


Figure 2

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 3month time points. To maximise participant
compliance in questionnaire completion at the 6week

Instructions intended for participants following an US-guided fenestration intervention. This pampbhlet is given to the
study participants who are randomised in the fenestration group.

and 3month 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=worstpossible pain and very significant
loss of function). This questionnaire is specific to elbow
pathology and is sensitive to change.”” A variation of
11/100 points or 37% is considered a clinically significant
change, that is, ‘much better’ or ‘completely recovered’.”!
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.”” 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.”

Lungu E, et al. BMJ Open 2018;8:6021373. doi:10.1136/bmjopen-2017-021373

“ybuAdoo Aq paroaioid 1sanb Aq 8T0Z aunr 0T uo /wod [wg uadoluwg//:dny woi papeojumoq '8T0Z dunr 6 Uo £/£T20-2T02Z-uadolwag/9eTT 0T Se paysignd isiiy :uado NG



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.

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).*® 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,” and
its sensitivity to change and its predictive capabilities have
been established.™

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,

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, annularligament; H, lateralhumeral epicondyle; R,
radial head.

separated by a 20s pause, will be calculated. Results will
be presented as a ratio of values of the symptomatic side/
asymptomaticsidex100.”

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.”® 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 6week, 3, 6 and 12month 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
miglimal clinically important difference in MQS score is
4°

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
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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).

fibres for the measurements taken in the long axis
and perpendicular to the humeral cortex in the short
axis. A maximum value of 10m/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.”® 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 211/100 points
in PRTEE score at 6 months in each group. The primary
analysis will follow the intention-to-treat principle.

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.

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 211/100 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 eloow 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.
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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.

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%,* respectively, and
a clinically relevant difference of <15% between the
proportion of patients in each arm reporting a reduction
of 211/100 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 keptin 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 atlocal, national and international

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

Parameters Measurements

Maximal tendon Centimetres (cm)

thickness*

Tendon Grade 0: normal

echogenicityt 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
ultrasoundz

Grade 0: no pixel

Grade 1: a few pixels

Grade 2: <50% of the tendon surface
Grade 3: >50% of the tendon surface

Grade 0: no pixel

Grade 1: a few pixels

Grade 2: <50% of the tendon surface
Grade 3: >50% of the tendon surface

Grade 0: normal

Power Doppler
ultrasoundf

Radial collateral

ligament Grade 1: hypoechogenic, thickened,
echostructure irregular or partial tear

Grade 2: complete tear
ARFI-mode Mean shear wave velocity
elastography » 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.

TDetermined on a long axis image; degree of hypoechogenicity
determined as % of tendon surface.

FAssessed on long axis image of the tendon.

ARFI, acoustic radiation force impulse; SWV, shear wave velocities.

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 1year with a combination of
conservative measures, it is estimated that 4%—-11% will
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eventually undergo surgery.”’ 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.”’

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 trial®® 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.
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