-2342-14-10
http://dx.doi.org/10.1177/0363546509359066
http://dx.doi.org/10.1016/j.otsr.2014.01.006
http://dx.doi.org/10.1249/MSS.0000000000000345
http://dx.doi.org/10.1249/MSS.0000000000000345
http://dx.doi.org/10.1007/s00330-016-4711-x
http://dx.doi.org/10.2214/AJR.08.1843
http://dx.doi.org/10.2214/AJR.08.2020
http://dx.doi.org/10.1007/s00256-011-1339-4
http://dx.doi.org/10.1148/radiol.2016160695
http://dx.doi.org/10.2174/157340511798038657
http://dx.doi.org/10.1016/j.acra.2016.05.012
http://dx.doi.org/10.1007/s00330-016-4409-0
http://dx.doi.org/10.1148/rg.2017160116
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1186/1741-7015-8-18
http://dx.doi.org/10.1016/j.jhsa.2007.04.010
http://dx.doi.org/10.1016/j.jhsa.2007.04.010
http://dx.doi.org/10.1016/j.acra.2014.05.003
http://dx.doi.org/10.1016/j.acra.2014.05.003
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1197/j.jht.2005.07.001
http://dx.doi.org/10.1258/ht.2011.011013
http://dx.doi.org/10.2519/jospt.2014.4893
http://dx.doi.org/10.1136/ard.2008.098921
http://dx.doi.org/10.1007/s10926-009-9171-6
http://dx.doi.org/10.2522/ptj.20090274
http://dx.doi.org/10.1016/j.jpain.2007.09.005
http://dx.doi.org/10.1111/j.1533-2500.2007.00163.x
http://dx.doi.org/10.1148/radiol.2015142212
http://dx.doi.org/10.1016/j.jhsa.2016.06.010
http://bmjopen.bmj.com/

	Ultrasound-guided tendon fenestration versus open-release surgery for the treatment of chronic lateral epicondylosis of the elbow: protocol for a prospective, randomised, single blinded study
	Abstract
	Treatment of CLE: many options, no clear guidelines
	Ultrasound (US)-guided tendon fenestration for CLE
	Surgery for CLE
	Role of diagnostic ultrasonography in CLE

	Significance
	Study objectives
	Primary objective
	Hypothesis  

	Secondary objectives

	Methods and analysis
	Overview of study design
	Patient and public involvement
	Subjects and recruitment strategy
	Medical evaluation
	Enrolment procedure
	US and elastography evaluation
	Randomisation and blinding scheme
	Data management
	Therapeutic interventions
	US-guided tendon fenestration
	Open-release surgery
	Baseline and follow-up evaluations at 6 weeks, 3, 6 and 12 months


	Baseline and outcome measures
	Pain and disability severity
	Functional instability at work
	Pain free grip strength
	Participant global impression of change and treatment satisfaction
	Pain medication intake
	US and elastography parameters

	Data analysis plan
	Primary objective analysis plan
	Secondary objectives analysis plans
	Sample size considerations

	Ethical and study monitoring considerations
	Dissemination
	Discussion
	References


