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ABSTRACT

Patellar tendinopathy (PT) is a debilitating overuse injury, and one of the current recommended treatments is heavy slow re-
sistance training (HSRT); Recently, low-load resistance training combined with blood flow restriction (LL-BFRT) has been
advocated as a clinically relevant rehabilitation tool for PT since it does not involve large joint and tissue stresses and may
accelerate recovery. This study aimed to investigate the effect of LL-BFRT compared with HSRT at 3, 6, 12 (primary endpoint),
and 52weeks. Participants with chronic unilateral PT were randomized to a 12-week rehabilitation program based on either
LL-BFRT (n=16) or HSRT (n=20). The primary outcome was pain (numerical rating scale (NRS) 0-10) during a single-leg
decline squat (SLDS). Secondary outcome variables included the Victorian Institute of Sports Assessment-Patella questionnaire
(VISA-P), maximal isometric knee extensor strength, patellar tendon morphology assessed by ultrasonography (swelling, vascu-
larization), and magnetic resonance imaging (MRI). Comparable clinically relevant improvements in pain (NRS during SLDS,
least squares mean +SEM) were observed in LL-BFRT (LL-BFRT: Oweeks 3.9+0.5, 12weeks 2.2+0.5, 52weeks 1.8 +0.5) and
HSRT (Oweeks 4.2+0.4, 12weeks 2.2+0.4, 52weeks 1.1+0.5) (p<0.0001). Likewise, clinically relevant improvements were
reported on the VISA-P score. LL-BFRT and HSRT resulted in comparable short-term and long-term clinical improvements in
males with chronic PT. These data advocate that LL-BFRT represents an effective rehabilitation tool in the treatment of chronic
PT, while preventing high joint and tendon loads.

Trial Registration: Clinicaltrials.org (NCT04550013)
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1 | Introduction

Patellar tendinopathy (PT) is a prevalent overuse injury affect-
ing both non-athletes and athletes [1-3], especially in explosive
sports such as basketball and volleyball [3]. PT is characterized
by pain at the apex of the patella during physical activity and pal-
pation together with increased tendon thickness and neovascu-
larization visualized by ultrasonography (US) [4, 5]. Symptoms
and reduced physical performance can be protracted; many ath-
letes may not return to previous activity levels, with some even
ending their sports career [6, 7].

Loading-based rehabilitation is the recommended first-line
management [4, 8]. In this concept, heavy slow resistance train-
ing (HSRT) has emerged as an effective treatment approach for
chronic tendinopathy when evaluated on clinical, structural,
and biomechanical outcomes [9-12]. However, not all individ-
uals can tolerate HSRT due to excessive pain when exposed
to high (80% of 1 repetition maximum (RM)) exercise loads
[4, 9, 11]. In contrast, resistance training using low-load muscle
contractions (30% of 1-RM) performed under partial blood flow
restriction training (LL-BFRT) does not involve the high joint
and tissue stresses associated with HSRT [13], yet yields similar
strength gains and similar muscle and tendon hypertrophy to
that observed with HSRT [14, 15]. Consequently, LL-BFRT may
represent a clinically relevant rehabilitation approach.

The possible mechanism(s) for LL-BFRT remain elusive, but it
has been hypothesized that an ischemic and hypoxic milieu is
generated, which induces high levels of metabolic stress [13, 16]
that may increase circulating lactate levels [17, 18], hormone,
immune, and oxidative stress responses [19] of a magnitude
comparable to HSRT. Notably for connective tissue, increased
lactate and growth hormone (GH) levels may lead to upregu-
lated collagen synthesis [20]. Transient states of hypoxia have
also been reported to increase collagen cross-linking and en-
hance the mechanical properties of collagen-rich tissues [21, 22].

A recent pilot study using LL-BFRT in patients with chronic unilat-
eral PT indicated clinical improvements (50% reduced pain during
decline single squat and > 30% reduced resting vascular perfusion)
after 3weeks of intervention [23], corresponding to the clinical re-
sponse usually seen after 12weeks of HSRT [9, 11, 12]. However,
it remains unknown if these improvements with LL-BFRT in per-
sons with tendinopathy are similar or even greater in magnitude
compared to those achieved by HSRT. Therefore, the present study
aimed to investigate the effects of LL-BFRT compared to HSRT
in the short-term (3- and 6-week), mid-term (12-week; primary
endpoint), and long-term (52-week) phases of recovery. Based on
preliminary data indicating a substantial effect [23], it was hypoth-
esized that LL-BFRT would lead to more favorable clinical (pri-
mary outcome; numerical rating scale (NRS) during a single-leg
decline squat (SLDS) test) and structural outcomes than HSRT in
the treatment of unilateral chronic PT.

2 | Methods

This study was designed as an assessor-blinded, prospective,
randomized controlled clinical superiority trial with parallel
groups. The study was conducted at Copenhagen University

Hospital—Bispebjerg and Frederiksberg in Copenhagen,
Denmark. Ethical approval was obtained from the Scientific
Ethics Committees for the Capitol Region of Denmark (No. H-
19039320) and the Danish Data Protection Agency (P-2019-551).
Study data were collected and managed using REDCap elec-
tronic data capture tools [24]. All participants provided writ-
ten informed consent prior to inclusion in the study. This
study followed the Consolidated Standards of Reporting
Trials (CONSORT) statement [25] and adhered to the WMA
Declaration of Helsinki.

2.1 | Participants

For this study, the inclusion criteria were: Male participants be-
tween 18 and 70years of age with chronic proximal unilateral
PT (symptom duration >3 months) and with patellar tendon
pain of >4 on the NRS (0 being no pain and 10 being the worst
imaginable pain) during preferred physical or sporting activity.
Moreover, participants should also report tenderness to palpa-
tion corresponding to the painful area. Lastly, the clinical con-
dition was confirmed by US with increased tendon thickness at
the apex patella (>1mm compared to mid-tendon) and Power
Doppler (PD) activity and/or visible hypoechoic areas. Exclusion
criteria were: Female, bilateral chronic PT, smoking, any car-
diovascular disease, diabetes, previous surgery or trauma to the
knee joint with an effect on the presenting clinical condition, un-
dergoing a resistance training-based rehabilitation program for
the affected patellar tendon within the previous 3 months, and
corticosteroid injections within the preceding year. Participants
were recruited from the outpatient clinic of the Institute of
Sports Medicine Copenhagen (ISMC) and via social media.

Sample size calculation was performed based on previous re-
ports [9] using the NRS score during the SLDS test. A priori
analysis revealed that each sub-group should contain 16 par-
ticipants to detect a minimally clinically important difference
(MCID) of more than 2 points [26] on the NRS during the SLDS
test between the intervention groups at 12weeks (a=0.05,
£=0.2, ul1=4.2, u2=2.2, c=2). Consequently, 36 participants
were included to account for an expected 10% dropout rate.

2.2 | Randomization

Participants underwent a telephone screening and, if deemed
eligible, underwent a pre-examination performed by an expe-
rienced physician to verify inclusion criteria. Baseline testing
was performed prior to randomization. A block-randomization
sequence was computer-generated and implemented in REDCap
using a 1:1 allocation ratio, with participants stratified accord-
ing to symptom duration (< 12months or >12months) and age
(<35years or >35years).

2.3 | Blinding

The investigator performing all outcome assessments was
blinded to treatment allocation. Data analysis was performed in
accordance with the statistical analysis plan (SAP) which was
published prior to analyzing and unblinding the data.
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2.4 | Lower Limb Strength and Arterial Occlusion
Pressure

Lower limb muscle strength was measured by 5-RM testing
while individual arterial occlusion pressure (AOP) was assessed
by experienced physical therapists. The 5-RM tests were per-
formed at baseline and at the start of week 4, 7, and 10 to adjust
training load and secure progression. The 5-RM tests began with
the leg press exercise and were followed by the knee extension
exercise. The tests were performed at a controlled tempo (1-2s
in the concentric and eccentric phases). During 5-RM testing,
participants were allowed a maximum of four attempts with an
inter-test rest period of 3min in order to avoid exhaustion and
accumulated muscle fatigue.

Individual AOP was obtained for all participants prior to the
first training session. In brief, a pneumatic cuff was placed most
proximally on the symptomatic limb, and AOP was determined
using a portable Hitachi Aloka Noblus ultrasound machine
(Hitachi Medical systems, Japan). Participants were seated with
90° flexion in their hips and knees. After a 10-min seated rest
period, the popliteal artery was located in the popliteal fossa,
and the pneumatic cuff was inflated to 120mmHg. The pneu-
matic cuff was then incrementally inflated until the pulse from
the popliteal artery was no longer visually present. The recorded
pressure was used to calculate each participant's relative AOP.
The target cuff pressure during exercise was set to 50% of rela-
tive AOP in week 1, 60% AOP in weeks 2-3, 70% AOP in weeks
4-8, and 80% AOP in weeks 9-12.

2.5 | Intervention Procedures

Prior to all training sessions, participants performed a 5-min
warm-up on a stationary bike ergometer at a self-chosen light-
to-moderate intensity. Both groups performed unilateral leg
press and knee extension for only the symptomatic leg, and the
total training volume was approximately similar for the two
groups. The participants completed three weekly training ses-
sions throughout the intervention period (total training weeks:
12), with at least 48h of recovery between successive training
sessions. A trained physiotherapist supervised one training ses-
sion per week.

For the LL-BFRT group, a pneumatic cuff (Heine Gamma, G7,
G5, GP, width 20cm) inflated by hand and with no autoregula-
tion was positioned most proximally at the symptomatic limb.
For each exercise, participants completed an initial set consist-
ing of 30 repetitions followed by 3 sets of 15 repetitions at an
external training load of 30% 1-RM [27].

For the HSRT group, the treatment consisted of HSRT according
to previously published protocols [9, 11]. The participants were
instructed to perform each exercise in a slow, controlled manner
with a 3-s eccentric phase and a 3-s concentric phase. Pauses
between sets were 2min with a 3-min rest period between exer-
cises. A detailed overview of the training protocols is shown in
Table 1 and in Appendix S1.

TABLE 1 | Training progression for HSRT group and LL-BFRT
throughout the intervention period (Weeks 1-12).

Weeks 1 2 3 4 5 6-8 9-12
HSRT

Number of 4 4 4 4 4 4 4
sets

Total 60 48 48 40 40 32 24
repetitions

% of 1-RM 55 65 65 70 70 75 80

LL-BFRT
Number of 4 4 4 4 4 4 4
sets
Total 75 75 75 75 75 75 75
repetitions

% of 1-RM 30 30 30 30 30 30 30
% AOP 50 60 60 70 70 70 80

Note: Total repetitions include all repetitions performed across all sets. LL-BFRT
performed 30, 15, 15, 15 repetitions across 4 sets. Repetitions for the HSRT group
were evenly distributed across 4 sets.

Abbreviations: AOP, artery occlusion pressure; HSRT, heavy slow resistance
training; LL-BFRT, low load blood flow restriction training; RM, repetition
maximum.

2.6 | Load and Pain Management

Pain during exercises was accepted but should not exceed 5
points on the 0-10 NRS during training sessions or following
the cessation of the exercise bouts; otherwise, training loads
were reduced. Participants were allowed to perform sporting ac-
tivities throughout the 12-week intervention period, while pain
should not exceed 3 NRS points [11, 28].

2.7 | Training Registration

After each session, participants received an individual web link
to access their electronic training diaries in REDCap, where
they were instructed to register completed sets, repetitions, and
loads for the two exercises.

2.8 | Primary Outcome

The primary outcome was NRS during the SLDS test, which is
a recommended and reliable pain provocation test for patients
with PT [29, 30]. The participants performed the SLDS test on a
25° decline board without any warm-up to avoid acute exercise-
induced hypoalgesia. The participants first performed two tri-
als on the asymptomatic limb, followed by two attempts on the
symptomatic limb. The participants reported pain in the patellar
tendon using the NRS (0 no pain, 10 worst imaginable pain/in-
ability to perform the task).
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2.9 | Clinical and Mechanical Outcomes

VISA-P was used as a patient-reported outcome measure ques-
tionnaire to report symptoms, function, and the ability to par-
ticipate in sports [31]. The VISA-P score denotes 100 as having
no pain or symptoms during function or physical activity. The
VISA-P was administered with a brief explanation of the ques-
tionnaire but completed without assistance at all time points.

Maximal isometric knee extensor muscle strength (iMVC) was
assessed in a custom-made setup recording force using a wireless
transmitter (8-channel TeleMyo 2400TG2 Telemetry System), and
MyoResearch XP Master Edition software Version 1.07 (Noraxon).
The method has previously been described [11]. A total of four
iMVCs, each of 5s duration, were performed, interspaced by 2-
min rest periods between trials. The length of the tibia was used to
calculate the maximal knee extensor peak torque.

Physical activity was measured at baseline and at 12 and 52weeks
follow-up and included all weekly hours of self-reported physical
activity. Maximal knee tendon pain during or following physical
activity within the last 14days was recorded using the visual an-
alog scale (0 denoting no pain and 100 worst imaginable pain) at
all timepoints. Participants evaluated their satisfaction with their
symptoms using a 5-point global rating of change (GROC) scale
(much worse—much improved) at 12 and 52weeks follow-up.
Adverse events were monitored at all timepoints.

2.10 | Ultrasonography

Baseline US data has previously been published [5]. US was used
to assess tendon thickness, echogenicity, and PD activity. The
US procedures and settings were identical to previous protocols
[5, 11]. Participants were asked to avoid strenuous physical ac-
tivity 24h prior to scanning. US imaging was obtained using
a HI VISION Ascendus ultrasound machine (Hitachi Medical
Systems). The B-mode assessments of tendon thickness and hy-
poechoic were performed with the participants seated, hip and
knee joints flexed at 90° and maintaining an upright posture.
Recordings were obtained using an 8 cm long linear transducer
(EUP-L53L, Hitachi Medical Systems). Two images were cap-
tured on both the symptomatic and asymptomatic tendon. The
PD examination was performed using a 4cm long linear trans-
ducer (EUP-L75, Hitachi Medical Systems). Participants were
placed supine with relaxed and extended knee. At the location
with the visually most PD, several 4-s Sine loops (raw AVT files
containing 16 frames) were recorded.

All recorded sequences were exported to Fiji ImageJ (Version 1.53;
National Institutes of Health), and the analysis was performed em-
ploying a custom-made macro to analyze tendon structure and PD
activity. Only PD activity within the patellar tendon was included,
and any visual noise was subjectively removed [5].

2.11 | Magnetic Resonance Imaging

Quadriceps muscle cross-sectional area (CSA), patellar tendon
volume, and tendon fat fraction were assessed by magnetic

resonance imaging (MRI) scanner (Phillips Ingenia Ambition
1.5 T scanner, software version 5.6.1.2, Eindhoven, The
Netherlands) at baseline and 12weeks. In brief, participants
were placed in a supine position, with their legs strapped to-
gether at the feet, and their feet placed against a plastic footplate.
A coronal isotropic 3D T1-weighted sequence was performed
starting at the tibial tuberosity and extending as proximally as
possible to capture the quadriceps muscle.

Horos v.3.3.6 open-source software was used to assess quadriceps
muscle CSA, and ITK-SNAP (v4.0.1, Cognitica, Philadelphia, PA,
USA) open-source software was used to assess patellar tendon
volume. Quadriceps muscle CSA was measured 200 mm proxi-
mally to the tibial plateau and included all muscles in the exten-
sor compartment. The images were measured in greyscale and
to enhance the accuracy of the measurements, the NIH color
scheme was used in combination. Patellar tendon volume was
measured from the most proximal part of the free patellar tendon
to the most distally free patellar tendon. To semi-automatically
3D segment the patellar tendon, the Region Competition Snake
segmentation feature was used. Briefly, seed regions were placed
within the patellar tendon and auto-filled by the software.
Following the software-generated segmentation, any overflow
was manually removed to ensure that only the free patellar ten-
don was included.

Lastly, fat fraction in the patellar tendon was assessed using
an axial 6-point Dixon sequence. Fiji ImageJ (Version 1.53;
National Institutes of Health) was used for fat-fraction analysis
by combining the segmented volume in the 3D sequence with
the Dixon sequence to extract the mean fat-fraction within the
tendon volume [32].

Detailed descriptions for all outcome measures are provided in
Appendix S2.

2.12 | Statistical Analysis

The SAP was registered at clinicaltrials.gov prior to any analy-
sis and unblinding of data. Statistical analyses were performed
in SAS (version 7.15, SAS Institute Inc., Cary, NC, USA), while
graphs were made in GraphPad PRISM (version 9.5.1, GraphPad
Software, San Diego, California, USA). Results are reported as
least squares means and standard error of measurement (SEM)
unless otherwise stated. Significance level was set to a=0.05.
Quantile-quantile (Q-Q) plots were used to evaluate normal dis-
tribution of data. The principle of intention-to-treat was used for
the main statistical analysis while a supplementary per-protocol
analysis was performed on participants completing >75% of all
training sessions. A linear mixed effects model was employed on
all statistical analyses for between-group differences and change
scores, with the random effects being participants and fixed ef-
fects being time and group allocation. Missing data was handled
by the statistical model. Results were analyzed at baseline, 3, 6, 12,
and 52weeks. Mann-Whitney U test was used to analyze GROC
scores for improvement between groups. Correlations between
clinical changes (SLDS and VISA-P) and structural changes (pa-
tellar tendon volume, proximal tendon thickness, and PD activity)
were performed using the Pearson correlation.
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[ Enrollment ]

Telephone screening (n= 263)

Excluded (n= 188)
— Not meeting inclusion criteria (n= 164)

— Declined to participate (n=24)
— Other reasons (n=0)

Assessed for eligibility (n=75)

Excluded (n=39)

— Not meeting inclusion criteria (n= 39)
— Declined to participate (n= 0)
— Other reasons (n=0)

Randomized (n=36)

Allocation W

Allocated to Low-load blood flow restriction training (n= 16)
— Received allocated intervention (n= 16)

— Did not receive allocated intervention (give reasons) (n= 0)
— MRI not performed due to missing ethical approval (n= 1)

Allocated to Heavy-slow resistance training (n= 20)
— Received allocated intervention (n= 20)
— Did not receive allocated intervention (give reasons) (n= 0)

| |

3-weeks Follow-Up

] !
J

Lost to follow-up (give reasons) (n= 0)
— Discontinued intervention (give reasons) (n= 0)

Lost to follow-up (give reasons) (n=0)
— Discontinued intervention (give reasons) (n= 0)

6-weeks Follow-Up

| '

J

Lost to follow-up (give reasons) (n= 0)
— Discontinued intervention (give reasons) (n= 0)

Lost to follow-up (give reasons) (n= 0)
— Discontinued intervention (drop-out with no reason provided)
(n=1)

12-weeks Follow-Up

| |

Lost to follow-up (give reasons) (n= 0)
— Discontinued intervention (give reasons) (n= 0)
— Missing MRI scan due to corona (n=1)

Lost to follow-up (give reasons) (n= 0)
— Discontinued intervention (give reasons) (n= 0)

52-weeks Follow-Up

) ,
J

Lost to follow-up (did not respond) (n= 1)
— Discontinued intervention (give reasons) (n= 0)

Lost to follow-up (did not respond) (n= 2)

— Discontinued intervention (n= 0)

— Did not perform SLDS test and PPT (sustained injury during
skiing) (n=1)

—

Analyses

] ,

J

Analysed according to intention-to-treat (n=16)

Analysed according to per protocol (completed > 75% of total
sessions) (n=12)

Analysed according to intention-to-treat (n=20)

Analysed according to per protocol completed > 75% of total
sessions) (n=16)

FIGURE1 | Illustrating the flow of participants using the Consolidated Standards of Reporting Trials (CONSORT) flowchart.

3 | Results
3.1 | Participants
Thirty-six male participants were recruited between September

2020 and September 2022. The flow of participants is illus-
trated in Figure 1 and baseline demographic characteristics

are presented in Table 2. The participants performed various
types of sports/physical activity: football (n=9), running (n=>5),
volleyball/beach volley (n=4), handball (n=3), cross-fit and
strength training (n=3), padel (n=2), tennis (n=1), high jump
(n=1), dancing (n=1), swimming [1], cross-country skiing
(n=1), badminton (n=1), ice hockey (n=1), gymnastics (n=1),
cycling (n=1), and basketball (n=1).
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3.2 | Training Data and Physical Activity

Overall attendance rate was 77.3% +6.7% for the LL-BFRT
group compared to 81.3% +6.0% for the HSRT. 5-RM lower
limb strength (leg press, knee extension) increased signifi-
cantly from baseline to 10weeks with no between-group
difference and AOP decreased significantly from baseline
to 10weeks (Table 3). One participant from the LL-BFRT
group reported to be unsatisfied with the allocated interven-
tion protocol whereas all other participants reported to be
moderate-to-highly satisfied. For physical activity, there was
no interaction (p=0.97) or group effect (p =0.39) although a
significant time effect (p =0.004) was observed. Specifically,
there was a significant increase from baseline to 12weeks
(p=0.004) but not from baseline to 52 weeks (p =0.07) or from
12 to 52weeks (p =0.12).

TABLE 2 | Demographic characteristics.

LL-BFRT

(n=16) HSRT (n=20)
Age (years) 30.0£9.2 32.7+10.8
Height (cm) 184.6 £6.1 186.7+7.4
Weight (kg) 83.849.2 85.5+13.0
BMI 24624 24.5+34
Symptom duration 10.0 (1st 9.5 (1st quartile
(months)? quartile 5.0; 6.0; 3rd

3rd quartile quartile 18.0)
12.5)

Pain during physical 59+1.4 57+1.6
activity (NRS)
Physical activity 4.8+34 3.6x+3.5

(h/wk)

Note: Data are presented in means+SD unless stated otherwise.

Abbreviations: h/wk, hours per week; HSRT, heavy slow resistance training; LL-
BFRT, low-load blood flow restriction training; NRS, numeric rating scale.
aData are presented in median, 1st and 3rd quartile.

3.3 | Clinical Outcomes
3.3.1 | Primary Outcome

There was no significant interaction (p=0.70) or group effect
(p=0.84) but a significant time effect (p <0.0001) was observed
with a decrease in NRS scores during the SLDS test. The per-
protocol analysis demonstrated a similar effect.

3.3.2 | Secondary Outcomes

The VISA-P score did not demonstrate any significant interaction
(p=0.36) or group effect (p =0.94); however, a significant effect of
time (p <0.0001) was observed. The per-protocol analysis demon-
strated a similar effect. Results for the NRS during the SLDS test
and VISA-P are presented in Figure 2. Maximal knee extensor
strength (iMVC) demonstrated no interaction (p=0.50) or group
effect (p=0.97), whereas a significant effect of time (p=0.002)
was observed for the symptomatic leg. iMVC increased from
baseline to 12weeks (p =0.02) and 52weeks (p <0.001). For max-
imal tendon pain, no significant interaction (p=0.64) or group
effect (p=0.20) was demonstrated; however, a significant effect
of time (p<0.0001) was observed with a decrease in pain inten-
sity during or following physical activity. Maximal tendon pain
decreased from baseline to 12weeks (p<0.001) and 52weeks
(p<0.001). Patients' satisfaction with their symptom state at
12weeks (13/16 [81%] LL-BFRT; 15/19 [79%] HSRT) demon-
strated no significant between-group difference (p=0.54). One
participant in the HSRT group reported worsened symptoms
at 12weeks. Similarly, at 52weeks (10/14 [71%] LL-BFRT; 16/17
[79%] HSRT), no significant between-group difference was ob-
served (p=0.25).

3.4 | US and MRI Outcome Variables

For PD activity, a significant interaction groupXtime
(p=0.015) was observed. Specifically, the interaction was ob-
served at 3weeks, where PD activity significantly decreased
for HSRT (p=0.024) with no change for LL-BFRT (p=0.32).

TABLE 3 | Progression in 5-RM lower limb strength and arterial occlusion pressure.

LL-BFRT HSRT
Baseline Week 4 Week 7 Week 10 Baseline Week 4 Week 7 Week 10

5-RM

Leg press % NA 7.5+4.0 13.7+4.6 19.0+ 5.2+ NA 44+1.4 14.7+2.5 23.4+2.8

Knee NA 7.7+2.8 15.8+3.8 20.3£3.8 NA 8.6£3.6 18.7+£3.8 27.9+5.7

extension %
Total AOP

AOP mmHg 186.9+2.8 186.9+2.8 180.8+2.9 180.3+£2.9

Note: Data for 5-RM are presented in least squares mean SEM percent change from baseline. Data for total AOP is presented in absolute least squares mean +SEM.
Leg press: group X time (p =0.18), group (p=0.87), and time (p <0.0001). Knee extension: group X time (p=0.35), group (p=0.46), and time (p <0.0001). AOP: time
(p=0.034). Effect size (ES) for 5-RM leg press % between groups were: week 4=0.27, week 7=0.07, and week 10=0.26. ES for 5-RM knee extension % between groups

were: week 4=0.06, week 7=0.18, and week 10=0.35.

Abbreviations: AOP, artery occlusion pressure; HSRT, heavy slow resistance training; LL-BFRT, low-load blood flow restriction training; RM, repetition maximum.

mmHg, millimeter mercury.
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Further, there was a significant effect of time (p <0.001) with
a decrease in PD activity but no significant effect of group
(p=0.38). There was a significant decrease in PD activity from
baseline to 52weeks (p <0.001).

For the symptomatic proximal tendon thickness, no significant
interaction (p=0.16) or group effect (p=0.28) was observed.
However, there was a significant effect of time (p =0.01) where a
significant decrease was observed from 6 to 52 weeks (p =0.004)
and 12weeks to 52weeks (p=0.002). US data for the symptom-
atic patellar tendon are presented in Table 4.

There was no interaction (p=0.96) or group effect (p=0.52);
however, a significant effect of time (p=0.002) with an increase
in quadriceps muscle CSA for the symptomatic limb was ob-
served. For the asymptomatic limb, no interaction (p=0.24) or
group effect (p=0.15) was observed, whereas a significant time
effect (p =0.048) was found, demonstrating a decrease in quad-
riceps muscle CSA. In addition, patellar tendon volume and fat-
fraction did not show any significant interaction or effect of time
and group.

3.5 | Correlations Between Clinical and Structural
Outcome Variables

No significant correlations between any clinical and structural
outcome variables were observed. For the SLDS and the struc-
tural outcomes, the correlation coefficients ranged from —0.23
to 0.17, and for the VISA-P, the correlation coefficient ranged
from —0.14 to —0.03.

Detailed presentations of all results are available in
Appendix S3.

3.6 | Adverse Events

During the intervention period, one participant in the LL-BFRT
group reported a tingling sensation in the limb during training
for the first 2weeks; otherwise, no adverse events were reported
as a result of the intervention protocols. Unrelated to the inter-
vention, two participants sustained an acute knee injury during
handball and football practice, three participants developed

symptoms of PT on the asymptomatic leg (2 during the inter-
vention period and 1 at 52-week follow-up), and one participant
developed symptoms of biceps tendinopathy. One participant
sustained a fractured lower leg and soleus tear at 52-week fol-
low-up due to a skiing accident.

4 | Discussion

The present randomized clinical trial is the first to investigate
the rehabilitative effect of LL-BFRT compared to HSRT in ath-
letes with chronic PT. The main finding was that there were no
between-group differences in the clinical and structural out-
comes when comparing LL-BFRT to HSRT at 3, 6, 12 (primary
endpoint) and 52weeks. Both groups demonstrated statistically
significant and comparable clinical improvements for the SLDS
test and the VISA-P. Further, both groups demonstrated im-
provements in strength and PPT measured at the MPA and AP
but did not demonstrate any significant differences in structural
measurements of the patellar tendon. Collectively, the present
results demonstrate that 12weeks of LL-BFRT or HSRT lead to
similar improvements in symptoms and function in male ath-
letes with unilateral PT.

LL-BFRT and HSRT demonstrated clinically relevant improve-
ments in pain and function as both groups demonstrated im-
provements close to or above MCID for both the SLDS test and
VISA-P following 12weeks training. Interestingly, significant
improvement was also observed from 12 to 52weeks for both
groups, which corroborates prior data that also reported signif-
icant improvements at 52-week follow-up [11]. Notably, partici-
pants also demonstrated a similar level of symptom satisfaction.
These observations, together with patient satisfaction and that
LL-BFRT and HSRT have reported similar ratings of perceived
exertion and discomfort [33], support the notion that patient pref-
erence should guide the choice of training regimen in the reha-
bilitation of chronic PT [11].

LL-BFRT has previously been investigated in various clinical
populations, demonstrating significant clinical improvements
[13, 34]. In terms of tendinopathy research, only case studies
have been performed. One case series demonstrated a signifi-
cant decrease in SLDS pain and PD activity following a 3-week
intervention period [23]. A possible explanation for the similar
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TABLE 4 | Structural properties of the symptomatic patellar tendon.

LL-BFRT HSRT Mean difference
Mean + SEM 95% CI, p Mean + SEM 95% CI, p (95% CI)
Power doppler area, mm?
0 wks 34.0£6.5 21.2,46.8 41.3£5.8 29.8, 52.7 —7.3%£8.7;95% CI:
—24.4,9.9; p=0.41
3wks 359+6.5 23.1,48.7 36.0£5.8 24.6,47.5 —0.2£8.7;95% CI:
—17.4,17.0; p=0.99
6 wks 28.7£6.5 15.9,41.6 42.5+£5.8 31.1, 54.1 —13.8+8.7;95% CI:
-31.1,3.4; p=0.12
12wks 32.6%£6.5 19.8,45.4 42.2+5.8 30.7, 53.7 —-9.6+8.7;95% CI:
—26.8,7.6; p=0.27
52wks 16.5+£6.5 3.6,29.4 29.8+5.9 18.2,41.4 —13.3+8.8;95% CI:
-30.6,4.1;p=0.13
AO to 3wks 19+19 -1.9,5.6; p=0.32 —52%2.3 -9.8,-0.7,p=0.02 7.1+3.0;95% CI:
1.2,12.9; p=0.02
AO to 6wks —53+27 -10.7,0.1; p=0.05 1.2+2.0 -2.8,5.2; p=0.55 —6.5+3.4;95% CI:
-13.2,0.2; p=0.06
AO to 12wKks -1.4x+3.0 —7.4,4.5;p=0.63 0.8%+2.5 -4.2,5.9;p=0.75 —2.3+3.9;95% CI:
-10.0, 5.5; p=0.57
AO to 52wks —-17.5£3.5 —24.4, —10.6; —-11.5£3.6 -18.7, —4.2; p<0.01 —6.0£5.1;95% CI:
p<0.0001 -16.1,4.0; p=0.24
Proximal tendon thickness, mm
0wks 8.4+04 7.6,9.3 8.6+0.4 7.8,9.4 —0.2+0.6;95% CI:
-1.3,1.0; p=0.81
3wks 8.1+0.4 7.2,9.0 8.8+0.4 8.0,9.6 —0.7£0.6; 95% CI:
-1.9,0.5; p=0.22
6wks 8.3+£0.4 7.4,9.2 8.9+0.4 8.2,9.7 —-0.6x0.6; 95% CI:
-1.8,0.6; p=0.29
12wks 8.3x0.4 7.5,9.2 9.1£04 8.3,9.9 —0.8£0.6;95% CI:
-2.0,0.4;,p=0.20
52wks 7.9x+0.5 6.9, 8.7 8.6x0.4 7.8,9.4 —0.8+0.6;95% CI:
-2.0,0.4;,p=0.18
AO to 3wks —-0.3+0.2 -0.7,0.01; p=0.06 0.2+0.2 -0.2,0.7,p=0.24 —-0.6+0.3;95% CI:
—1.1, —=0.04; p=0.04
AO to 6wks —-0.1+£0.2 —0.6,0.3; p=0.60 0.4£0.2 -0.1,0.8; p=0.11 —0.5+0.3;95% CI:
-1.1,0.2; p=0.13
AO to 12wks —-0.1+£0.2 -0.4,0.2; p=0.52 0.5£0.2 0.2,0.9; p<0.01 —0.6+0.2;95% CI:
-1.1, -0.2; p<0.01
AO to 52wks —-0.7x£0.3 -1.2,-0.1; p=0.01 —-0.01£0.3 —0.5,0.5;p=0.97 —0.7+0.4;95% CI:

-1.4,-0.1; p=0.08

Note: The above table demonstrates the structural outcomes for intratendinous power Doppler activity and proximal tendon thickness at baseline (Oweeks), 3, 6, 12,
and 52weeks. Data are presented in least squares means = SEM. A mixed effect model was performed for all analyses with time and group as main factors.
Abbreviations: A, delta score; CI, confidence intervals; HSRT, heavy-slow resistance training; LL-BFRT, low-load blood flow restriction training; Wks, weeks.

clinical outcomes reported by Skovlund et al. [23] after 3weeks (9
sessions of LL-BFRT) and those in the present study could be that
the training volume was higher per session compared to those
in the present study, and the participants were not allowed to
perform sports/physical activity outside the study. Similarly, the

decrease in PD activity could also be due to the restriction of phys-
ical activity outside the study [35]. Further, a case report showed
a reduction in pain and improved tendon structure (thickness
and echogenicity) along with increases in maximal knee exten-
sor strength and VISA-P scores following an in-season 12-week
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LL-BFRT rehabilitation program involving two elite decathletes
[36]. This case report utilized a similar rehabilitation protocol
as the current study, which likely explains the similar clinical
improvements.

In the present study, HSRT participants demonstrated baseline
scores and training-induced improvements that were compa-
rable to previous studies [9, 11, 12]. A possible explanation for
the similar clinical gains observed in the present intervention
groups could be that LL-BFRT and HSRT may have induced
a similar increase in hormone and immune responses, poten-
tially involving increased secretion of GH and insulin-like
growth factor (IGF-1) [19]. Both GH and IGF-1 may play an
important role in the upregulation of collagen synthesis and
the healing of connective tissue [37, 38]. Another explanation
could be that volume and time under tension, rather than load
per se, are of main importance in the rehabilitation of tendi-
nopathic tendons, as both moderate- and HSRT have demon-
strated similar clinical and structural outcomes in patients
with PT [11].

Maximal tendon pain during or following physical activity de-
creased significantly from baseline to 12 and 52 weeks and from
12 to 52weeks, indicating an increased tolerance load of the pa-
tellar tendon since physical activity level increased (12 weeks) or
was similar (52weeks) compared to baseline.

iMVC showed a significant increase of ~6% following the 12-
week intervention period when groups were collapsed, which
was maintained at 52-week follow-up. Previous studies with
similar training protocols have demonstrated increases in
strength measurements of a higher magnitude (10%-15%)
[9, 11, 12]. However, increases in 5-RM lower limb muscle
strength (+19.0%-27.9%) along with an increase in quadriceps
muscle CSA (3%) indicate that the applied training protocols
were sufficient to induce physiological adaptations.

The present data demonstrated an increase in the trained leg
and a decrease in the untrained leg in quadriceps muscle CSA.
This indicates that participants adhered to the training proto-
col, albeit the observed decrease could indicate that the contra-
lateral leg was detrained; however, sports participation did not
change significantly from baseline to 12weeks follow-up (data
presented in Appendix S3). Regarding patellar tendon volume,
no difference was observed from baseline to 12weeks in both
groups. This complies to a previous report that also found no al-
teration in patellar tendon CSA after 12 weeks utilizing a HSRT
rehabilitation protocol [11]. However, in contrast, another report
demonstrated an increase in tendon CSA following a 12-week
intervention period in tendinopathic patellar tendons [9]. The
conflicting results could potentially be explained by different
methodologies and/or disparate states of disease across stud-
ies. Additionally, no significant change in patellar tendon fat
fraction from baseline to 12weeks was observed for both the
symptomatic and asymptomatic tendon. This indicates that fat
infiltration may not be a feature of lower limb tendinopathy
as a previous study also found no difference in Achilles tend-
inopathy and healthy tendons [39], however, the dearth in re-
search of intratendinous fat infiltration in PT warrants further
investigation.

No changes in US proximal patellar tendon thickness were ob-
served at 12weeks, in line with the present MRI data (patellar
tendon volume) and supported by a previous study that also
failed to demonstrate any changes in patella tendon morphol-
ogy [11]. However, a significant decrease was observed from
12 to 52weeks. A potential explanation could be that the reha-
bilitative effects initially target symptoms whereas structural
changes may first emerge during the later stage of recovery.
Lastly, no changes were observed for PD activity between base-
line and 12weeks; however, a significant decrease in PD activ-
ity was observed at 52weeks relative to baseline and 12 weeks.
In our study, the participants had more PD activity compared
to other studies [11, 40]. The greater PD activity could be due
to our inclusion criteria of >4 NRS pain during activity and no
exclusion regarding symptom duration. Previous studies have
also reported no changes in PD activity [11, 41], whereas others
found a decrease in PD activity [9]. However, due to differences
in methodology and US settings, it may be difficult to compare
observations across studies.

No correlations were observed between clinical (SLDS and
VISA-P) and structural outcomes (tendon thickness, patellar ten-
don volume, and Doppler) change scores. Associations between
clinical and structural outcomes in tendinopathy are currently
contradictory [9, 11, 42, 43]. A possible explanation could be the
difference in the settings applied for US and MRI scanning [44],
and differences in the methodology used to analyze the images.
Lastly, due to inter-individual symptom manifestation variability,
the non-significant and low correlations are not surprising.

5 | Limitations

This study has some limitations. Firstly, it included only partic-
ipants with unilateral symptomatic PT; however, three partici-
pants developed symptoms in the contralateral, asymptomatic
patellar tendon, suggesting the possible presence of undiagnosed/
subclinical bilateral tendinopathy. Secondly, a “wait-and-see”
group was not included; thus, we do not know to what extent the
presented improvements emerged as a result of the participants'
natural history; however, no significant improvements have been
demonstrated in a “wait-and-see” control group [45]. Thirdly,
only one weekly training session was supervised, which could
have influenced adherence to the respective training protocols,
albeit one weekly supervised training session is probably more
comparable to clinical practice. Further, modest increases in
quadriceps CSA and iMVC compared to previous reports [9, 11]
could indicate lower adherence to the protocol; however, in con-
trast, significant improvement in clinical outcomes comparable
to previously reported [9, 11] and significant increases in 5-RM
tests suggests good adherence to the protocol. Lastly, the present
study included male athletes only; thus, the results may not be
readily transferable to female athletes.

6 | Conclusion
This study demonstrated no between-group difference in the

short-, mid-, or long-term for any clinical and structural outcome
variables when comparing LL-BFRT to HSRT in male athletes
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with unilateral PT. Further, both groups demonstrated similar
clinically relevant improvements on the SLDS test and VISA-P
questionnaire from baseline to 12 and 52weeks. However, no
improvements in structural tendon parameters were observed at
12weeks, whereas a significant decrease in Doppler activity was
demonstrated at 52weeks follow-up. Thus, LL-BFRT seems to be
a viable and effective rehabilitation regimen in the treatment of
chronic PT while preventing high joint and tendon loads during
the phase of recovery.

7 | Perspectives

The present study did not demonstrate superior effects of LL-
BFRT compared with HSRT in the rehabilitation of chronic PT.
However, both LL-BFRT and HSRT yield comparable clinical im-
provements in pain and function, suggesting that clinicians may
apply the rehabilitation regime best aligned with the patient's
preference and tolerance to mechanical load.

Importantly, this study demonstrates that LL-BFRT may provide
clinical value in the rehabilitation of chronic PT, particularly
in situations where high mechanical loading is not feasible or
contraindicated, such as in the early stages of rehabilitation, in
athletes with concomitant joint pathology, or during in-season
rehabilitation when minimizing tendon mechanical stress may
be of importance for recovery. Ultimately, this study contributes
to a more nuanced understanding of load management in ten-
dinopathy and further supports individualized rehabilitation
pathways in sports medicine.

Acknowledgments

The authors acknowledge the participants for their dedication and con-
tribution to this trial.

Funding

This study was supported by Team Danmark through the Novo
Nordisk Foundation (NNF180C0052371), The Association of Danish
Physiotherapists—Praksisfonden ~ (F-12810-01-23-01),  University
College Absalon, and the Department of Physical and Occupational
Therapy, Bispebjerg-Frederiksberg Hospital.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. S. Nutarelli, C. M. T. da Lodi, J. L. Cook, L. Deabate, and G. Filardo,
“Epidemiology of Patellar Tendinopathy in Athletes and the General
Population: A Systematic Review and Meta-Analysis,” Orthopaedic
Journal of Sports Medicine 11, no. 6 (2023): 1-11, https://doi.org/10.1177/
23259671231173659.

2. H. Riel, C. F. Lindstrem, M. S. Rathleff, M. B. Jensen, and J.
L. Olesen, “Prevalence and Incidence Rate of Lower-Extremity

Tendinopathies in a Danish General Practice: A Registry-Based
Study,” BMC Musculoskeletal Disorders 20 (2019): 239, https://doi.org/
10.1186/s12891-019-2629-6.

3.0. B. Lian, L. Engebretsen, and R. Bahr, “Prevalence of Jumper's
Knee Among Elite Athletes From Different Sports: A Cross-Sectional
Study,” American Journal of Sports Medicine 33, no. 4 (2005): 561-567,
https://doi.org/10.1177/0363546504270454.

4. P. Malliaras, J. Cook, C. Purdam, and E. Rio, “Patellar Tendinopa-
thy: Clinical Diagnosis, Load Management, and Advice for Challeng-
ing Case Presentations,” Journal of Orthopaedic and Sports Physical
Therapy 45, no. 11 (2015): 887-898, https://doi.org/10.2519/jospt.
2015.5987.

5. M. H. Hjortshoej, A. Agergaard, F. K. Larsen, et al., “Determination
of Differences in Ultrasound Parameters for Patellar Tendons in Males
With Unilateral Patellar Tendinopathy—An Ancillary Analysis of Data
From Two Randomized Controlled Trials,” Journal of Clinical Ultra-
sound 52 (2024): 1-10, https://doi.org/10.1002/jcu.23655.

6.J. L. Cook, K. M. Khan, P. R. Harcourt, M. Grant, D. A. Young, and
S. F. Bonar, “A Cross Sectional Study of 100 Athletes With Jumper's
Knee Managed Conservatively and Surgically. The Victorian Institute
of Sport Tendon Study Group,” British Journal of Sports Medicine 31, no.
4(1997): 332-336, https://doi.org/10.1136/bjsm.31.4.332.

7.J. A. Kettunen, M. Kvist, E. Alanen, and U. M. Kujala, “Long-Term
Prognosis for Jumper's Knee in Male Athletes. A Prospective Follow-Up
Study,” American Journal of Sports Medicine 30, no. 5 (2002): 689-692,
https://doi.org/10.1177/03635465020300051001.

8.D. Challoumas, C. Pedret, M. Biddle, et al., “Management of Patel-
lar Tendinopathy: A Systematic Review and Network Meta-Analysis
of Randomised Studies,” BMJ Open Sport & Exercise Medicine 7, no. 4
(2021): 1-11, https://doi.org/10.1136/bmjsem-2021-001110.

9. M. Kongsgaard, V. Kovanen, P. Aagaard, et al., “Corticosteroid In-
jections, Eccentric Decline Squat Training and Heavy Slow Resistance
Training in Patellar Tendinopathy,” Scandinavian Journal of Medicine
& Science in Sports 19, no. 6 (2009): 790-802, https://doi.org/10.1111/j.
1600-0838.2009.00949.x.

10. M. Kongsgaard, K. Qvortrup, J. Larsen, et al., “Fibril Morphology
and Tendon Mechanical Properties in Patellar Tendinopathy: Effects of
Heavy Slow Resistance Training,” American Journal of Sports Medicine
38, no. 4 (2010): 749-756, https://doi.org/10.1177/0363546509350915.

11. A. S. Agergaard, R. B. Svensson, N. M. Malmgaard-Clausen, et al.,
“Clinical Outcomes, Structure, and Function Improve With Both Heavy
and Moderate Loads in the Treatment of Patellar Tendinopathy: A Ran-
domized Clinical Trial,” American Journal of Sports Medicine 49, no. 4
(2021): 982-993, https://doi.org/10.1177/0363546520988741.

12. D. Ruffino, P. Malliaras, S. Marchegiani, and V. Campana, “Inertial
Flywheel vs Heavy Slow Resistance Training Among Athletes With Pa-
tellar Tendinopathy: A Randomised Trial,” Physical Therapy in Sport 52
(2021): 30-37, https://doi.org/10.1016/j.ptsp.2021.08.002.

13. L. Hughes, B. Paton, B. Rosenblatt, C. Gissane, and S. D. Patterson,
“Blood Flow Restriction Training in Clinical Musculoskeletal Reha-
bilitation: A Systematic Review and Meta-Analysis,” British Journal of
Sports Medicine 51, no. 13 (2017): 1003-1011, https://doi.org/10.1136/
bjsports-2016-097071.

14. B. M. Grenfeldt, J. Lindberg Nielsen, R. M. Mieritz, H. Lund, and
P. Aagaard, “Effect of Blood-Flow Restricted vs. Heavy-Load Strength
Training on Muscle Strength: Systematic Review and Meta-Analysis,”
Scandinavian Journal of Medicine & Science in Sports 30 (2020): 1-12,
https://doi.org/10.1111/sms.13632.

15. C. Centner, S. Jerger, B. Lauber, et al., “Similar Patterns of Tendon Re-
gional Hypertrophy After Low-Load Blood Flow Restriction and High-
Load Resistance Training,” Scandinavian Journal of Medicine & Science
in Sports 33 (2023): 1-9, https://doi.org/10.1111/sms.14321.

10 of 12

Scandinavian Journal of Medicine & Science in Sports, 2025

850807 SUOWIWOD A0 3|cedldde ayy Aq peusenob are saolie YO ‘8SN JO Sa|NJ Joj Akl 8UlUO AB|IA UO (SUORIPUOD-PUB-SWBIW0D A8 | 1M AlRIq | U JUO//:SdNY) SUOIPUOD pue swie | 8 88S *[9202/20/02] Uo ARiqiTauliuo A8im ‘Ariqil AisieAlun umnind Aq 98T0.L SWS/TTTT'OT/I0PAU0D A8 imAreIq iUl |uo//:SAny WOl pepeojumod ‘ZT ‘G202 ‘8E80009T


https://doi.org/10.1177/23259671231173659
https://doi.org/10.1177/23259671231173659
https://doi.org/10.1186/s12891-019-2629-6
https://doi.org/10.1186/s12891-019-2629-6
https://doi.org/10.1177/0363546504270454
https://doi.org/10.2519/jospt.2015.5987
https://doi.org/10.2519/jospt.2015.5987
https://doi.org/10.1002/jcu.23655
https://doi.org/10.1136/bjsm.31.4.332
https://doi.org/10.1177/03635465020300051001
https://doi.org/10.1136/bmjsem-2021-001110
https://doi.org/10.1111/j.1600-0838.2009.00949.x
https://doi.org/10.1111/j.1600-0838.2009.00949.x
https://doi.org/10.1177/0363546509350915
https://doi.org/10.1177/0363546520988741
https://doi.org/10.1016/j.ptsp.2021.08.002
https://doi.org/10.1136/bjsports-2016-097071
https://doi.org/10.1136/bjsports-2016-097071
https://doi.org/10.1111/sms.13632
https://doi.org/10.1111/sms.14321

16. M. Wernbom and P. Aagaard, “Muscle Fibre Activation and Fatigue
With Low-Load Blood Flow Restricted Resistance Exercise-An Integra-
tive Physiology Review,” Acta Physiologica 228, no. 1 (2020): €13302,
https://doi.org/10.1111/apha.13302.

17. T. M. Manini, J. F. Yarrow, T. W. Buford, B. C. Clark, C. F. Conover,
and S. E. Borst, “Growth Hormone Responses to Acute Resistance Ex-
ercise With Vascular Restriction in Young and Old Men,” Growth Hor-
mone & IGF Research 22, no. 5(2012): 167-172, https://doi.org/10.1016/j.
ghir.2012.05.002.

18. G. V. Reeves, R. R. Kraemer, D. B. Hollander, et al., “Comparison of
Hormone Responses Following Light Resistance Exercise With Partial
Vascular Occlusion and Moderately Difficult Resistance Exercise With-
out Occlusion,” Journal of Applied Physiology 101, no. 6 (2006): 1616—
1622, https://doi.org/10.1152/japplphysiol.00440.2006.

19. M. H. Hjortshoej, P. Aagaard, C. D. Storgaard, J. Lundbye-Jensen,
S. P. Magnusson, and C. Couppé, “Hormonal, Immune, and Oxidative
Stress Responses to Blood Flow Restricted Exercise,” Acta Physiologica
239 (2023): 14030, https://doi.org/10.1111/apha.14030.

20. M. B. Klein, H. Pham, N. Yalamanchi, and J. Chang, “Flexor Tendon
Wound Healing In Vitro: The Effect of Lactate on Tendon Cell Prolifera-
tion and Collagen Production,” Journal of Hand Surgery 26, no. 5 (2001):
847-854, https://doi.org/10.1053/jhsu.2001.26185.

21. E. A. Makris, J. C. Hu, and K. A. Athanasiou, “Hypoxia-Induced Col-
lagen Crosslinking as a Mechanism for Enhancing Mechanical Proper-
ties of Engineered Articular Cartilage,” Osteoarthritis and Cartilage 21,
no. 4 (2013): 634-641, https://doi.org/10.1016/j,joca.2013.01.007.

22. E. A. Makris, D. J. Responte, N. K. Paschos, J. C. Hu, and K. A. Atha-
nasiou, “Developing Functional Musculoskeletal Tissues Through Hy-
poxia and Lysyl Oxidase-Induced Collagen Cross-Linking,” Proceedings
of the National Academy of Sciences of the United States of America 111, no.
45 (2014): E4832-E4841, https://doi.org/10.1073/pnas.1414271111.

23.S. Skovlund, P. Aagaard, P. Larsen, et al., “The Effect of Low-Load
Resistance Training With Blood Flow Restriction on Chronic Patellar
Tendinopathy — A Case Series,” Translational Sports Medicine 3 (2020):
1-11, https://doi.org/10.1002/tsm2.151.

24.P. A. Harris, R. Taylor, R. Thielke, J. Payne, N. Gonzalez, and J. G.
Conde, “Research Electronic Data Capture (REDCap)—A Metadata-
Driven Methodology and Workflow Process for Providing Translational
Research Informatics Support,” Journal of Biomedical Informatics 42, no.
2 (2009): 377-381, https://doi.org/10.1016/j.jbi.2008.08.010.

25.S. Hopewell, A. Chan, G. S. Collins, et al., “CONSORT 2025 Expla-
nation and Elaboration: Updated Guideline for Reporting Randomised
Trials,” British Medical Journal 389 (2025): e081124, https://doi.org/10.
1136/bmj-2024-081124.

26. F. Salaffi, A. Stancati, C. A. Silvestri, A. Ciapetti, and W. Grassi,
“Minimal Clinically Important Changes in Chronic Musculoskele-
tal Pain Intensity Measured on a Numerical Rating Scale,” European
Journal of Pain 8, no. 4 (2004): 283-291, https://doi.org/10.1016/j.ejpain.
2003.09.004.

27.S. D. Patterson, L. Hughes, S. Warmington, et al., “Blood Flow Re-
striction Exercise: Considerations of Methodology, Application, and
Safety,” Frontiers in Physiology 10 (2019): 533, https://doi.org/10.3389/
fphys.2019.00533.

28. A. L. Sprague, C. Couppé, R. T. Pohlig, L. Snyder-Mackler, and K.
G. Silbernagel, “Pain-Guided Activity Modification During Treatment
for Patellar Tendinopathy: A Feasibility and Pilot Randomized Clinical
Trial,” Pilot and Feasibility Studies 7, no. 1 (2021): 58, https://doi.org/10.
1186/s40814-021-00792-5.

29. B. Vicenzino, R. J. De Vos, H. Alfredson, et al., “ICON 2019—In-
ternational Scientific Tendinopathy Symposium Consensus: There
Are Nine CORE Health-Related Domains for Tendinopathy (CORE
DOMAINS): Delphi Study of Healthcare Professionals and Patients,”

British Journal of Sports Medicine 54, no. 8 (2020): 444, https://doi.org/
10.1136/bjsports-2019-100894.

30. C. R. Purdam, J. L. Cook, D. M. Hopper, K. M. Khan, and VISA Ten-
don Study Group, “Discriminative Ability of Functional Loading Tests
for Adolescent Jumper's Knee,” Physical Therapy in Sport 4, no. 1 (2003):
3-9, https://doi.org/10.1016/S1466-853X(02)00069-X.

31. S. Hernandez-Sanchez, M. D. Hidalgo, and A. Gomez, “Responsive-
ness of the VISA-P Scale for Patellar Tendinopathy in Athletes,” British
Journal of Sports Medicine 48, no. 6 (2014): 453-457, https://doi.org/10.
1136/bjsports-2012-091163.

32. R. Hoeffner, A. S. Agergaard, R. B. Svensson, et al., “Tendon Elon-
gation and Function After Delayed or Standard Loading of Surgically
Repaired Achilles Tendon Ruptures: A Randomized Controlled Trial,”
American Journal of Sports Medicine 52, no. 4 (2024): 1022-1031, https://
doi.org/10.1177/03635465241227178.

33.V. S. de Queiros, N. Rolnick, I. K. dos Santos, et al., “Acute Effect
of Resistance Training With Blood Flow Restriction on Perceptual Re-
sponses: A Systematic Review and Meta-Analysis,” Sports Health 15, no.
5(2023): 673-688, https://doi.org/10.1177/19417381221131533.

34.S. L. Jorgensen, S. K. Brochner, M. B. Bohn, and M. Hegsholt, “Ef-
fects of Blood—Flow Restricted Exercise Versus Conventional Resis-
tance Training in Musculoskeletal Disorders — A Systematic Review
and Meta-Analysis,” BMC Sports Science, Medicine and Rehabilitation
15 (2023): 141, https://doi.org/10.1186/s13102-023-00750-z.

35.J. L. Cook, Z. S. Kiss, R. Ptasznik, and P. Malliaras, “Is Vascularity
More Evident After Exercise? Implications for Tendon Imaging,” Amer-
ican Journal of Roentgenology 185, no. 5 (2005): 1138-1140, https://doi.
org/10.2214/AJR.04.1205.

36. T. Cuddeford and J. Brumitt, “In-Season Rehabilitation Program
Using Blood Flow Restriction Therapy for Two Decathletes With Patel-
lar Tendinopathy: A Case Report,” International Journal of Sports Phys-
ical Therapy 15, no. 6 (2020): 1184-1195, https://doi.org/10.26603/ijspt
20201184.

37.8S. Doessing, K. M. Heinemeier, L. Holm, et al., “Growth Hormone
Stimulates the Collagen Synthesis in Human Tendon and Skeletal Mus-
cle Without Affecting Myofibrillar Protein Synthesis,” Journal of Phys-
iology 588, no. 2 (2010): 341-351, https://doi.org/10.1113/jphysiol.2009.
179325.

38. N. P. Disser, K. B. Sugg, J. R. Talarek, D. C. Sarver, B. J. Rourke, and
C. L. Mendias, “Insulin-Like Growth Factor 1 Signaling in Tenocytes Is
Required for Adult Tendon Growth,” FASEB Journal 33, no. 11 (2019):
12680-12695, https://doi.org/10.1096/£}.201901503R.

39. F. Klatte-Schulz, S. Minkwitz, A. Schmock, et al., “Different Achil-
les Tendon Pathologies Show Distinct Histological and Molecular Char-
acteristics,” International Journal of Molecular Sciences 19, no. 2 (2018):
404, https://doi.org/10.3390/ijms19020404.

40. F. J. Molina-Pay4, J. Rios-Diaz, F. Carrasco-Martinez, and J. J.
Martinez-Pay4, “Reliability of a New Semi-Automatic Image Analysis
Method for Evaluating the Doppler Signal and Intratendinous Vascular
Resistance in Patellar Tendinopathy,” Ultrasound in Medicine & Biol-
ogy 47, no. 12 (2021): 3491-3500, https://doi.org/10.1016/j.ultrasmedbio.
2021.08.010.

41.8S. J. Breda, E. H. G. Oei, J. Zwerver, et al., “Effectiveness of Pro-
gressive Tendon-Loading Exercise Therapy in Patients With Patel-
lar Tendinopathy: A Randomised Clinical Trial,” British Journal of
Sports Medicine 55, no. 9 (2021): 501-509, https://doi.org/10.1136/bjspo
rts-2020-103403.

42. L. M. Rabello, I. van den Akker-Scheek, M. S. Brink, M. Maas, R. L.
Diercks, and J. Zwerver, “Association Between Clinical and Imaging
Outcomes After Therapeutic Loading Exercise in Patients Diagnosed
With Achilles or Patellar Tendinopathy at Short- and Long-Term

Scandinavian Journal of Medicine & Science in Sports, 2025

11 of 12

850807 SUOWIWOD A0 3|cedldde ayy Aq peusenob are saolie YO ‘8SN JO Sa|NJ Joj Akl 8UlUO AB|IA UO (SUORIPUOD-PUB-SWBIW0D A8 | 1M AlRIq | U JUO//:SdNY) SUOIPUOD pue swie | 8 88S *[9202/20/02] Uo ARiqiTauliuo A8im ‘Ariqil AisieAlun umnind Aq 98T0.L SWS/TTTT'OT/I0PAU0D A8 imAreIq iUl |uo//:SAny WOl pepeojumod ‘ZT ‘G202 ‘8E80009T


https://doi.org/10.1111/apha.13302
https://doi.org/10.1016/j.ghir.2012.05.002
https://doi.org/10.1016/j.ghir.2012.05.002
https://doi.org/10.1152/japplphysiol.00440.2006
https://doi.org/10.1111/apha.14030
https://doi.org/10.1053/jhsu.2001.26185
https://doi.org/10.1016/j.joca.2013.01.007
https://doi.org/10.1073/pnas.1414271111
https://doi.org/10.1002/tsm2.151
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1136/bmj-2024-081124
https://doi.org/10.1136/bmj-2024-081124
https://doi.org/10.1016/j.ejpain.2003.09.004
https://doi.org/10.1016/j.ejpain.2003.09.004
https://doi.org/10.3389/fphys.2019.00533
https://doi.org/10.3389/fphys.2019.00533
https://doi.org/10.1186/s40814-021-00792-5
https://doi.org/10.1186/s40814-021-00792-5
https://doi.org/10.1136/bjsports-2019-100894
https://doi.org/10.1136/bjsports-2019-100894
https://doi.org/10.1016/S1466-853X(02)00069-X
https://doi.org/10.1136/bjsports-2012-091163
https://doi.org/10.1136/bjsports-2012-091163
https://doi.org/10.1177/03635465241227178
https://doi.org/10.1177/03635465241227178
https://doi.org/10.1177/19417381221131533
https://doi.org/10.1186/s13102-023-00750-z
https://doi.org/10.2214/AJR.04.1205
https://doi.org/10.2214/AJR.04.1205
https://doi.org/10.26603/ijspt20201184
https://doi.org/10.26603/ijspt20201184
https://doi.org/10.1113/jphysiol.2009.179325
https://doi.org/10.1113/jphysiol.2009.179325
https://doi.org/10.1096/fj.201901503R
https://doi.org/10.3390/ijms19020404
https://doi.org/10.1016/j.ultrasmedbio.2021.08.010
https://doi.org/10.1016/j.ultrasmedbio.2021.08.010
https://doi.org/10.1136/bjsports-2020-103403
https://doi.org/10.1136/bjsports-2020-103403

Follow-Up: A Systematic Review,” Clinical Journal of Sport Medicine
30, no. 4 (2020): 390-403, https://doi.org/10.1097/JSM.0000000000
000624.

43.M. Van Ark, E. Rio, J. Cook, et al., “Clinical Improvements Are
Not Explained by Changes in Tendon Structure on Ultrasound Tissue
Characterization After an Exercise Program for Patellar Tendinopa-
thy,” American Journal of Physical Medicine & Rehabilitation 97, no. 10
(2018): 708, https://doi.org/10.1097/PHM.0000000000000951.

44. E. Smith, C. Azzopardi, S. Thaker, R. Botchu, and H. Gupta, “Power
Doppler in Musculoskeletal Ultrasound: Uses, Pitfalls and Principles
to Overcome Its Shortcomings,” Journal of Ultrasound 24, no. 2 (2021):
151-156, https://doi.org/10.1007/s40477-020-00489-0.

45. F. Rieder, H. P. Wiesinger, J. Herfert, et al., “Whole Body Vibration
for Chronic Patellar Tendinopathy: A Randomized Equivalence Trial,”
Frontiers in Physiology 13 (2022): 1017931, https://doi.org/10.3389/
fphys.2022.1017931.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Appendix S1: sms70186-sup-0001-
AppendixSl.docx. Appendix S2: sms70186-sup-0002-AppendixS2.
docx. Appendix S3: sms70186-sup-0003-AppendixS3.docx.

12 of 12

Scandinavian Journal of Medicine & Science in Sports, 2025

850807 SUOWIWOD A0 3|cedldde ayy Aq peusenob are saolie YO ‘8SN JO Sa|NJ Joj Akl 8UlUO AB|IA UO (SUORIPUOD-PUB-SWBIW0D A8 | 1M AlRIq | U JUO//:SdNY) SUOIPUOD pue swie | 8 88S *[9202/20/02] Uo ARiqiTauliuo A8im ‘Ariqil AisieAlun umnind Aq 98T0.L SWS/TTTT'OT/I0PAU0D A8 imAreIq iUl |uo//:SAny WOl pepeojumod ‘ZT ‘G202 ‘8E80009T


https://doi.org/10.1097/JSM.0000000000000624
https://doi.org/10.1097/JSM.0000000000000624
https://doi.org/10.1097/PHM.0000000000000951
https://doi.org/10.1007/s40477-020-00489-0
https://doi.org/10.3389/fphys.2022.1017931
https://doi.org/10.3389/fphys.2022.1017931

	Effect of Low-Load Blood-Flow Restricted Training Versus Heavy Slow Resistance Training in Unilateral Patellar Tendinopathy: A Randomized Clinical Trial
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Participants
	2.2   |   Randomization
	2.3   |   Blinding
	2.4   |   Lower Limb Strength and Arterial Occlusion Pressure
	2.5   |   Intervention Procedures
	2.6   |   Load and Pain Management
	2.7   |   Training Registration
	2.8   |   Primary Outcome
	2.9   |   Clinical and Mechanical Outcomes
	2.10   |   Ultrasonography
	2.11   |   Magnetic Resonance Imaging
	2.12   |   Statistical Analysis

	3   |   Results
	3.1   |   Participants
	3.2   |   Training Data and Physical Activity
	3.3   |   Clinical Outcomes
	3.3.1   |   Primary Outcome
	3.3.2   |   Secondary Outcomes

	3.4   |   US and MRI Outcome Variables
	3.5   |   Correlations Between Clinical and Structural Outcome Variables
	3.6   |   Adverse Events

	4   |   Discussion
	5   |   Limitations
	6   |   Conclusion
	7   |   Perspectives
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


