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Low-Load Resistance Training With
Blood Flow Restriction Is Effective
for Managing Lateral Elbow Tendinopathy:
A Randomized, Sham-Controlled Trial

ateral elbow tendinopathy (LET) is the most common pathology
of the elbow with symptoms over the lateral humeral epicondyle
during wrist movements and gripping.* The prevalence of LET
ranges from 1% to 8% in the general population, and up to
10% in tennis players and 29% in manual workers.”*~* Lateral elbow
tendinopathy can cause a significant decline in quality of life with a
substantial psychological and economic burden."*® Exercise with or

© OBJECTIVE: To evaluate the effect of low-load
resistance training with blood flow restriction
(LLRT-BFR) when compared to LLRT with sham-BFR
in patients with lateral elbow tendinopathy (LET).

© DESIGN: Randomized controlled trial.

© METHODS: Forty-six patients with LET were
randomly assigned to a LLRT-BFR or a LLRT with
sham-BFR treatment group. All patients received
soft tissue massage, supervised exercises with
BFR or sham intervention (twice a week for 6
weeks), advice, and a home exercise program.
The primary outcome measures were pain
intensity, patient-rated tennis elbow evaluation
(PRTEE) score, pain-free grip strength, and global
rating of change, measured at baseline, 6 weeks,
and 12 weeks. Between-group differences were
evaluated using mixed-effects models with par-
ticipant-specific random effects for continuous
data. Global rating of change was analyzed using
logistic regression.

© RESULTS: Statistically significant between-group
differences were found in favor of LLRT-BFR

compared to LLRT with sham-BFR in pain intensity
at 12-week follow-up (-1.54, 95% CI: -2.89 to -0.18;
P =.026), pain-free grip strength ratio at 6-week
follow-up (0.20, 95% Cl: 0.06 to 0.34; P =.005),
and PRTEE at 6- and 12-week follow-up (-11.92, 95%
Cl: -20.26 to -3.59; P = .006, and -15.23, 95%

Cl: -23.57 to -6.9; P<.001, respectively). At 6- and
12-weeks, patients in the LLRT-BFR group had great-
er odds of reporting complete recovery or significant
improvement (OR = 6.0, OR = 4.09, respectively).

© CONCLUSION: Low-load resistance training with
blood flow restriction produced significantly better
results compared to the LLRT with sham-BFR for
all primary outcomes. Considering the clinically
significant between-group improvement in function
(>11 points in PRTEE) and the better success

rates in the LLRT-BFR group, this intervention may
improve recovery in LET. J Orthop Sports Phys Ther
2022;52(12):803-825. Epub: 14 September 2022.
doi:10.251%jospt.2022.11211

© KEY WORDS: KAATSU training, lateral
epycondylitis, tennis elbow, therapeutic exercise,
rehabilitation

without passive interventions is the first-
line treatment option, resulting in small
benefits for reducing pain and improving
function compared to passive interven-
tions alone.’®** There is no substantial
evidence that 1 type of loading is more
beneficial than others for LET.12:35:4456

Blood flow restriction (BFR) is a popu-
lar method of training, which involves low-
load resistance training (LLRT) (20-40%
of 1 repetition maximum [RM]) with par-
tial restriction of the arterial blood flow
by placing inflatable air cuffs at the most
proximal part of the exercising limb.* Con-
temporary evidence supports LLRT with
BRF (LLRT-BFR) as a useful alternative
when high-intensity exercises are contrain-
dicated or too painful."?°?¢ Low-load resis-
tance training with blood flow restriction
improves muscle strength,'>62+% muscle
growth,?*%%67 and tendon adaptations®'° in
healthy individuals, and produces hypoal-
gesia® in patients with knee pathologies
compared to conventional high-load resis-
tance training (>70% of 1 RM). However,
the effects on upper limb musculoskeletal
conditions are unclear.®

Patients with LET have reduced grip
strength and elbow function5°**® due to pain
and strength deficits. There is a bioplausible
rationale for LLRT-BFR improving LET
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symptoms (including via exercise-induced
hypoalgesia, endogenous opioid, and en-
docannabinoid mechanisms of pain mod-
ulation).?02137385¢ We hypothesized that a
loading program of the asymptomatic el-
bow flexors and extensors (of the limb with
LET) with BFR application adhering to
the best practice guidelines (30% of 1 RM,
30-15-15-15 reps) and a BFR progressive
loading program with a pain monitoring
approach of wrist flexors and extensors (3
sets of 10 reps) would trigger a pain mod-
ulation mechanism without risking pa-
tients to flare up because of the increased
exercise volume.

The primary aim of this randomized
sham-controlled trial was to compare the
effect of a LLRT-BFR program to a LLRT
program with sham-BFR in pain intensity,
function, grip strength, and self-rated im-
provement in patients with LET. We also
aimed to evaluate (secondary outcomes) if
the application of BFR would induce sig-
nificant changes in isometric elbow flexion
and extension strength, or in elbow com-
mon extensor tendon (ECET) thickness
compared to the sham-BFR application.

METHODS

Study Design

A prospective randomized sham-con-
trolled design was implemented in a
community setting (Attica, Greece). Par-
ticipants were recruited from June 2020
to December 2021 via advertisements at
the University of West Attica and from
medical consultants’ referrals. Two physio-
therapists with 4 and 8 years of experience
delivered both interventions in a private
physiotherapy clinic. The trial was pro-
spectively registered in ISRCTN (https://
doi.org/10.1186/ISRCTN10724178).

Participants

Participants were eligible if they were
between 18 and 60 years, and were diag-
nosed with LET with symptoms for more
than 2 weeks. The diagnosis was based
on the following criteria: pain on palpa-
tion over the lateral epicondyle; positive
Cozen’s, Maudsley’s, and/or Mill’s test;
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decrease (>10%) in grip strength while
the elbow is extended compared to when
the elbow is flexed.>* The exclusion criteria
were shoulder tendinopathy on the same
side, cervical radiculopathy, rheumatoid
arthritis, neurological deficit, radial nerve
entrapment, previous interventions (<6
months), or episodes of LET in the same
elbow during the last 2 years. Patients
with serious cardiovascular diseases, high
blood pressure (>140/90), venous defi-
ciency, breast surgery, upper quadrant
orthopaedic surgeries during the last 6
months, history of deep venous thrombo-
sis, body mass index (BMI)>30, Crohn’s
disease, and history of heart surgery or
cancer were also excluded due to the ap-
plication of BFR training.*>#6

At the initial eligibility assessment,
potential participants were examined by
a musculoskeletal physiotherapist (MM)
with 17 years of experience and gave
written informed consent in compliance
with the Declaration of Helsinki.? Ethics
approval was obtained from the Ethics
Committee of the University of West
Attica (ID: 36898/03-06-2020).

Randomization and Masking

A computer-generated randomization se-
quence at a 1:1 ratio was performed by a
researcher who was not involved in data
collection. Group allocation was concealed
for all participants and study personnel
(assessor and data analyst) throughout the
study, except the administrative assistant
who was responsible for contacting and al-
locating the participants to groups. Alloca-
tions were sealed in opaque, consecutively
numbered envelopes by an administrative
assistant not involved in recruitment. Due
to the nature of the intervention, physio-
therapists delivering the exercise program
could not be blinded to the group alloca-
tion, but they were trained and instructed
to ensure equal provision of motivation
and treatment for both groups.

Interventions

The participants were randomized to ei-
ther a LLRT-BFR group using 40%-50%
of complete arterial occlusion pressure

or a LLRT-with-sham-BFR group us-
ing <20% of complete arterial occlusion
pressure with the cuff minimally inflated
to the point that was comfortably posi-
tioned on the proximal site of the limb.
Blood flow restriction was conducted by
using an automatic personalized tourni-
quet system (Mad-Up Pro, France).

All participants received a standardized
intervention, including soft tissue massage,
supervised exercises, advice and education,
and a home exercise program delivered via
an exercise instruction booklet.

Each session started with determining
arterial occlusion pressure in the standard
anatomical position.?® The only difference
between the groups was the application
of BFR or sham-BFR during the super-
vised exercises. A detailed description of
the interventions is presented in (APPENDIX
TABLE 1).

A 2-stage training program was used.
In the first stage, all exercises were per-
formed with BFR or sham-BFR. Each
session included 4 sets (30-15-15-15 rep-
etitions) of elbow flexion and extension
exercises (concentric-eccentric) at 30%
of 1 RM using dumbbells. Then, wrist
flexion, extension, and supination-pro-
nation exercises followed using 3 sets
of 10 repetitions with the minimum
free weight based on a pain-monitor-
ing approach (acceptable pain during
the exercise: <2 out of 10 in a numeric
pain-rating scale).®* Load was adjusted
accordingly on a weekly basis by adding
0.5-1 kg as indicated be the pain during
loading. Static stretching exercises (3
repetitions x 30 seconds) of the wrist
extensors and flexors were performed
at the end of each session.’® The second
stage started at least after 2 weeks of
training and if patients did not report
pain during or after exercises. Then, pa-
tients performed the first-stage training
program (with BFR or sham-BFR) with
the addition of exercises without BFR
(wall push-ups, wrist extension-flexion
using a rubber bar, hand grip using a soft
ball, and standing rowing exercises).'"54

A metronome was used to pace the ex-
ercise performance (2-second concentric
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and 2-second eccentric phases) to ensure
equal time under load between groups.
A 30-second break and a 1-minute break
were used between sets and exercises, re-
spectively. The cuff was deflated between
different exercises but not between sets.
A home exercise program was instruct-
ed to be performed every second day
(APPENDIX).

Physiotherapy sessions were conduct-
ed twice a week (30-45 minutes each)
over a period of 6 weeks. A weekly diary
for monitoring adherence to the home ex-
ercise program and cointerventions was
used. Therapists recorded any adverse
events (such as delayed onset muscle
soreness, excessive pain during exercises,
numbness, bruising, and tingling) report-
ed by the patients following the interven-
tion sessions.

Primary Outcomes

Before randomization, a blinded asses-
sor (MM) recorded demographic charac-
teristics (ie, age, duration of symptoms,
BM]I, previous symptoms, dominant side,
and alleged cause), and primary and sec-
ondary outcomes at baseline and at 6-
and 12-week follow-up.

The primary outcome measures were
pain intensity, patient-rated tennis el-
bow evaluation (PRTEE) score, pain-free
grip strength (PFGS), and global rating
of change (GROC). Pain intensity was
considered the worst level of pain over
the last week and was measured on an
11-point numeric pain-rating scale with
a minimum clinically important differ-
ence (MCID) of 2.1 points (>30% from
the pooled weighted mean from the base-
line scores).’”” The Greek version of the
PRTEE questionnaire was used as a con-
dition-specific, validated tool to measure
pain and disability."*** PRTEE score rang-
es between 0 and 100, with a score of 100
representing the worst imaginable pain
with a very significant functional disabil-
ity.* The MCID for PRTEE score was set
at 11 points.*® Pain-free grip strength has
been reported as a reliable measurement
method in patients with LET (intraclass
correlation coefficients [ICC] ranging

from 0.86 to 0.96).%° For the PFGS test,
a Jamar hand dynamometer was used,
calculating the mean value (kilograms)
of 3 efforts, separated by 30-second rest
intervals with participants lying in su-
pine position and the elbow fully extend-
ed.””*> The MCID of PFGS in patients
with LET has been reported to be 7 kg®’
(18% change in PFGS ratio).** Pain-free
grip strength measurements of the affect-
ed side were presented as a ratio of the
maximum grip strength of the unaffect-
ed side.”® Global rating of change was re-
corded on a 6-point Likert-scale (“much
worse” to “completely recovered”).””

Secondary Outcomes

We measured the maximum voluntary
isometric contraction of elbow flexors and
extensors (ICCs for elbow isometric tests
ranging from 0.83 to 0.94),?? and the ECET
thickness. A pilot within-day, intrarater re-
liability analysis was conducted with 30
minutes between test and retest (before
and after the subjective examination), in the
first 8 recruited patients (mean age + SD:
45 + 5.03) for the isometric elbow muscle
strength and for the tendon thickness mea-
surements, and the results showed excellent
reliability indices for flexors (ICC = 0.97,
minimally detectable change (MDC) = 1.44:
kg), extensors (ICC = 0.99, MDC = 1.16 kg),
capitellar (ICC = 0.95, MDC = 0.6 mm),
and radiocapitellar measurements (ICC =
0.97, MDC = 0.55 mm).

Elbow flexors and extensors strength
was measured with a digital handheld
dynamometer (BioFET MusTec). Partici-
pants were positioned in supine position
with the elbow flexed in 90° and the wrist
in supination.>%63 After a warm-up of 2-3
submaximal contractions, patients were
instructed to perform 3 bilateral maxi-
mum voluntary isometric contractions of
elbow flexion and extension (make-test
over 5 seconds).? The mean value (kilo-
grams) of 3 efforts, separated by 30-sec-
ond rest intervals, was calculated.>?
Isometric elbow flexion and extension
strength were calculated, analyzed, and
presented as a ratio between the affected
and the unaffected side.

Elbow common extensor tendon thick-
ness was assessed using a portable ultra-
sound device (Alpinion minisono, 3-12
Hz) with patients seated, elbows flexed
to 90°, the wrist pronated, and the arm
resting on a table.’® The sonographer
was a physiotherapist with 15 years of ex-
perience and blinded to patients’ group
allocation. Longitudinal scans were per-
formed with the transducer on the lateral
epicondyle with the linear array parallel to
the tendon fibers.? Tendon thickness was
measured offline using ImageJ software
at 2 locations: from the deepest point of
the capitellum and the mid-point of the
radiocapitellar joint (MCID>10%).2-260

Sample Size

Based on previous studies that used exer-
cise interventions in patients with LET,
a sample size calculation (power 0.80,
2-sided significance level 0.05) was con-
ducted by using PRTEE, PFGS, and pain
reduction (GPower 3.1). A sample size
of 17 in each group was estimated to be
sufficient to detect an effect size of 1.0 on
the PRTEE,¥% a sample size of 21 per
group to detect an effect size of 0.90 on
PFGS,* and a sample size of 17 per group
to detect an effect size of 1.0 on pain re-
duction.*>* To allow for a 10% loss to fol-
low-up, the sample size was increased to
23 per group.

Statistical Analysis
Normality of the data was checked visual-
ly with quantile-quantile (Q-Q) plots and
tested statistically using the Shapiro-Wilk
test. Descriptive statistics were used to
summarize the baseline characteristics of
the participants and the measurements.
For the computation of success rates,
participants’ general improvement was
dichotomized into successes (“complete
recovered” or “much improved”) and no
successes for the rest of the responses in
the GROC.?362

Data were analyzed for between-group
differences using mixed-effects models
with participant-specific random effects
over the 3 measurements of time points
(baseline, 6-, and 12-week follow-up).
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Fixed effects included group, time, and
group x time interactions. The parame-
ter estimates were adjusted for covariates
such as sex, chronicity, age, BMI, previous
episodes, and dominant affected side. The
choice of the best model for each variable
was made on the basis of the Akaike infor-
mation criterion. Models’ comparison was
conducted using the maximum likelihood
method for estimating the parameters,
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whereas the restricted maximum likeli-
hood method was used for the rest of the
estimation procedure by adding both in-
tercept and slope as random.%!

When there was a significant main
effect or interaction, we performed post
hoc testing with Bonferroni adjustments.
There were no participants crossing over
between groups. Mixed-models analysis
of datasets was conducted and presented

without imputation as there were only 1
and 2 participants lost to follow-up in the
LLRT-BFR group and the LLRT-with-
sham-BFR group, respectively. However,
we performed a sensitivity analysis for
the missing outcome data using last val-
ue carried forward. Cohen’s d effect sizes
were calculated using the pooled SD of
baseline scores, and values of 0.2, 0.5, and
0.80 were considered the thresholds of a

[ Enroliment ]

Assessed for eligibility (n = 50)

A 4

Excluded (n = 4)

+ Not meeting inclusion criteria (n = 3)
+ Declined to participate (n = 0)

+ Unable to attend (n = 1)

Randomized (n = 46)

Allocated to BFR group (n = 23)

- Received allocated intervention (n = 23)

——

Allocation ]

Allocated to sham-BFR group (n = 23)
- Received allocated intervention (n = 23)

[ Follow-up ]

Week 6:

Available (n = 22)
Week 12:

Lost to follow-up (n = 0)
Available (n = 22)

Lost to follow-up (n = 1) - traveled abroad

Week 6:

Week 12:

Lost to follow-up (n = 2) - lack of time
Available (n = 21)

Lost to follow-up (n = 0)
Available (n = 21)
)

—

Analysis |

Analyzed (n = 22)

Analyzed (n = 21)

|
FIGURE 1. CONSORT flow diagram. Abbreviations: BFR, blood flow restriction; CONSORT, Consolidated Standards of Reporting Trials.
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small, moderate, and large effects, respec-
tively.* Binary and categorical variables
were analyzed using logistic regression.
All data were analyzed with IBM SPSS
(Version 25), and the level of significance
was set at 0.05.

RESULTS

2021, 50 patients with LET were as-
sessed for eligibility, of which 4 pa-
tients were excluded, leaving 46 eligible
participants remaining for randomization
(FIGURE 1). Three participants were lost to
follow-up: 1 from the LLRT-BFR group
and 2 from the LLRT-with-sham-BFR
group. None of the dropouts was related
to side effects of the training. All remain-
ing participants completed the 12 sessions
(twice a week). The mean (+SD) age of the
participants was 45.2 (£8.4) years with a
median (interquartile range) duration of
symptoms of 6 (4-26) weeks (TABLE 1).
Summary statistics of baseline-ad-
justed outcome measures by treatment
group are presented in TABLE 2, whereas
the main and interaction effects as well
as the effects of covariates are presented
in APPENDIX TABLE 1.

FROM JANUARY 2020 TO DECEMBER

Between-Group Differences

A significant pain reduction with a mod-
erate effect size (d = 0.68) in favor of
the LLRT-BFR was observed at the 12-
week follow-up (-1.54, 95% CI: —-2.89
to —0.18) (TABLE 2). A statistically signif-
icant between-group difference in favor
of the LLRT-BFR group was found in the
PRTEE score at the 6- and 12-week fol-
low-up (~11.92, 95% CI: —20.26 to —3.59,
and -15.23, 95% CI: -23.57 to —-6.9, re-
spectively) with a large effect size (d =
0.88 and d = 1.13, respectively) (TABLE 2).
A between-group statistically significant
difference (0.20, 95% CI: 0.06 to 0.34)
with a large effect size (0.83) was found in
PFGS ratio only at the 6-week follow-up
(TABLE 2). A significant difference in the
odds of reporting a successful outcome
using GROC was found between pa-
tients allocated to the LLRT-BFR group

TABLE 1

PARTICIPANTS’ BASELINE

CHARACTERISTICS IN THE LLRT-BFR
AND THE LLRT-WiTH-SHAM-BFR GROUP?

LLRT-BFR Group LLRT-With-Sham-BFR Group

Characteristics (N=23) (N=23)
Women 9(39%) 13 (56%)
Age, mean (SD), years 433(87) 4708 (8.1)
BMI, mean (SD) 24.8 (41) 26.8(3.6)
Symptom duration, median (IQR), weeks 6 (4-26) 6 (4-26)
Dominant elbow affected 10 (43%) 10 (43%)
Nonsmokers 22 (95%) 18 (78%)
Previous episodes of LET 17 (74%) 19 (82%)
Manual workers 5(22%) 4. (17%)
Alleged cause:

- Sports or work related 10 (43%) 11 (48%)

- Insidious onset 7 (30%) 9 (39%)

- Other 6 (17%) 3(13%)

Abbreviations: LET, lateral elbow tendinopathy; LLRT-BFR; low-load resistance training with blood
Sflow restriction; SD, standard deviation; IQR, interquartile range.

“Values are presented as number (percentage), unless otherwise indicated. No significant differences
were found between the groups at baseline (all P>.05).

compared to patients allocated to the
LLRT-with-sham-BFR group at 6-week
(OR = 6.0, 95% CI: 1.5 to 23.9) and 12-
week (OR = 4.09, 95% CI: 1.03 to 16.28)
follow-up (TABLE 2).

Significant between-group differences
were found at the elbow flexors strength
ratio at both follow-up time points (0.2,
95% CI: 0.08 to 0.31, and 0.15, 95% CI:
0.04 to 0.27, respectively) with large
effect sizes (d = 1.2 and d = 0.9, respec-
tively) in favor of the LLRT-BFR group
(APPENDIX TABLE 2 and FIGURE 2). There
were no significant between-group differ-
ences for elbow extensors strength ratio
and ECET thickness (FIGURE 2).

Compliance, Cointerventions,

and Adverse Events

The implementation of home-based exer-
cise was similar between the LLRT-BFR
group and the LLRT-with-sham-BFR
group (86% [19/22] and 85% [18/21],
respectively). One patient from the
LLRT-BFR group and one from LLRT-
with-sham-BFR group reported using
nonsteroidal anti-inflammatory drugs
for 5 and 3 days, respectively. None of the

patients reported an adverse event due to
BFR or exercise training.

Sensitivity Analysis

There was no difference in main or inter-
actions effects compared to the primary
analysis when imputing missing data
(APPENDIX TABLE 3).

DISCUSSION

BFR Training Improves Disability
and Promotes Functional Recovery in LET
The combination of LLRT-BFR with pa-
tient education, home exercise program,
and massage significantly improved pain
intensity, PRTEE score, and PFGS ratio
as compared to the same intervention
with sham-BFR application in patients
with LET. A clinically significant be-
tween-group difference (>11 points in
PRTEE score) in favor of the LLRT-BFR
group was found in disability at the very-
short (6 weeks) and the short-term (12
weeks) follow-up, and in PFGS ratio
(>18%) at the 6-week follow-up.
Low-load resistance training with blood
flow restriction led to significantly better
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BETWEEN- AND WITHIN-GROUP DIFFERENCES OF BASELINE-ADJUSTED PRIMARY

ez 2 OuTcOME MEASURES IN PER-PROTOCOL ANALYSIS
LLRT-BFR Group? LLRT-With-Sham-BFR Group® Between-Group Differences® Odds Ratio* P Value
Pain intensity (0-10) 0.014¢
Baseline 747 +2.2 (6510 8.4) 6.64+21(571t0 75) -
6th week 347 +21(2.52 to 4.42) 4.62+2.1(3.65t05.59) -114+0.66 (-2.5t0 0.20), 0.09
d=052
12th week 173+21(0.78 t0 2.68) 327+21(23t04.24) -1.54 £ 0.67 (-2.89 t0 -0.18), 0.026°
d=068
Change from baseline to 6 weeks 399+07 (2.56t05.42),d=171  2.01+07 (0.57 to 3.46),d = 092
Change from 6 to 12 weeks 173+£07(0.29t03.18),d=074  134+07(-0.12t02.82),d = 0.61
Change from baseline to 12 weeks 573+07 (4.3t0716),d =2.46 3.36+£07 (191t0 4.81),d =154
PRTEE score <0.001¢
Baseline 3874 +13.2 (33.13 to 44.55) 3699 +12.25 (31.29 to 41.87)
6th week 1275+13 (695 t0 18.5) 24.68 +13 (18.74 10 30.61) -1192 +4.1(-20.26 to -3.59), 0.006¢
d=0.88
12th week 501+13.2 (079 0 10.81) 20.24 £13 (14.31t0 26.18) -1523+4.1(-23.57 to -6.9), <0.001¢
d=113
Change from baseline to 6 weeks 26.08 +37 (18.64 t0 33.53), 12.31+37 (4.741019.89),d = 095
d=186
Change from 6 to 12 weeks 774+37(0251t015.23),P=.04, 4.43+3.8(-324t012.11),d=0.34
d=055
Change from baseline to 12 weeks 33.83+37(26.38t0 41.27), 1675+ 37 (917 t0 24.32),d =1.29
d=243
PFGS® <0.001¢
Baseline 071+0.2 (0.61to 0.81) 075+ 0.2 (0.65 o 0.85)
6th week 093+0.2(0.83t0 1.03) 073+0.2 (0.63t0 0.83) 0.20 +0.06 (0.06 to 0.34), 0.005¢
d=083
12th week 094+0.2(0.84t01.04) 0.80+0.2 (070 to 091) 013 +0.06 (-0.009 to 0.27) 0.066¢
d=054
Change from baseline to 6 weeks -0.22 +0.05 (-0.32t0 -0.12), 0.01+0.04 (-0.08 to 0.11),
d=11 d=004
Change from 6 to 12 weeks 0.00+0.04 (-0.09t0 0.09),d =0 -0.05+0.04 (-0.15t0 0.04),
d=02
Change from baseline to 12 weeks 0.22 +0.05(-0.32t0 -0.12), -0.07 +0.04 (-0.17 to 0.02),
d=11 d=028
GROC n (% success rate):
At 6 weeks 18 (82%) 9 (43%) 6(15t0239) 0011
At 12 weeks 18 (82%) 11 (52%) 4.09(103t016.28)  0.018

dIntervention x time.

Adjustments were performed for post hoc multiple comparisons (Bonferront).
Between-group comparison (chi-square test).
sSuccesses at each time point were calculated from the responses of “much improved” and “complete recovery” in each group.

Abbreviations: BFR, blood flow restriction; GROC, global rating of change; LLRT-BFR; low-load resistance training with blood flow restriction; PRTEE,
patient-rated tennis elbow evaluation; PFGS, pain-free grip strength.
“Walues are means = SD and 95% confidence intervals.

*Value expressed as a ratio of the affected to the unaffected side.
Values in parenthesis are 95% confidence intervals.

perceived GROC and success rates than the
LLRT-with-sham-BFR group. Consider-
ing the lack of adverse events and the favor-
able outcomes, we suggest that LLRT-BFR

has potential as an add-on intervention to
exercise loading and patient education to
improve recovery in patients with LET, at
least at the short-term.

Exercise interventions are superior
for improving function than wait-and-
see and corticosteroid injections at the

short- and mid-term follow-up. However,
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FIGURE 2. Mean scores for the secondary outcomes in LLRT-BFR and LLRT with sham-BFR at 6- and 12-week follow-up. Notes: Data are adjusted means from the linear mixed-
effects analysis. Isometric elbow flexion and extension strength were calculated, analyzed, and presented as a ratio between the affected and the unaffected side. Error bars
show standard errors. A detailed description of the between-group differences and the within-group changes of secondary outcomes is reported in Appendix B. Abbreviations:
BFR, blood flow restriction; LLRT, low-load resistance training; PRTEE, patient-rated tennis elbow evaluation score.

LLRT with sham-BFR ===

the differences are small and not clinically
significant.? In our study, the LLRT-BFR
group had statistically and clinically
significant improvement (>11 points)

in PRTEE score at both follow-up time
points, indicating that the BFR compo-
nent might have played a key role in im-
proving treatment outcomes. Our reports

mirror previous results of physiotherapy
interventions with an exercise compo-
nent in patients with LET at 6- and 12-
week follow-up (47%-65% and 55%-76%,
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respectively).>*® Nevertheless, the propor-
tion of patients in the LLRT-BFR group
reported “complete recovery” or “much
improved” was substantially higher (82%)
at both time points.

A Pain-Monitoring BFR Approach

Was Effective for Improving Function

but Not for Reducing Pain

Several mechanisms may explain acute
or long-term effects of LLRT-BFR in re-
ducing pain, including (1) activating the
endogenous opioid system via beta-en-
dorphin,® (2) recruiting high threshold
motor units (similar to high-load resis-
tance training),?? (3) a baroreceptor path-
way due to increases in blood pressure,°
and (4) a conditioned pain modulation
phenomenon due to discomfort caused
from the exercise loading.? In our study,
the intensity and volume of the wrist ex-
tensors loading (minimum free weight
with pain<2/10, 3 sets of 10 reps) differed
to BFR best practice guidelines (30% of
1 RM, 4 sets of 30-15-15-15 reps) to avoid
symptom flare-up due to the increased
volume of loading. A relative underload-
ing of the wrist extensors might explain
why the changes we observed in pain
did not reach the clinical significance
threshold.

Applying LLRT with BFR in the up-
per limb resulted in significant improve-
ments in PFGS ratio. The between-group
differences were statistically and clinical-
ly significant in favor of the LLRT-BFR
group only at the 6-week follow-up and
plateaued up to the 12-week follow-up.
The LLRT-BFR displayed a significant
mean PFGS ratio increase over the first
6 weeks exceeding 20%, whereas the
LLRT-with-sham-BFR group remained
relatively stable with a mean PFGS ratio
increase that reached 5% at the 12-week
follow-up. On one hand, the lack of clin-
ically significant between-group differ-
ences could be attributed to the observed
mean PFGS ratio in the LLRT-BFR group
that reached a high limb symmetry (93%
and 94% at 6- and 12-week follow-up,
respectively). On the other hand, a lon-
ger application of BFR training during a

| RESEARCH REPORT ]

progressive exercise loading program (ie,
8 to 12 weeks),?"?532 similarly to studies
in lower limb musculoskeletal conditions,
could have facilitated the continuation of
PFGS improvement over a longer period.

No Between-Group Differences

in Tendon Thickness

Tendon thickness changes following BFR
loading are inconsistent.”*°47 Studies
that have investigated healthy tendon
thickness changes (rotator cuff,” patellar,?
and Achilles tendon') after LLRT-BFR
have consistently shown within-group
increases in thickness, which were at least
comparable to high-load training without
BFR. Our results supported a report in
Achilles tendinopathy suggesting reduced
tendon thickness following BFR train-
ing.*” Despite that an increased ECET
thickness has been documented as part
of the tendinopathic changes observed
in LET,* this ultrasonographic finding is
weakly correlated with clinical outcomes
such as pain and disability.’*** In addition,
the use of the method as a diagnostic or
stand-alone assessment tool has several
limitations, including the increased vari-
ability in asymptomatic tendon thickness,
substantial heterogeneity in equipment
and operators, and the small detectable
changes found in patients with LET.?*°

Limitations and Future Studies
We acknowledge the noninclusion of GROC
as a primary outcome measure in the sam-
ple size calculation. In addition, our results
cannot be generalized to patients receiving
cointerventions for LET (injections, brace,
etc) or with risk factors for adverse events
from the use of BFR. We also did not strictly
controlled for the total volume of exercise.
Future research should consider time
under tension along with total load as
independent factors that may influence
any pain or function effect independent
of BFR. We suggest that an important
area of future research is determining
the mechanisms of action of BFR appli-
cation in subgroups of patients with LET
as indicated by relative risk factors and
PRTEE scores.

CONCLUSIONS

HEN DELIVERED AS PART OF A
WG—week progressive exercise ther-
apy program, LLRT-BFR can im-
prove function, reduce pain, and improve

self-perceived recovery compared to LLRT
with sham-BFR in patients with LET. ®

IMKEY POINTS

FINDINGS: A 6-week low-load resistance
training program with blood flow re-
striction (BFR) was more effective in
improving function and self-perceived
recovery than a similar program with
sham-BFR in patients with lateral elbow
tendinopathy (tennis elbow) at the short
term (12 weeks).

IMPLICATIONS: Considering the statis-
tically (and clinically for function)
significant changes in favor of low-
load resistance training with BFR, the
method can be suggested as a valuable
additive intervention to improve re-
covery in patients with lateral elbow
tendinopathy.

CAUTION: Pain reduction was greater in
the BFR training group compared to
sham intervention at the 12-week fol-
low-up. However, the between-group
differences did not reach the clinical
significance threshold. Clinicians should
consider that the low-load resistance
training protocol implemented in this
study for the wrist extensors deviated
from BFR best practice guidelines in
terms of load volume.
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APPENDIX

DESCRIPTION OF THE INTERVENTIONS PROVIDED IN PATIENTS
WITH LATERAL ELBOW TENDINOPATHY

The management of all patients with lateral elbow tendinopathy (LET) included the following:
(@) massage,

(b) advice and education,

(c) supervised exercises, and

(d) a home exercise program by providing an exercise instruction booklet.

A. Massage

A course of massage was applied on the soft tissues of the elbow around the lateral epicondyle and the wrist extensors for 7-8 minutes. Deep pressure and mobilization techniques of
the soft tissue were provided with a pain monitoring approach (acceptable pain <2 out of 10).

B. Advice and education
Education:
- Pain and disability are not related to changes in the tendons (imaging), which means that improvement will be seen regardless of whether the tendon structure changes or not in
imaging.
- The main goal of the therapeutic program is to increase the endurance of the muscles around the elbow and wrist and, subsequently, to improve their ability to do repetitive
tasks without pain and to sustain higher load.
- Inorder to achieve this goal, they should follow the exercises provided, which contain stretching and strengthening of the muscles attached to the tendon and other muscles as
well as tendons of the upper limb, which will help and promote the healing process.
- The main aim of the process is to improve function and return to daily activities, sports, and other recreational activities.
- The therapeutic approach should last at least 6-12 weeks, while it might be necessary to continue the exercises for a longer time after the completion of the treatment plan to
maintain health of their elbow.
Advice:
- Pain should be avoided during activities, positions, or exercises.
- It would be better to carry objects with the palm up and close to the body (elbow flexed).
- Decrease manual work/activities/sports during the therapeutic program.
- Do not fully unload the tendon.
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APPENDIX (CONTINUED)

C. Supervised exercises
Determining 1 repetition maximum (RM) for elbow flexors and extensors

=
/

After warming up, the load was set at 80% of the predicted 1 RM. Following each successful repetition, the load was increased from 0.5-1 kg until the patients failed to execute the
exercise through the entire range of motion, used improper form to complete the repetition, needed assistance, and reported pain. We have allowed 2-3 minutes of rest between each
attempt to ensure recovery.!

BFR application

Each session started with determining arterial occlusion pressure in the standard
anatomical position.? Participants rested in the standing position for 3-5 minutes before
measurement to ensure restoration of blood flow circulation, and a cuff was placed in the
most proximal part of their painful upper-limb. BFR application was conducted by using
an automatic personalized tourniquet system (Mad-Up Pro, France).

814 | DECEMBER 2022 | VOLUME 52 | NUMBER 12 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Journal of Orthopaedic & Sports Physical Therapy®

Downloaded from www.jospt.org at Univ of Philippines Manila on June 13, 2023. For personal use only. No other uses without permission.

Copyright © 2022 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

APPENDIX (CONTINUED)

Supervised low-load resistance training (LLRT) with blood flow restriction (BFR) program (biweekly for 6 weeks)

Ist Stage

For LLRT-BFR, 40%-50% of arterial occlusion pressure with intermittent application was used.

For sham LLRT-BFR, a <20% of arterial occlusion pressure with the cuff minimally inflated to the point that were comfortably positioned on the proximal site of the limb (with enough
room for 2 fingers between the cuff and the skin).?

"3

Elbow Flexion (concentric-eccentric), 30% of 1 RM using dumbbells, 4 sets Elbow Extension (concentric-eccentric), 30% of 1 RM using dumbbells,
(30-15-15-15 repetitions). 4 sets (30-15-15-15 repetitions).
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APPENDIX (CONTINUED)

Wrist flexion (concentric-eccentric), 3 sets of 10 repetitions, minimum Wrist extension (concentric-eccentric), 3 sets of 10 repetitions, minimum

free weight using a pain-monitoring approach (acceptable pain during the free weight using a pain-monitoring approach (acceptable pain during the
exercise: <2 out of 10). exercise: <2 out of 10).

Wrist supination-pronation (concentric-eccentric), 3 sets of 10 repetitions,
minimum free weight using a pain-monitoring approach (acceptable pain
during the exercise: <2 out of 10).

816 | DECEMBER 2022 | VOLUME 52 | NUMBER 12 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at Univ of Philippines Manila on June 13, 2023. For personal use only. No other uses without permission.

Copyright © 2022 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

APPENDIX (CONTINUED)

Static stretching exercises of wrist extensors (3 times x 30 seconds). Static stretching exercises of wrist flexors (3 times x 30 seconds).
Pace: 2-second concentric and 2-second eccentric phases using a metronome.

Break between sets: 30 seconds.

Break between exercises: 1-minute (the cuff was deflated).

Progression: Load was increased weekly from 0.5-1 kg using a pain-monitoring approach (acceptable pain during the exercise: <2 out of 10)
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APPENDIX (CONTINUED)

2nd Stage
(After at least 2 weeks of training and if patients did not report pain with 1 stage exercises)

All 1st-stage exercises with wrist flexion, extension, and supination exercises performed with a fully straightened elbow and the arm lifted so that it is no longer supported.
Additional exercises:

|

Wall push-ups, 3 sets of 10 repetitions, (concentric-eccentric), using a Wrist extension-flexion using a rubber bar, 3 sets of 10 repetitions, using

pain-monitoring approach (acceptable pain during the exercise: <2 out a pain-monitoring approach (acceptable pain during the exercise: <2 out
of 10). of 10).
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APPENDIX (CONTINUED)

Hand grip using a soft ball, 3 sets of 10 repetitions using a pain-monitoring Standing row with a TheraBand, 3 sets of 10 repetitions using a pain-moni-
approach (acceptable pain during the exercise: <2 out of 10). toring approach (acceptable pain during the exercise: <2 out of 10).
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APPENDIX (CONTINUED)

D. Home exercise program

Guidelines:

Keep 30-second breaks between sets.

Keep a 1-minute break between different exercises.

Perform your exercises every second day.

Hold up and down for 2 counts during each repetition.

Use minimum free weight with acceptable pain during the exercise less than 2 out of 10.
If pain is more than 2 out of 10 during an exercise, then use less load or no load.

If pain persists after exercise, communicate with your physiotherapist.

:

B AL AL

VV VY YYVYYV

Elbow Flexion Elbow Extension
Stand up straight. Hold a hand weight next to your body with your elbow in contact with Stand up straight. Hold a hand weight over your head. Straighten your elbow and lift
your ribs. Bend your elbow and lift the weight up to your shoulder. the weight up until the elbow is fully extended. Do not move your shoulder during elbow
4 sets (30-15-15-15 repetitions). extension.
Load............. kg 4 sets (30-15-15-15 repetitions).

Wrist flexion Wrist extension
Support your forearm on a table with the flexed elbow in 90°. Your palm should face up. Support your forearm on a table with the flexed elbow in 90°. Your palm should face
Bend your wrist up as far as you can reach. down.
3 sets x 10 repetitions. Bend your wrist up as far as you can reach.
Load............. kg 3 sets x 10 repetitions.
Progression: straighten your elbow and lift your arm so that it is no longer supported. Load............. kg

Progression: straighten your elbow and lift your arm so that it is no longer supported.
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A\

Wrist supination-pronation
Support your forearm on a table with the flexed elbow in 90°. Your palm should face
down. Slowly turn the palm facing up and then return back to the starting position.
3 sets x 10 repetitions

Progression: straighten your elbow and lift your arm so that it is no longer supported.

AR

Wall push-ups
Position your arms on a wall. Bend your elbows so you can nearly touch your nose to the
wall, and then straighten your elbows.
3 sets x 10 repetitions.
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Rowing exercise with TheraBand
Stand holding the band with your elbows bent parallel to your body. Pull your elbows back
and return to the starting position.
3 sets x 10 repetitions.

N

Hand grip with a soft ball
3 sets x 10 repetitions.
Start with elbow flexed and progress by straightening your elbow.

Wrist flexion-extension with a towel
Wring a towel and twist downward-upward.
3 sets x 10 repetitions.
Start with elbows flexed and progress by straightening your elbows.
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APPENDIX (CONTINUED)

=

Ly

Wrist flexors stretching Wrist extensors stretching
Straighten your affected elbow with your palm facing up. Using the unaffected arm, bend Straighten your affected elbow with your palm facing down. Using the unaffected arm
backward your wrist gently. bend forward your wrist gently.
3 repetitions x 30 seconds. 3 repetitions x 30 seconds.
This should be performed at the end of the exercise program. This should be performed at the end of the exercise program

1 Abe T Kearns CF, Sato Y. Muscle size and strength are increased following walk training with restricted venous blood flow from the leg muscle, Kaatsu-walk training. J Appl Physiol.
2006;100:1460-1466. https://doi.org/10.1152/japplphysiol.012672005

2 Karanasios S, Koutri C, Moutzouri M, Xergia SA, Sakellari V, Gioftsos G. The effect of body position and the reliability of upper limb arterial occlusion pressure using a handheld Doppler
ultrasound for blood flow restriction training. Sports Health. 2021;14(5). https://doi.org/10.1177/19417381211043877

3 Giles L, Webster KE, McClelland J, Cook JL. Quadriceps strengthening with and without blood flow restriction in the treatment of patellofemoral pain: a double-blind randomised trial.
Br J Sports Med. 2017;51:1688-1694. https://doi.org/10.1136/bjsports-2016-096329
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APPENDIX TABLE 1

MAIN EFFECTS AND INTERACTION, AND COVARIATE SIGNIFICANT EFFECTS (P VALUES)®

Outcome Intervention Time Intervention x Time Covariates®

Pain intensity (0-10) 0.183 <0.001 0.014 0.045 (symptoms duration)
PRTEE score 0.014 <0.001 <0.001 0.007 (symptoms duration)
PFGS ratio 0.11 <0.001 <0.001 0.003 (symptoms duration)
Elbow flexors ratio 0.03 09 0.073 0.025 (symptoms duration)
(affected/unaffected side)

Elbow extensors ratio 07 0.65 013 >0.05 (all)
(affected/unaffected side)

Tendon thickness capitellar (mm) 0.105 <0.001 0.522 >0.05 (all)

Tendon thickness 0.108 <0.001 0.212 >0.05 (all)

radio-capitellar (mm)

Abbreviations: PRTEE, patient-rated tennis elbow evaluation; PFGS, pain-free grip strength.
“Bold indicates statistical significance; results were analyzed using an intention-to-treat analysis.
bSignificant covariate effects.
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APPENDIX TABLE 2

SECONDARY OUTCOMES AT EACH DATA COLLECTION TIME POINT

LLRT-BFR Group® LLRT-With-Sham-BFR Group® Between-Group Differences® P Value
Elbow flexors ratio (Affected/ 0.073¢
unaffected side)
Baseline 097 +0.17 (090 to 1.05) 093 +0.23(0.85to 1.05) - >
6th week 109+0.17 (102 to L17) 0.89+0.17 (0.81t0 097) 02+0.05(0.08t00.31)d =12 0.001¢
12th week 107 +0.11 (10510 1.15) 092 +0.17 (0.84t0 1.0) 015+0.05(0.04t0 0.27)d =09 0.009¢
Change from baseline to 6 weeks -0.11+0.05(-0.23t0 -0.006),d=0.55  0.03+0.05(-0.07 to 0.15),d = 0.23
Change from 6 to 12 weeks -0.01(-0.09t0 0.13),d = 0.05 -0.02+0.05(-0.14t0 0.8),d = 0.08
Change from baseline to 12 weeks -0.09 (-0.21t0 0.01), d = 0.45 01+0.05(-01t00.12),d =076
Elbow extensors ratio (Affected/ 0.137¢
unaffected side)
Baseline 092 +0.24 (0.82 t0 1.03) 097 +0.25 (0.86 t0 1.08)
6th week 1.08+0.23 (098 t0 119) 098+0.24 (0.87 to 1.09) 01+0.07 (-0.05t0 0.26),d = 0.43 0.205¢
12th week 102+0.23(091t0 1.12) 1.01+0.24 (0.89 to 1.11) 0.02+0.08 (-0.14 t0 0.18),d = 0.08 0.797¢
Change from baseline to 6 weeks -0.16+0.06 (-028t0-0.04),d=084  -0.01+0.06 (-0.13t0 0.11), d = 0.03
Change from 6 to 12 weeks 0.06 £0.05(-0.05t0 0.18),d = 0.31 0.01+0.06 (-014t00.1),d =0.01
Change from baseline to 12 weeks 0.09+0.05(-0.21t0 0.02), d = 0.47 -0.02 +0.06 (-015t0 0.09), d = 0.07 -
Tendon thickness capitellar (mm) 0.522¢
Baseline 575+1.23 (5.22 10 6.28) 6.2+1.22 (567 t06.73) - -
6th week 528 +12 (47410 5.81) 6.0+117 (546 t0 6.53) -0.72+0.37 (147 t0 0.03), d = 0.69 0.06¢
12th week 518+12 (4.64t05.71) 582 +118(5.21t0 6.28) -0.56+0.37 (-1.32t0 0.18),d = 0.54 0.138¢
Change from baseline to 6 weeks 0.47 +0.2 (0.05t0 0.88),d = 0.36 0.2+0.2(-0.21t0 0.61),d = 0.16 -
Change from 6 to 12 weeks 01£02(-0.3t00.5),d=0.09 025+0.2(-0.16t0 0.67),d=0.2
Change from baseline to 12 weeks 0.57+0.2 (016 t0 098),d = 0.44 0.45+0.2 (0.04t0 0.87),d=0.37 -
Tendon thickness 0.212°
radio-capitellar (mm)
Baseline 568+ 0.83 (5.32 10 6.04) 586+ 0.8 (5.5t06.2) - -
6th week 512 £0.82 (4.82to 5.55) 568+ 0.75 (5.31t0 6) -0.49+0.26 (-1.01t0 0.02), d = 0.57 0.06¢
12th week 504 +0.82 (4.67 to 5.4) 549 +0.81 (5.13t0 5.87) -0.46+0.25 (-098 t0 0.05),d = 0.53 0.079¢

Change from baseline to 6 weeks
Change from 6 to 12 weeks
Change from baseline to 12 weeks

0,49+ 016 (01510 0.83),d = 055
0142016 (-019t00.48),d =015
064+ 016 (0.30t0 098), d = 072

0.17+016 (016t 052), d = 0.2
0184016 (-016t00.52), d = 0.21
0.36+017 (001t0 070), d = 0.42

Abbreviations: BFR, blood flow restriction; LLRT-BFR, low-load resistance training with blood flow restriction.
Walues are means and 95% confidence intervals.
YValues in parenthesis are 95% confidence intervals.

Intervention X time.

dAdjustments were performed for post hoc multiple comparisons (Bonferronz).

824 | DECEMBER 2022 | VOLUME 52 | NUMBER 12 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY




APPENDIX TABLE 3

PRIMARY OUTCOMES AT EACH DATA COLLECTION TIME POINT IN AN INTENTION-TO-TREAT
SENSITIVITY ANALYSIS
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LLRT-BFR Group® LLRT-With-Sham-BFR Group? Between-Group Differences Odds Ratio® P Value
Pain intensity (0-10) 0.047¢
Baseline 722 (6.18 t0 8.26) 6.77 (57410 7.8) - -
6th week 352 (25310 4.61) 477 (373t05.81) -1.2(-2.7100.30),d = 0.54 0.124¢
12th week 194 (0910 298) 368 (26104.72) -174(-327t0-0.2),d =079 0.026¢
Baseline-6 weeks 364 (215t05.14),d =156 2.0 (051t03.49),d =091
6-12 weeks 1.62 (013t0 3.11),d = 0.69 109 (24t0-04),d =005
Baseline-12 weeks 5.27 (37810 6.78),d = 2.26 3.36 (191t0 4.81),d = 1.61
PRTEE score <0.001¢
Baseline 3908 (329t045.2) 3705 (30.89 t0 43.22)
6th week 13.25 (708 t0 19.41) 26.22 (20.06 to 32.29) -1297 (-22.11t0 -2.84),d = 095 0.006¢
12th week 6.27 (0.1t012.43) 2174 (15.58 to 2791) -15.47 (-24.61t0 -6.33),d =114 <0.001¢
Baseline-6 weeks 25.83 (17910 33.76),d = 1.84 10.83(29t01876),d=0.83
6-12 weeks 6.97 (-095t014.9), d = 0.49 448 (-3.454t012.4)d=0.34
Baseline-12 weeks 32.8(24.8t040.73),d=2.33 15.31(738t023.24),d =117 -
PFGS® <0.001¢
Baseline 070 (0.60 to 0.80) 0.76 (0.66 to 0.86) ° =
6th week 093 (0.83t0 1.03) 073 (06310 0.83) 020 (0.05t0 0.34),d = 0.83 0.01¢
12th week 091 (0.81to0 1.01) 0.82 (07210 092) 0.09 (-0.05t0 0.24)d = 0.37 0.21¢
Baseline-6 weeks -0.22 (-0.32t0 -0.12),d = 091 0.02 (-0.07 t0 012),d = 0.08
6-12 weeks 0.02 (-0.08 to 0.11), d = 0.08 -0.08(-018t0 0.01)d=0.3

Baseline-12 weeks

02 (-0.3t0-0.1),d=0.83

-0.05(-015t00.04),d=0.2

Abbreviations: BFR, blood flow restriction; LLRT-BFR; low-load resistance training with blood flow restriction; PRTEE, patient-rated tennis elbow evalua-
tion; PFGS, pain free grip strength.

Walues are means and 95% confidence intervals.
YValue expressed as a ratio to the unaffected side.
“Values in parenthesis are 95% confidence intervals.

dIntervention x time.

Adjustments were performed for post hoc multiple comparisons (Bonferront).
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