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SUMMARY
Introduction. Heavy Slow Resistance Training (HSR) is one of the most recommended interventions for the treatment of patellar tendinopathy (PT). However, the HSR
protocol does not address known risk factors for PT. Athletes with PT have been
shown to have stiff jump-landings, decreased ankle dorsiflexion range of motion and
hip extensors strength compared to asymptomatic athletes. This study aims to verify
the effects of an intervention addressing kinetic chain factors in comparison to the
HSR protocol on pain, symptoms severity and function, strength and flexibility of the
lower limb and landing mechanics in athletes with PT.
Methods. Blind randomized, clinical trial consisting of 28 male recreational athletes,
divided into two groups: Heavy slow resistance training group (HSG; n = 14) and
kinetic chain group (KCG; n = 14). Both interventions will be delivered 3 times per
week, for 12 weeks. Pain will be measured with a visual analog scale and disability will
be measured with the VISA-P questionnaire, at baseline, after 6 weeks of intervention, immediately after the intervention, as well as at 6 months after the interventions.
Lower limb strength and flexibility and landing mechanics will also be assessed before
and after the 12-week interventions. The HSG intervention will involve the squat, Leg
Press and Hack Squat, with progressive loads. The KCG intervention will involve the
squat exercise, hip extensors and ankle plantar flexors strengthening, interventions to
improve ankle dorsiflexion and a jump-landing training. General linear models will be
used to compare the intervention effects.
Results. The results of this study will expand the evidence base on different exercise
programs for patellar tendinopathy, and may aid clinicians in choosing the most appropriate program for the treatment of athletes with this condition.
Conclusions. This randomized controlled trial will compare the effectiveness of an
intervention addressing kinetic chain factors to a standard patellar tendon progressive
loading program for the rehabilitation of athletes with patellar tendinopathy.
Study registration: EnsaiosClinicos.gov.br (Identifier: RBR-74nhx9).
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INTRODUCTION
Patellar tendinopathy is a condition characterized by focal
pain and dysfunction in the patellar tendon (1). It more
frequently occurs in sports involving jumps such as basketball and volleyball, affecting 11.8% and 14.4% of recreational athletes of these modalities, respectively (2). Male
athletes are at greater risk of developing patellar tendinopathy than female athletes (2). Patellar tendinopathy may be
a rather limiting dysfunction for athletes. Often, athletes
with patellar tendinopathy need to move away from training and competition for a long time and 53% of athletes
terminate their careers because of this condition (3). The
high prevalence of patellar tendinopathy in the athlete
population and its impact in both sports career and daily
life highlights the importance of identifying effective treatment options for this condition.
The progressive exercise program known as heavy slow
resistance training (HSR) (4) has been highlighted by recent
systematic reviews (5, 6) as one of the most recommended
interventions for the rehabilitation of athletes with patellar tendinopathy. This intervention involves a progressive
loading protocol for the quadriceps and, consequently,
for the patellar tendon, resulting in improvement in the
pain and function of athletes with patellar tendinopathy
(4). Specifically, the HSR protocol involves three exercises: squat, leg press and hack squat; performed so that
each repetition of each exercise involves 3 seconds for the
eccentric phase and 3 seconds for the concentric phase.
This protocol resulted in greater patellar tendon collagen
turnover and greater athlete satisfaction when compared
to an intervention composed solely of eccentric exercises
(4), which is often considered the gold-standard intervention for patellar tendinopathy (5).
Rehabilitation programs that exclusively involve quadriceps exercises with progressive loads, such as the eccentric
protocol or the HSR, may not be the best option for longterm symptoms resolution in athletes with patellar tendinopathy. Since these interventions focus only in providing the patellar tendon with progressive loads to improve
its capacity, they do not address important risk factors for
patellar tendinopathy (7). Interventions with a restricted
look to the knee and the quadriceps muscle overlook variables that may be important to increase the patellar tendon
forces in sports activities, potentially favoring recurrences.
Kinetic chain factors, including hip and ankle joint
strength and flexibility deficits and jump-landing alterations, have already been observed in athletes with patellar
tendinopathy (7-9). In a prospective study with basketball
athletes, Backman & Danielson (9) observed that restriction of ankle dorsiflexion range of motion is a risk factor
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for patellar tendinopathy. Restricted dorsiflexion movements may limit the eccentric action of the plantar flexor
muscles in deceleration forces, with the ankle potentially becoming less efficient at force dissipation near end of
range (7). This may alter the mechanics of the lower limb
at landing, which may lead to an increase in the load on the
patellar tendon and the risk of injury (7).
Scattone Silva et al. (7) observed that athletes with patellar tendinopathy present lower hip extensor torque when
compared to asymptomatic athletes. Weakness in the
extensor hip muscle probably increases the demand on
knee extensors to dissipate ground reaction forces during
jump landings, which could contribute to patellar tendinopathy (7). Despite these findings, the most frequently
recommended interventions for the treatment of patellar tendinopathy (6) do not take into account deficits in
strength and/or range of motion in the ankle and hip joints
for rehabilitation of athletes.
Regarding jump landing, a recent systematic review
concluded that athletes with patellar tendinopathy have a
stiffer jump landing pattern when compared to asymptomatic controls (8). A stiffer landing requires energy to be
dissipated more quickly, which leads to increased ground
reaction forces and increased loads at the knee joint (10).
Stiff landings, with an extended trunk, also decrease the
contribution of the hip muscles for dissipation of the landing forces and increase the peak patellar tendon force (10).
Thus, an abnormal landing may contribute to the development or perpetuation of patellar tendinopathy.
In this context, kinetic chain biomechanical alterations
may contribute to increase patellar tendon stress, potentially contributing to patellar tendon overload in athletes
(7). It is possible that a more comprehensive intervention,
taking into account kinetic chain factors, may produce
superior results than interventions directed at local factors
(such as the HSR protocol) to treat athletes with patellar tendinopathy. However, the effect of an intervention
directed to kinetic chain factors compared to a progressive
loading protocol for the treatment of patellar tendinopathy in athletes has not been verified.
The primary objectives of the present study are to verify
the short-term (after 6 weeks of intervention and immediately after 12 weeks of intervention) and long-term
(6-month follow-up) effects of an intervention directed to
kinetic chain factors in comparison to the HSR protocol in
athletes with patellar tendinopathy in terms of knee pain,
symptoms severity and function. The secondary objectives
are to verify the short-term effects of these interventions in
terms of lower limb isometric strength; of ankle dorsiflexion range of motion and jump landing mechanics.
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MATERIALS AND METHODS
Design
This is a blind randomized clinical trial protocol, developed
and reported in accordance with the Standard Protocol
Items Recommendations for Intervention Trials (SPIRIT)
(11). Participants will be randomized and allocated to the
heavy-slow resistance training group (HSG) or the kinetic
chain group (KCG).
The methods of this clinical trial will follow the recommendations and determinations of the Consolidated Standards
of Reporting Trials (CONSORT) (12). This trial was registered in the Brazilian Registry of Clinical Trials (REBEC).

Recruitment
Participants will be recruited from the waiting list of patients
of the Physiotherapy School Clinics of Federal University of
Rio Grande do Norte. Announcements will also be made
on local radios and social media and advertisements will be
placed at training centers and schools in the cities of João
Pessoa, Natal and Santa Cruz (Brazil).

Ethics
The project was approved by the Research Ethics Committee
of the Federal University of Rio Grande do Norte (Number
3.577.145) and participants will sign an informed consent
form. In the case of underage participants, the legal guardian will also sign a consent form. Results will be disseminated via publications in scientific journals, social media and
presentations in scientific events.

Exclusion criteria
Use corticosteroid-based medication in the last 6 months.
Symptoms related to trauma or previous knee surgery.
Knee symptoms associated with other dysfunctions, such
as intra-articular lesions, patellofemoral pain, patellar instability and Osgood-Schlatter or Sinding-Larsen-Johansson
disease (7).
Inability or unwillingness to commit with conducting treatment during the intervention period.

Sample calculation
The sample size was calculated based on the results of a
previous study comparing different interventions with exercises for the rehabilitation of athletes with patellar tendinopathy (4). The primary outcome variable used for the
calculations was the Victorian Institute of Sport Assessment-Patella (VISA-P) questionnaire score, The sample size
calculation considered α = 0.05 and a power of 80%, with a
difference between groups in the VISA-P of 22 points. This
difference in the VISA-P score is greater than the minimal
clinically important difference of the questionnaire (17).
Based on these calculations, a sample size of 12 individuals
per group was obtained. Considering a sample loss of 15%,
which is expected in clinical studies of this nature (18), the
sample size was determined to be of 28 subjects. The study
flow chart is presented in figure 1.

Eligibility criteria
The eligibility criteria will be checked by means of a telephone screening by one of the authors. Suitable participants
will be asked to attend the research site where they will be
assessed for further eligibility screening.
Inclusion criteria
Male athletes with age between 15 and 40 years.
Practice physical activity involving activities with high
demand for the knee extensor mechanism (volleyball,
basketball, handball, etc.) at least 2 times a week.
Present with localized pain in the patellar tendon, confirmed
by palpation, during activities that impose load to the patellar tendon (jumping, squatting, etc.) with a duration of 3
months or longer (7).
Have patellar tendon pain during the single-leg decline
squat test (13, 14).
Present with a positive Royal London Hospital Test (15).
Present with a score lower than 88 points in the Victorian Institute of Sport Assessment-Patella (VISA-P) questionnaire (16).
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Figure 1. Participants flow chart.
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Randomization and strategies for bias
minimization
For the participant’s randomization, a sample randomization system (blocks of four) will be used by generating a list
of random numbers on a computer (http://www.randomization.org). Consecutively numbered opaque envelopes
will be filled in and sealed with the numbers generated prior
to the start of the study. An individual with no knowledge
of the participants will perform this procedure and their
allocation in the HSG and KCG groups. Randomization
will be performed prior to the initial evaluation and participants will remain blinded to the group to which they were
allocated. In order to ensure this, the participants of different groups will perform the treatment sessions separately,
not knowing about the exercises performed by the other
group (19).
The interventions will be conducted at a training center with
fitness gym equipment localized in the cities of Natal, Santa
Cruz and João Pessoa (Brazil). Given the nature of the intervention in question, it will not be possible to blind the therapist who will carry out the interventions. All evaluations,
before and after the intervention, will be performed by a
researcher who will not be involved with the administration
of the interventions (blind assessor). In addition, data analysis will be performed by a researcher who will remain blind
to the treatment groups.

Evaluations
Initially, participants will complete an identification form,
containing personal information, including body mass,
height, age and information regarding the sports modality
they practiced. The Brazilian Portuguese short version of the
International Physical Activity Questionnaire (IPAQ) will be
used for the evaluation of the participants’ level of habitual
physical activity practice (20). The short version of the IPAQ
consists of eight open questions and its information allows
an estimation of the time spent per week in different dimensions of physical activity and physical inactivity (20).

Primary outcome measures
Pain rating
A 10-cm visual analogue scale (VAS) will be used to evaluate
the participants’ pain, with 0 indicating no pain and 10 indicating the worst imaginable pain (21). Pain measurement
will be performed in two ways: the worst pain in the previous week 18 and pain during the single-leg decline squat
test (13). The latter is a validated provocative test, where the
participant, on standing on a platform with a 25° inclination
and keeping the trunk upright, performs a single-leg squat
up to 90° of knee flexion (13). The VAS is a reliable for
Muscles, Ligaments and Tendons Journal 2022;12 (3)

the evaluation of individuals with knee pain, with a minimal
important difference of 2 cm (22).
Function and severity of symptoms
The VISA-P is an 8-item questionnaire for assessing the
severity of symptoms and disability of individuals with
patellar tendinopathy (23). The total score in VISA-P ranges from 0 to 100 points, with a maximum score indicating
absence of symptoms and disability (23). Changes greater
than 13 points after interventions in the VISA-P questionnaire are considered clinically relevant (17). The Brazilian
Portuguese version of the questionnaire will be used (24).
Global perception of change
A 15-point Likert scale that measures the impression of
change in health status after a treatment intervention will
be used. The scale ranges from - 7 (“much worse”) to + 7
(“much better”), so a score of 0 indicates “no change” (25).
Changes equal to or greater than four points on this scale
have been considered clinically important in the treatment
of patellar tendinopathy (26).
The primary outcomes will be assessed before the intervention, after 6 weeks of intervention, immediately after the
end of the interventions (at 12 weeks) and six months after
the end of the interventions, by a researcher who will remain
blind to group allocation.

Secondary outcome measures
Isometric strength test
A portable handheld dynamometer (Lafayette Instrument
Company, Lafayette, IN) will be used to assess lower limb
strength. Four repetitions of each strength test will be
performed, one to familiarize the participant with the procedure, followed by 3 valid repetitions, which will be used for
analysis. At each repetition, the participant will be required
to exert maximum force for 5 seconds, with a 15 second
interval between repetitions (7). The assessments described
below have been shown to be reliable, with intraclass correlation coefficients (ICC3,3) ranging from 0.78 to 0.93 (7).
In order to measure hip extensors strength, the participant
will be positioned in the prone lying with the knee of the
limb to be tested at 90° of flexion and the dynamometer
positioned immediately above the popliteal fossa (7). An
inelastic belt will be positioned around the participant’s hip
and the examination table in order to stabilize the trunk,
and another belt will be positioned in the distal thigh region
to stabilize the dynamometer and resist the movement (7).
To assess the knee extensors strength, the participant will be
positioned in supine, with 30° of knee flexion and approximately 20° of hip flexion (7). A foam roll will be placed
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in the posterior region of the knee to maintain the desired
angle. The dynamometer will be positioned in the midpoint
between the malleoli, with an inelastic belt positioned to
stabilize the equipment and resist the movement (7).
The strength of the ankle plantar flexors will be measured
with the participant in prone lying, with the foot of the evaluated lower limb positioned outside of the examination
table (7). The dynamometer will be positioned in the plantar
aspect of the metatarsal heads with an inelastic belt stabilizing the equipment and resisting the movement (7).
The peak force results will be converted to torque values
[force (N) × action length of the segment (m)]. The torque
data will be normalized by the body mass and height of
each participant (7).
Dorsiflexion range of motion
The lunge test (7, 9) will be performed using an inclinometer (Baseline Bubble, NY, USA), positioned 15 cm distal to
the tibial tuberosity. For this measurement, the participant
will be instructed to flex the knee to touch a wall with the
patella without removing the heel from the ground. At the
maximum distance that the participant can touch the patella
on the wall without removing the heel from the ground, the
examiner will verify the angle relative to the vertical will be
recorded for analysis. Good reliability was observed for this
test in a previous study (ICC3,3 = 0.90) (7).
Landing mechanics
The Landing Error Scoring System (LESS) is a clinical tool
described for evaluation of jump landing biomechanics (27).
For this evaluation, two cameras (Panasonic NV-GS180,
Matsushita Group, JP) will be positioned 3 m away from a 30
cm box, one in the frontal plane and the other in the sagittal
plane. In front of the box, a landing zone will be demarcated,
at a distance of 50% of the height of the participant. The test
consists of two jumps, one from the box to the landing zone
and another, immediately after, upwards with maximum effort.
The landing mechanics will be measured through a 17 items
tool, which considers the position of the lower limbs and trunk
at the time of initial contact with the ground as well as the peak
movements during landing, both in the sagittal and frontal
planes. Higher values indicate worst landing quality. This evaluation presents good reliability (ICC2,1 = 0.91) and high agreement with three-dimensional movement evaluations (27).
The secondary outcomes will be assessed before the intervention and immediately after the end of the interventions
(at 12 weeks), by a researcher who will remain blind to group
allocation. The symptomatic lower limb will be evaluated
and, in cases of bilateral symptoms, the most symptomatic
limb will be submitted to the evaluations. The time points of
all evaluation of this trial are summarized in figure 2.
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Figure 2. Description of the Standard Protocol Items Recommendations for Intervention Trials (SPIRIT).

Interventions
Participants of both the KCG and HSR will be treated
during 12 weeks of rehabilitation, with the interventions
of both groups lasting approximately 50 minutes in each
session. Participants will be encouraged to come to the
treatment setting 3 times/week for in-person supervised
rehabilitation. If that is not possible for any reason, the
treating therapist will be available to supervise the participant’s session via telehealth. If that is also not possible,
the participant will be instructed to conduct that specific session unsupervised, following the previously provided
instructions and filling a training diary which will include
information about the number of repetitions, load and pain
during each exercise.
During the strengthening exercises in both groups, each
participant will be using a headset and will have the auditory stimulus of a metronome adjusted to a rate of 60 beats
per minute, to control the concentric and eccentric phases
of each exercise. Recently, it has been suggested that auditory stimuli are important in the treatment of tendinopathies to improve motor control, increasing muscle excitability and decreasing muscle inhibition (28, 29). In the sessions
when the participant is unavailable for in-person supervised treatment or for telehealth supervised treatment, he
Muscles, Ligaments and Tendons Journal 2022;12 (3)
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will be instructed to perform the exercises using his phone
or computer with the metronome provided by the Google
platform (available at https://g.co/kgs/paexw4). In the first
supervised session, the participants will be given instructions on how to access this and how to set the frequency to
60 beats/minute.
Heavy Slow Resistance Training Group intervention
The HSG participants will be submitted to the HeavySlow Resistance Training (HSR) protocol proposed by
Kongsgaard et al. (4). The HSR consists of three exercises: squat, hack squat and leg press (figure 3). The parameters of each exercise are described in table I. This intervention has already been shown to be effective to reduce pain
and improve function in athletes with patellar tendinopathy,
both in short and in long term (4).
During the HSR protocol, knee pain will be acceptable as
long as it is of a maximum intensity of 3/10 in the VAS (4).
If pain intensity during the intervention is greater than 3,
the exercise will be modified with a reduction in range of
motion and/or load.

Kinetic Chain Group intervention
Participants assigned to the KCG will undergo a protocol
involving not only knee extensors strengthening, but also
strengthening of the hip extensors and ankle plantar flexors,
interventions to improve ankle dorsiflexion range of motion
(stretching/mobilization) and a jump-landing training
(figure 4). The parameters of all the strengthening exercises
of the KCG intervention will be identical to the parameters
used in the HSG exercises and are described in table II.

Table I. Heavy Slow Resistance Training Detailed Protocol.
Exercises
Squat, Leg Press and Hack Squat
Progressive load for strengthening exercises
1st week: 4 × 15 – Load 15 repetition maximum (RM)
2nd / 3rd weeks: 4 × 12 – Load 12RM
4th / 5th week: 4 ×10 – Load 10RM
6th-8th week: 4 × 8 – Load 8RM
9th-12th weeks: 4 × 6 – Load 6RM
Muscle activation time
Concentric phase - 3s
Eccentric phase - 3s
Rest time between sets: 2 minutes
Range of motion: 0º (full extension) to 90º of knee flexion

Figure 4. Kinetic Chain Group Intervention.

Figure 3. Heavy Slow Resistance Training Protocol.
Squat (A), Leg Press (B) and Hack Squat (C).
Muscles, Ligaments and Tendons Journal 2022;12 (3)

Joint mobilization to improve dorsiflexion with an inelastic belt (A) and
soleus muscle stretching (B). Hip extensor strengthening exercise – Singlelimb deadlift initial position (C) and final position (D). Ankle plantar flexors strengthening exercise – Seated heel-rise initial position (E) and final
position (F). Squat exercise initial position (G) and final position (H).
Jump landing training emphasizing soft landing – Initial position (I) and
final position, landing with trunk flexion and backwards hip projection (J).
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Table II. Kinetic Chain Group Detailed Protocol.
Joint mobilization for dorsiflexion: 4 ×10 s (20 s rest)
Soleus muscle stretching: 3 × 30 s (10 s rest)
Exercises: Single-Limb Deadlift, Squat and Seated Heel Raise
Progressive load for the strengthening exercises:
1st week: 4 × 15 – Load 15 repetition maximum (RM)
2nd / 3rd weeks: 4 × 12 – Load 12RM
4th / 5th week: 4 ×10 – Load 10RM
6th-8th week: 4 × 8 – Load 8RM
9th-12th weeks: 4 × 6 – Load 6RM
Muscle activation time
Concentric phase - 3s
Eccentric phase - 3s
Rest time between sets: Squat - 2 minutes; Remaining exercises
- 1 minute
Range of motion: Squat - 0º (full extension) to 90º of knee
flexion; Seated heel raise - Full range; Single-limb deadlift - 0º
(trunk upright) to 90º of hip flexion.
Jumping landing strategy modification training (after the 4th
week): 2 × 10

Ankle plantar flexors strengthening
The seated heel raise will be the exercise used to strengthen
the ankle plantar flexors of the KCG. For this exercise, the
participant will be positioned in sitting with 90° of hip and
knee flexion, with the tips of the feet resting on a 15 cm step.
The exercise will consist of raising the heel as much as possible, keeping the toes in contact with the step, followed by
a slow lowering of the heel to the maximum possible dorsiflexion range of motion (figure 4) (30). Additional load for
this exercise will be imposed with a bar with weights which
will be positioned on the thighs of the participant, the bar
surrounded by padding to avoid discomfort.
Hip Extensors strengthening
The single-limb deadlift will be the exercise performed
to strengthen the hip extensors of the KCG athletes. For
this exercise, the participant will stand only in one leg and
performs an anterior lean of the trunk keeping the spine
erect until the trunk is parallel to the ground, later returning
to the initial position (figure 4) (31). Loads will be added
with dumbbells in the hands of the participant. This exercise will be carried out bilaterally to avoid asymmetric loads
during the landing of a jump (26).
Knee Extensors strengthening
The squat exercise (figure 4) will also be performed by the
KCG athletes, in order to strengthen the knee extensor
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muscles, which have been shown to be weak in this population (32), and to provide progressive load to the patellar
tendon (4). The exercise will be performed with the exact
same parameters used by the HSG (table I).
Jump Landing Strategy Modification training
From the fourth week of intervention, in addition to strengthening exercises, participants will perform an exercise to change
their landing strategy. The participant will receive verbal
instructions to land softly, minimizing the impact of the landing. Landing with a forward trunk lean and greater hip flexion
will be encouraged, with the aim of increasing the contribution
of the hip muscles to dissipate ground reaction force, in order
to decrease the forces in the patellar tendons (26). The instructions given to the participant will be as follows: “Keep your
knees slightly bent before landing and try to land as softly as
possible. Lean your trunk forward and project your hips back
as you bend your knees, in order to minimize the impact of the
landing. Pay attention to the sound of your landing and use this
information to help you to land more softly”. After each jump
landing, feedback will be given to the participant if he does not
incorporate one or more of these recommendations into his
strategy. At each session of the intervention, the participant will
perform drop vertical jump landings with a bipodal support
of a 30 cm box in 2 sets of 10 repetitions, with 5 seconds rest
between landings and 1 minute between sets (figure 4) (26).
Interventions to improve dorsiflexion
A cut-off angle of 36° in the lunge test has been previously determined as a risk factor for patellar tendinopathy in
athletes (9). For participants of the KCG with dorsiflexion
movement restriction (lunge results < 36°), interventions
to improve range of motion will be pragmatically implemented. It has been suggested that interventions directed
at tissue that is limiting the movement are more effective
to improve ankle dorsiflexion range of motion (33). In this
sense, both joint mobilizations and muscle stretching would
be important to increase the range of motion and, therefore,
will be performed in these participants of the KCG.
Joint mobilizations with movement will be performed with an
inelastic belt around the tibia of the participant’s affected limb
and the waist of the therapist. For the mobilization technique,
the therapist will apply a sustained posteroanterior glide to the
tibia through the belt by leaning backwards, which causes a
posterior glide of the talus in the ankle mortise (34). Then, the
participant will be instructed to perform a slow dorsiflexion
movement until the first onset of pain or end of range (figure
4). Once this point is reached, the glide will be maintained
for 10 seconds. The participant will then return to the initial
standing position and the mobilization force will be released.
Each set of mobilization will consist of 4 glides, followed by a
Muscles, Ligaments and Tendons Journal 2022;12 (3)
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20-second rest period. Four sets of mobilizations with movement will be applied in each treatment session (34).
The soleus muscle stretch will be done with the participant standing with his hands on a wall, the lower limb to
be stretched positioned behind, keeping the entire foot in
contact with the ground and the toes pointing forward.
From this position the participant will flex both knees, until
reaching the limit of movement without lifting the heel of
the ground (figure 4) (35). The stretch position will be held
for 30 seconds and will be repeated 3 times, with a period of
10 seconds between the stretches.

Load monitoring during daily activities and
adverse effects
Participants will be allowed to continue practicing the
sporting modality they usually practice, only being asked
to avoid activities that cause pain greater than or equal to
3/10 in the VAS (4, 26). Participants will be instructed not
to change their daily routines and to record the number
and duration of training sections. Participants will be asked
to refrain from seeking other treatments during the study
period, but analgesia and anti-inflammatory drugs will be
permitted (18). All medication use and co-interventions will
be recorded. If any pain medication is used during the intervention period, the participants will be asked to record the
amount and dosage of each drug, reporting this information
in the post-intervention evaluation (18, 36). If the participants experience any adverse event at any time during the
study, they will be asked to report it to the investigators. All
adverse events will be included in the final manuscript.

Statistical analysis
Statistical analyses will be performed using SPSS software
(version 17.0; SPSS Inc, Chicago, IL). Data normality and
homoscedasticity will be verified with the Shapiro-Wilk
and Levene tests, respectively. General linear models will
be used to compare the results obtained at baseline, after 6
weeks of interventions, immediately after the interventions
and six months after the interventions of both groups, with
a significance level of 5% in all analyses. An intention-totreat analysis will be used for the analysis and the statistician
will remain blind to groups.

DISCUSSION
Considering that strength and range on motion impairments
in different segments of the kinetic chain may increase patellar
tendon overload, rehabilitation programs that focus only on
progressively loading the patellar tendon with quadriceps-focused exercises may not be ideal, especially for the long-term.
To our knowledge, this is the first clinical trial that focuses on
Muscles, Ligaments and Tendons Journal 2022;12 (3)

verifying the effects of an intervention addressing kinetic chain
factors known to be associated with patellar tendinopathy, in
comparison to a progressive patellar tendon loading program.
A recent study from our research group found that an
in-season prevention program addressing kinetic chain
factors, such as hip extensors strength and ankle dorsiflexion range of motion, significantly decreased the incidence of
patellar tendinopathy in jumping athletes (37). In a previous study we also observed promising long-term results of
pain and function improvements in a volleyball athlete with
patellar tendinopathy that was treated solely with hip extensors strengthening exercises and a jump-landing strategy
modification (26). It is possible that these promising results
are occurring due to a better load distribution between the
different joints of the lower limb during their sport participation, which potentially decreased the overload in the knee
joint. However, randomized controlled trials are necessary
to verify the effects of interventions addressing kinetic
factors in athletes with patellar tendinopathy.
The main strengths of this study come from the scientific rigor in terms of randomization, concealed allocation,
blinding and intention-to-treat analyses. These are important
aspects to be considered because if they are not accounted
for, they are strong sources of bias in clinical trials (38-40). In
addition to performing adequate randomization and allocation procedures, we will blind the participants, the researcher responsible for the evaluation of the outcomes and the
researcher responsible for the statistical analyses. An intention-to-treat approach will also be used for data analysis in
order to ensure an unbiased estimate of treatment effect (41).
Some limitations are also expected in the study. Blinding
of the therapist delivering the interventions will not be
possible due to the study design. As a way to minimize this
limitation, the therapist will deliver the treatments using
standardized procedures. Another limitation is the fact
that, although participants will be encouraged to undergo
three supervised treatments per week, they will be allowed
to take part in only one supervised treatment session per
week, with the possibility of telehealth or home unsupervised exercises for the remaining two weekly sessions. This
limitation will be minimized by the use of a training diary
where the participant will report the details of his unsupervised session (repetitions, load, etc.). Although this is a
limitation, we believe this approach more closely resembles
the reality of treatment of these patients. Finally, we will not
control the participants’ medication intake throughout the
study. However, medication intake will be monitored during
the study by means of a diary that will be delivered to participants on their baseline assessment. If significant differences in medication intake are observed during the study, this
variable will be accounted for in data analyses.
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CONCLUSIONS

DATA AVAILABILITY

In conclusion, this randomized controlled trial will compare
the effectiveness of an intervention addressing kinetic chain
factors to a standard patellar tendon progressive loading
program for the rehabilitation of athletes with patellar tendinopathy. The results of this study will expand the evidence
base on different exercise programs for patellar tendinopathy, and may aid clinicians in choosing the most appropriate
program for the treatment of athletes with this condition.

Data are available under reasonable request to the corresponding author.
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