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BACKGROUND

Lateral elbow tendinopathy (LET), also widely known as “tennis elbow”, is the most
common musculoskeletal disorder of the elbow causing a significant functional
decline with increased disability and productivity loss (1-3). The prevalence of LET
ranges from 1% to 3% (4, 5), and it is strongly associated with repetitive activities,
office occupation, older age, female gender, smoking, shoulder tendinopathy and
obesity (6-8). The common diagnostic factor is pain over the lateral humeral
epicondyle during palpation and gripping that may radiate distally into the forearm
(9). Although the clinical presentation of LET has been well documented, the
aetiology remains inconclusive and the underlying pathophysiology is complex (10,

11).

The conservative management is considered to be the first line of treatment with
exercise, orthoses, manual therapy, physical therapy modalities, acupuncture and
multimodal physiotherapy treatment (9). However, evidence supporting a form of
the most effective treatment approach is unclear. Exercise including eccentric,
isometric or concentric-eccentric appears to be the most popular treatment
approach with or without passive interventions modalities or injections (12, 13). A
number of systematic reviews underlined the value of eccentric exercise in the
management of LET at short-term follow-up, however, their superiority compared
to other active interventions remains inconclusive (11, 14, 15). The effectiveness of
traditional training programmes in the management of LET is unclear since only a
few studies report their exercise program in ample detail to allow full replication in

clinical practice (Bisset et al., 2006; Coombes et al., 2013; Vuvan et al., 2020)



Important exercise properties such as load, dosage, time under tension, rest
periods, acceptable pain level, equipment, duration, frequency etc. are critical
barriers to provide clinical recommendations for the optimal exercise selection in
LET. Evidently, the research evaluation of innovative and well-developed active
interventions seems essential to improve evidence-informed clinical practice in the

current field.

STUDY RATIONALE

During the last few decades, a new type of training using Blood Flow Restriction
(BFR) has been suggested as an effective way to increase muscle strength and
mass both in healthy and unhealthy individuals (Patterson et al., 2019). Exercise
programmes using heavy loads such as 60- 70% of one repetition maximum (1RM)
were considered essential to elicit muscle hypertrophy and strength in 6-8 weeks’
time (16)However, low load resistance training using 20%—-30% 1RM with BFR,
has shown significant improvements in power and hypertrophy of skeletal muscles
compared to non-BFR load-matched controls. BFR training has its origins on
‘Kaatsu training’ and uses a pneumatic tourniquet system which applies an
external pressure, to the most proximal region of the upper or lower limbs (17). The
use of the tourniquet system results in a partial restriction of arterial blood flow to
structures distal to the cuff, while the venous return is also substantially blocked
(17, 18). Key role in skeletal muscle reaction to BFR training is thought to be the

inadequate oxygen supply (hypoxia) (19, 20).

The positive clinical use of BFR training has been well documented in systematic

reviews including a range of musculoskeletal conditions such as knee



osteoarthritis, anterior cruciate ligament injury, Achilles tendon ruptures, patella
tendinopathy etc. (21, 22). The use of BFR in clinical conditions has given
promising results not only for muscle strength and mass but also in pain reduction
(18, 21, 23, 24). The use of low load resistance training with BFR in conditions
where the presence of pain limits the use of high load resistance exercises can be
extremely valuable (25, 26). A study including patients with patellofemoral pain
syndrome reported that BFR training had statistically better results compared to
non BFR programmes in pain reduction and disability scores even with substantial
lower load of exercises at 8 weeks follow-up (23). In the same line, the study by
Korakakis et al., (2018) including patients with anterior knee pain showed
significantly better results of a low load resistance training BFR programme
compared to a non-BFR programme in pain reduction lasting for at least 45-min
post- intervention. Similarly, studies including patients with anterior cruciate
ligament repair showed that the addition of BFR training was more effective
compared to the traditional rehabilitation in muscle changes and pain reduction as
well (21, 27). According to the authors knowledge there are no research
investigations for the effectiveness of BFR training in upper limb tendinopathies
including LET. The use of an optimal exercise programme in patients with LET
remains inconclusive and the investigation of this new type of rehabilitation training

could be valuable in improving the clinical effectiveness of active treatments.



STUDY OBJECTIVES

To evaluate the effectiveness of low load resistance exercises with blood flow
restriction in increasing strength, reducing pain and improving function compared

to usual exercises in patients with lateral elbow tendinopathy.

STUDY DESIGN

Sample

Forty-two patients, men and women, 18-50 years old with LET and symptoms for
more than 2 weeks. Inclusion criteria: pain provoked by palpation on the lateral
epicondyle, Cohen's test, Maudsley test, Mill's test, pain free grip strength. All
participants will sign an informed consent form prior their participation to the study.
Study approval will be obtained from the Ethics Committee of the University of
West Attica. Exclusion criteria: shoulder tendinopathy, cervical radiculopathy,
reumatoid arthritis, neurological deficit, radial nerve entrapment, past treatment for
the elbow before entering the study, professional athletes, LET of the same side in
the last 3 years, serious cardiovascular diseases, venous deficiency, history of
heart surgery, cancer history, breast surgery, orthopaedic surgeries during the last
6 months, thrombosis, body mass Index = 30, Crohn syndrome, family or personal

history of pulmonary embolism

Procedure

Potential participants will be recruited through public invitations in the University of

West Attica, local hospitals, General Practitioners and Orthopaedic surgeons.



Individuals who will respond are going to be examined by a musculoskeletal

specialist physiotherapist.
Measurements

The primary outcome measures include self-perceived recovery measured using 6-
point Global Rating of Change (GROC) pain free grip strength pain (PFGS) and
functionality. GROC measurement will contain a six point Likert scale describing
the change from much worse to totally improved, PFGS will be measured with a
Jamar hand dynamometer, pain with 0-10 scale (Numerical rated pain scale) and
functional disability with the patient-rated tennis elbow (PRTEE) questionnaire.
Secondary outcomes include: Tendon thickness, neovascularity, presence of
spurs, calcification and/or tears in the common extensor tendon (lateral
epicondyle) measured with diagnostic ultrasound imaging. Also, isometric strength
measurements of elbow flexors and extensors will be included using the BioFet
force evaluation system (mean of three efforts of the maximum isometric

contraction). All measurements will be taken at baseline, 6- and 12-weeks follow-
up.
Interventions

Participants will be randomized with an appropriate software to either a blood flow
restriction exercise programme or a placebo blood flow restriction exercise
programme. A concealed allocation will be applied. Assessor, therapists and
patients will be blinded. Both groups of patients will be treated with a usual
exercise programme in lateral elbow tendinopathy (28). One group will use blood

flow restriction and the other group placebo blood flow restriction (cuffs without air



inflated). The exercise programmes will be held in physiotherapy sessions (twice a
week) for 6 weeks. Also, all patients will be treated with soft tissue massage, the
same appropriate advice and a home exercise programme (written workbook). All

patients will fill in a diary for monitoring adherence and co-interventions.

STATISTICAL ANALYSIS PLAN (SAP)

Demographic and Baseline Characteristics
All randomized participants will be included in statistical analysis. The following

demographic and baseline characteristics will be summarized and statistically
analyzed: gender, age, height and weight, smoking habits, type of work, physical
activity level, previous episodes of LET, time course of condition, severity of pain,
disability scores (PRTEE), pain free grip strength, isometric strength test of elbow

flexors and extensors.

Sample Size and Randomization
The primary outcome measure for the power calculation is the difference between

study groups in the change of PFGS between baseline and 12 weeks follow-up.
The MCID of PFGS has been evaluated in a group of patients with LET with an
age of 4219 years and relatively equal distribution of males and females (29).
These researchers found PFGS to better discriminate improved from non-improved
patients with a threshold of 7kg showing the greatest accuracy. Also, we used prior
effect estimates from an RCT (30), which compared different exercise programmes
in patients with LET reporting a standard deviation in PFGS 7.1 kgr. We have set

alpha=0.05 and beta=0.80 and resulted in n=16.15 per treatment group (31, 32).



By estimating up to 10% losses to follow-up our sample was set at 36 participants
(31, 32). Patients will be randomly allocated into the study groups. The principal
investigator will be responsible for the random allocation by using an online
random allocation software. Participants, therapists and assessor will be blinded to

the allocation into the study groups.

Data Analysis

All randomized study subjects will be analyzed using Intention-to-treat analysis.
Moreover, all randomized study subjects completing the trial period (complete
cases) will be analyzed using per protocol analysis. For the scope of sensitivity
analysis, study subjects with missing data on any of the variables will be excluded
from the analysis. Hence, the sensitivity of the results regarding the pattern of
missing data will be investigated. Model based multiple imputation will be used for

both primary and secondary outcomes.

All outcomes will be presented using descriptive statistics; normally distributed
data by the mean and standard deviation (SD) and skewed distributions by the
median and interquartile range (IQR). Binary and categorical variables will be
presented using counts and percentages. The SPSS software (version 25) will be

used for all statistical analysis.
Primary outcomes

The primary analysis will compare the two interventions on their mean change in

PFGS, PRTEE scores, pain reduction. The estimated difference in mean change



from baseline to 6 and 12 weeks and the corresponding 95 % confidence interval
(CI) will be presented. We will estimate all continuous outcome measures by using
baseline values as covariates in linear mixed models. For GROC logistic
regression will be used and the odds ratio (OR) including 95 % Confidence

Intervals (CI) will be presented.
Secondary Outcomes

As far tendon thickness and isometric strength of elbow flexors and extensors the
difference in mean change from baseline to 6 and 12 weeks and the corresponding
95 % confidence interval (CI) will be presented. Tendon neovascularity, presence
of spurs, calcification and/or tears in the common extensor tendon (lateral
epicondyle) incidence will be analyzed using logistic regression and the OR

including 95 % CI will be presented.

SUBJECTS CONFIDENTIALITY AND ETHICAL CONSIDERATIONS

In order to maintain subject confidentiality, only a site number, subject number and
subject initials will identify all study subjects. Data will be kept safe using records
with coded numbers. All study records will be kept in a locked file cabinet and code
sheets linking a patient's name to a patient identification number will be stored
separately in another locked file cabinet. The study will be conducted according to
the Declaration of Helsinki, Protection of Human Volunteers. Patients will
participate voluntarily, will be free to withdraw at any time and, sign a consent form

prior entering the study.
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