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Abstract

Background: Patients diagnosed with patellar tendinopathy (PT) are commonly treated with
resistance training, although the most appropriate mode of resistance training is not clear.

The purpose of this study is to evaluate the newest evidence and provide an updated review
of what mode of resistance training provides the best effect regarding pain and function for

treating PT.

Methods: Systematic review with a narrative analysis using pain and function as primary
outcome measurements. Scientific databases were searched in December 2021 and included
Medline, CINAHL, Embase, PEDro, Epistemonikos and The Cochrane library. Studies
investigating resistance training as an intervention compared to other types of exercise
therapy or different modes of resistance training where included. The Cochrane risk of bias
tool for randomised trials were used to assess the risk of bias. The National Health and
Medicine Research Council Body of Evidence Framework was used to construct

recommendations for clinical practice.

Results: 11 randomised controlled trials were identified for this review. Two studies received
a low risk of bias, six received some concerns regarding risk of bias, while three had a high
risk of bias. Eccentric, concentric, isotonic, isometric, heavy slow resistance training,
moderate slow resistance training and progressive tendon loading exercise were the

different modes of resistance training included.

Conclusion: The findings of this systematic review support the use of eccentric and heavy
slow resistance training in treating patellar tendinopathy (grade B), while concentric
exercises should not be the treatment of choice (grade D). Isotonic and isometric exercises is
a satisfactory option (grade C). Moderate slow resistance and progressive tendon-loading

exercises appears effective, but further research is needed (grade C).

Keywords: Patellar tendinopathy, Resistance training, Rehabilitation, Eccentric, Heavy slow

resistance training



Abstrakt

Bakgrunn: Pasienter diagnostisert med patellar tendinopati behandles vanligvis med
styrketrening, selv om den mest effektive modaliteten ikke er funnet. Hensikten med denne
studien er a evaluere den nyeste forskningen og gi en oppdatert oversikt over hvilken type
styrketrening som gir best effekt med tanke pa smerte og funksjon ved behandling av

patellar tendinopati.

Metode: En systematisk oversikt ved bruk av narrativ analyse med smerte og funksjons som
utfallsmal. Et litteratursgk ble gjort i desember 2021, i databasene CINAHL, Embase, PEDro,
Epistemonikos og Cochrane library. Studier som sammenlignet styrketrening med annen
type treningsterapi eller forskjellige typer styrketrening ble inkludert. Cochrane risk of bias
verktgy ble brukt for @ vurdere faren for skjevhet. National Health of Medicine Research
Council Body of Evidence Framework ble brukt for a gi anbefalinger for implementering i

klinisk praksis.

Resultat: 11 randomiserte kontrollerte studier ble inkludert i denne systematiske oversikten.
To studier hadde en lav risiko for skjevhet, seks hadde noen bekymringer med tanke pa
skjevhet, og tre hadde stor risiko for skjevhet. De involverte styrketrenings metodene var
eksentrisk, konsetrisk, isotonisk, isometrisk, heavy slow resistance, moderate slow resistance

og progressive tendon-load.

Konklusjon: Denne systematiske oversikten stgtter bruken av eksentriske og heavy slow
resistance gvelser ved behandling av patellar tendinopati (karakter B), mens konsentriske
gvelser ikke burde vaere en foretrukket behandlingsmetode (karakter D). Isotoniske og
isometriske gvelser er en tilfredsstillende behandlingsmetode (karakter C). Moderate slow
resistance og progressive tendon-loading @velser viser gode resultater, men videre forskning

er ngdvendig (karakter C).

Ngkkelord: Patellar tendinopati, styrketrening, rehabilitering, eksentrisk, heavy slow

resistance
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Introduction

In our clinical practice as physiotherapists, we often meet patients with knee pain, and
patellar tendinopathy (PT) is one of the most prevalent knee conditions we encounter in
active adults. As health providers, our focus and aim are to aid the patient through an
effective and efficient rehabilitation, guided by evidence-based practice. Over time, research
and recommendations for rehabilitation of patellar tendinopathy have evolved and been
updated, paralleling other recommendations in the field of physical therapy. In order to
uphold an evidence-based practice, one of the key elements is to be updated on research.
International guidelines such as “UpToDate” (1) and “BMJ Best Practice” (2) are of great
help. However, some guidelines are infrequently updated or are too generic to provide us
with confidence when meeting individual patients in hectic workdays — where time
constraints can be a barrier to seek and evaluate new research. We experience uncertainty
regarding what mode of resistance training we should recommend when meeting patients
with PT. Thus, we want to take a closer look at the newest research in the field of resistance
training in rehabilitation of patellar tendinopathy. Following the evidence hierarchy used in
evidence-based practice (EBP) (3), we seek to perform a systematic review of randomized
controlled trials that investigate the effect of resistance training or strength training
compared with other types of resistance training or exercise interventions. The aim of a
systematic review is to summarize the available evidence in the field through a specified
plan and process. This project is done within a biomedical framework, where information
about participants is quantified and then analyzed using statistical methods. However, the
researcher still interprets their data and their findings from their perspective and based on
their experiences and beliefs. As researchers, we must strive to be aware of how our
preconceptions influence how we approach this study. Also, using quantitative
methodology, vital information from the participants, such as beliefs, experiences and

expectations may not be captured. This is in accordance to the post-positivism (3, 4).

In chapter 1 we will present a theoretical background about patellar tendinopathy and
earlier research on the field of physical training in rehabilitation of PT. The method chapter

will provide an understanding of the procedures used for collecting, screening, and



evaluating the data material. In the results chapter, we will present the included studies in a
table and give a narrative description of the results. We will proceed to discuss the

methodology and findings in further detail in chapter 3.

1. Background

1.1 Patellar tendinopathy

PT, also known as jumper’s knee, is a common overload injury frequently seen in sports that
involve repetitive explosive movements such as jumping, running and turning (5, 6). The pain
is often located to the inferior pole of the patella, and in the patellar tendon as increasing
loads infers increasing demands on the knee extensors. In addition, tenderness, swelling and
change in tendon structure may be found upon palpation of the patellar tendon (7). PT is
usually a clinical diagnosis, but ultrasound (US) or magnetic resonance imaging (MRI) may be
used to investigate structural changes in the tendon (8, 9). There is variance in the reported
prevalence of PT depending on activity level, sport and sex. The reported prevalence in
recreational athletes is 2.5% to 14%, and as high as 45% of all elite men volleyball players
(10, 11). The pain associated with the condition may reduce the physical function and impair
athlete sports participation. Cook et al. (5) report that of all athletes seeking help in sports
medicine clinics due to PT, 33% are unable to participate in sports for at least six months.
Individuals with PT also report impaired ability to perform physically demanding work (12).
Pain and function have been validated and operationalized through the Victorian Institute of
Sports Assessment questionnaire for patellar tendon (VISA-P) and are widely used as
outcome measure in clinical practice for patients with PT as it is known as a favourable tool

for assessing the severity of the condition (13).

1.2 Physiology

A tendon is a group of musculoskeletal tissue that transfers force from the muscle to bone
and consists of different types of collagen fibres bundled together (14). A tendon is stronger
per unit than a muscle, has a durability equal to bone, is flexible and has the ability to
expand (14). Human tendons respond to increased loading by becoming stiffer; mechanics
that support this adaptation include tendon hypertrophy (increased tendon cross-sectional

area) and improvement in tendon material (Young’s modulus) (15-17). Young’s modulus is



the elastic modulus of the tendon tissue; the ratio of tensile stress to tensile strain (17). This
process is often called mechanotransduction, where cells sense and respond to mechanical
loads (18). During loading and stress the tendon elongates, and the fibres become more
parallel. If this stress continues micro failures will occur, which is a normal response, but if
the loading of the tendon continues, the healing process may cease, and pain can occur (19).
Regarding PT, there are several causes for the development of the clinical impairments:
excessive loading and poor technique, muscle strength and flexibility. This will again cause
an inflammatory response, including T and B lymphocytes, macrophages and increased
levels of interleukin-6, that can be seen in both early overload stages and in established
tendinopathy (20). In microscopic assays, the tendon is characterized by abnormal collagen,
tenocytes and vasculature, in addition to disordered fibres and bundles of collagen that are
replaced by necrotic and degenerative tissue with signs of micro tearing (8, 19). These
abnormalities can be found in different areas of the tendon, such as the main body of the
tendon, its insertion, and other structures surrounding the tendon (19). This leads to the
stiffness and Young’s modulus is reduced (16). Restoration of normal function of the tendon
requires resettlement of tendon fibres, gliding mechanism and the surrounding structures
(14). Studies have shown that by implementing therapeutic exerices for these conditions,
remodelling and tissue repair will occur (18), and that similar loading on different tendons

gives similar flexible responses (21).

1.3 Resistance training

Resistance training, or strength training, is an exercise program that provides progressive
overload to the skeletal muscles with the intent of increasing muscle strength (22). The
overload principle results in different adaptations in the muscular system depending on the
type, frequency, intensity, and duration of exercise (22). The muscular action in resistance
training may be eccentric, concentric, isometric or isotonic. Resistance training principles of
overload, specificity and progression secures subsequent adaptations after the initial phase
of training, as the tissue only adapts to the specific stimulus created (23, 24). In other words,
the adaptations rely on the design of the resistance training program. Several methods may
be used to achieve progressive muscle overload. One of the most known methods is to
consistently use repetition maximum (RM) where the load will increase automatically in

ratio to increased muscle strength (23). The instruction can be in percentage of 1 RM, or it



may be submaximal where the instruction states the number of RM to be completed.
Alfredson et al. (25) had great success with their heavy-load eccentric program in treatment
of Achilles tendinopathy. This program allows for soreness and some pain during and after
exercise. Consequently, pain has, to some degree, been acceptable and used as index to

assess load and progression during rehabilitation of tendinopathy (26).

1.4 Historical process and aim of this systematic review

The guidelines for treatment of PT are not conclusive. However, resistance training has been
recommended as the first-line treatment for several decades. The training protocol of
Alfredson et al. from 1998 (25) for Achilles tendinopathy led to increased research in the
field of tendinopathy. In 2007 Visnes and Bahr (27) published “The revolution of eccentric
training as treatment for patellar tendinopathy (jumper’s knee): a critical review of exercise
programmes” where they concluded that eccentric training was the most effective non-
surgical treatment option for patellar tendinopathy. However, Visnes et al. (26) showed that
eccentric training has reduced effect on athletes with PT during the competitive season.
Since then, there has been an ongoing discussion about which mode of resistance training
has the best efficacy on PT, especially in regards to different patient characteristics such as

activity level.

The first known systematic review addressing treatments for patellar tendinopathy was
published by Larsson et al. (6) in 2012. Their conclusion recommends physical training or
resistance training as the primary treatment of patellar tendinopathy. However, they

suggest future studies to analyse type of exercise, dosage, frequency and load.

As mentioned, physical rehabilitation has been recommended as the fundamental treatment
of tendinopathy for several decades. Nevertheless, there is uncertainty regarding what type
of training has the best effect in the treatment of PT. Multiple studies have explored
different types of resistance training in the rehabilitation of PT. Eccentric training (ECCT) and
heavy slow resistance (HSR) training have been the most explored measures (28, 29). To our
knowledge Lim and Wong (30) from 2018 is the first and latest systematic review addressing

the previously mentioned different types of resistance training in treatment of PT, without



evaluating other types of treatment, as for example extracorporeal shockwave therapy

(ESWT).

Accumulating evidence over the last years suggest that exercise may be beneficial for PT.
However, many of the studies compare exercise to no treatment or non-exercise
interventions. Given that exercise is recommended as the primary treatment for PT,
comparing exercise with other modes of exercise seems prudent. Therefore, this study seeks
to find and assess evidence from randomized controlled trials where different exercise
modes are compared, with the use of pain and/or function as an outcome measure. Our
findings may be helpful for determining the best approach for treatment of PT. As far as we

know, a knowledge synthesis on this topic has not yet been undertaken.

2. Methods

A population, intervention, control group and outcome form (PICO) was used to formulate
the research question, see table 1. By using this, the eligibility criteria were set, and main

search words were formed.

Table 1: PICO
Population Intervention Control group Outcome
Individuals diagnosed | Resistance training or Exercise therapy or Function and pain
with patellar strength training resistance training

tendinopathy

The research question for this study is “What mode of resistance training is more effective

on pain and function for individuals with patellar tendinopathy?”.

This study was conducted as a systematic review and aligns with the “Preferred Reporting
Items for Systematic Reviews and Meta-Analyses-MNA’s” (PRISMA-MNA) guidelines (31) and
was registered in the International Prospective Register of Systematic Reviews (PROSPERO

#CRD420221287389 on December 15, 2021) (32).



2.1 Eligibility

Studies reporting pain and function as outcomes in a PT population were included. Pain
could be reported during activity, and function is normally reported through VISA-P in
individuals with PT. The age criteria were > 18 years. However, we chose to include studies
with mean age over 18 years since older adolescents also are affected by PT. PT was
diagnosed clinically and/or by use of diagnostic imaging such as MRI or ultrasound.
Treatment criteria were all types of resistance training in the intervention group, and
resistance training or other types of exercise therapy in the comparison group. Studies with
other types of interventions, such as manual therapy, ESWT, injections or no treatment at all
in the intervention or comparison group were excluded. Previous treatment or duration of
symptoms of the condition was not a criterion. Neither was the type of population, such as
athletes/non-athletes, specific age range or sex. Only Randomized Control Trial (RCT) studies
were included, and inclusion criteria were set to studies published in English or Scandinavian

language due to limited time to translate.

2.2 Search strategy

A literature search was performed by the two authors on December 3, 2021, via Medline,
EMBASE, CINAHL, Epistemonikos, PEDro and The Cochrane library. The main search words
were “patellar tendinopathy” and “jumpers’ knee” in combination with different kinds of
medical subject headings (MeSH) terms, and variations for muscle contraction, resistance
training and load using boolean operators AND and OR. We also searched for synonyms of
tendinopathy, such as tendinitis, tendonitis and tendinosis. The searches were performed
using the search methods specified for the different databases with help from a librarian

(Appendix 1).

The articles identified from the initial search were screened by the two authors

individually using Rayyan (33), a research tool for screening and selecting studies with
blinding between the reviewers. In the first step, duplicates were removed, then eligibility
was judged by scanning titles and abstracts of identified studies. In the last step, the articles
were read in full-text and assessed for eligibility. Between each step, any discrepancies
between the authors were discussed and resolved by consensus. Previous systematic

reviews that were identified through the screening process, were screened for appropriate



RCTs. Additionally, the reviewers performed citation tracking via Google scholar and
reference screening of the included studies. Grey literature was search through Google
Scholar, Clinicaltrials.gov and Bielefeld Academic Search Engine (BASE), and screened for

possible missed unpublished studies.

2.3 Risk of bias — Strength of evidence assessment

The recently updated version of Cochrane “Risk of bias in randomized trials” (RoB 2) (34) tool
was used to assess the risk of bias for each of the included studies. This was performed
separately by the reviewers with the assessment form where each study was given a score of
low, some concerns or high risk of bias in the domains of the randomization process;
deviations from intended interventions; missing outcome data; measurement of the
outcome; selection of the reported result. An overall risk of bias score was determined
through a predefined algorithm summarizing the domains. Any disagreement between the

reviewers was resolved by mutual agreement.

The National Health and Medical Research Council’s (NHMRC) Body of Evidence Framework
and Evidence Hierarchy (35) was used to assess the level of evidence. The authors
individually used this guide to screen the included studies regarding level of evidence. In
addition to sum up the supported evidence in a statement using the five components of the
body of evidence framework: evidence base; consistency; clinical impact; generalizability;
applicability. If the authors did not agree on the grade of recommendation, it was resolved

by consensus discussion.

2.4 Data extraction

Key information from the included studies was extracted independently by the reviewers
and organized in table 2. This includes authors and year published, population characteristics
such as mean age, sex, duration of symptoms, activity level and if other types of training
were allowed during the study. Type of intervention and comparison is included, along with
a detailed description of loading and progression. The VISA-P ranges from 0-100 with a
higher score indicating less pain and better function. The score is described as mean and
between group difference, when possible, with p-value in the table. If not, the median is

included. The pain outcome is described as Visual Analogue Scale (VAS) from 0-10 or 0-100



when possible or with Numeric Rating Scale (NRS) from 0-10. Outcome data were extracted
at baseline, short term (4-6 weeks), medium term (12 weeks) and long term (24-52 weeks)

follow-up.

2.5 Data synthesis

We initially sought to conduct a meta-analysis as 10 out of 11 studies used VISA-P as
outcome measure. However, this was not possible due to lack of precise VISA-P scores in
several of the included studies. Due to time constraints, no researchers were contacted for
additional information about study characteristics or missing data. We concluded that a
meta-analysis of the available data would not give a representative result of the effect of
each exercise modality, and a narrative analysis was considered more appropriate. The
narrative synthesis was grouped by exercise modalities to give a better presentation of the

summarized generalizability and effect.

2.6 Ethical aspects

We found that there was a current need for this systematic review, and we have tried our
best to carry out the results from the primary studies in a correct and ethically sound
manner. The included studies are all approved by local ethics committees. No adverse
advents are reported in the studies, but one study stopped recruiting at half time control

due to ethical reasons as participants experienced increased pain (36).

3. Results

3.1 Search result

A total of 857 records were identified through our search strategy. After removing
duplicates, 423 records were screened by title and abstract. 55 reports were sought for
retrieval, and after help from an expert, 54 reports were retrieved and read in full text. A
total of 846 records were excluded from the initial search result, yielding 11 studies (36-46)
that were included in this systematic review (Figure 1). In the full-text assessment, most of
the excluded studies were due to publication type such as protocol articles. Dimitrios et al.

(47) was excluded due to its controlled trial design. Well-known studies that investigate



physical treatment of PT, like Visnes et al. (26) and Kongsgaard et al. (29) were excluded as
their comparison or control group did not meet the eligibility criteria of organized physical

exercise.

Figure 1: PRISMA flow diagram
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3.2 Study characteristics

The 11 studies (36-46) have a total of 327 participants (87% male) assigned to a total of 22
exercise protocols, as shown in table 2. There is some heterogeneity in the study populations
with regards to activity level and age, but all studies include participants that are physically
active, and the mean age range from 22,5 to 30,5 years. All the included RCT studies
compare two resistance training modes. Four studies hypothesized that one exercise mode
is superior to the comparator: Agergaard et al. (37) — HSR, Rio et al. and van Ark et al. (43,
45) — isometric, and McDonald (41) — eccentric with concentric exercise. Two studies (43, 45)
have the same clinical trial registration but are included as they present different
information regarding outcome measurement and follow-up time. Out of the 11 studies,
eccentric training is the most included modality — six studies; isotonic — five studies;
isometric — three studies; HSR — two studies; concentric — one study; eccentric + concentric —
one study; moderate slow resistance (MSR) — one study; progressive tendon-loading exercise
(PTLE) — one study. Follow-up measurements range from directly post intervention to 52
weeks post baseline predominates. VISA-P was used in 10 out of 11 studies included. VAS or

NRS was used in 10 studies for reporting pain during activity.
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Table 2: Study characteristics, interventions and outcomes in the individual studies

Study
(year)

Agergaard et
al. (36)(2021)

Breda et al.
(37) (2021)

Population

N=42

Age (mean): 30,5y
42M

Activity level:
recreational athletes,
mean 8 h/w.

DOS (Mean):

7,1 months

Activity allowed:

Yes if pain NRS-score < 3
points

N=67

Age (mean): 24y

58M, 9F

Activity level:

athletes,

atleast 3 t/w.

DOS (Median IQR):
24,6 months.

Activity allowed:

Not in intervention
group. Allowed after 4
weeks in comparison
group if pain VAS-score
= 3 points (scale 0-10).

Intervention

MSR (55% of 1RM) exercise
for 12w (n=21)

3 sessions per week.

Bilat leg press.

Unilat knee ext.

3 sets x 15-7 reps with 3 sec
CON and 3 sec ECC phase per
rep.

Progression: every second
week 5RM submaximal test.

PTLE for 24w (n=37)

4 stages with specific
approach:

Stage 1: daily isometric
exercises.

Stage 2: isometric exercises
on every first day, and
isotonic (dynamic) exercises
on every second day.

Stage 3: same asstage 2 +
plyometric (energy storage)
loading and running exercises
on every third day.

Stage 4: sport-specific
exercises on every 2-3 day
with isometric exercises from
stage 1 on remaining days.

Stage progression criteria:
pain provocation test: VAS-
score = 3 points (scale 0-10).
Each stage completed for at
least 1 week.

Comparison

HSR exercise (55% - 90% of
1RM) for 12w (n=21)

3 sessions per week.

Bilat leg press.

Unilat knee ext.

3 sets x 15-4 reps. with 3 sec
CON and 3 sec ECC phase per
rep.

Progression: every second
week 5RM submaximal test.

Pain-provoking EET for 24w
(n=30)

2 stages with specific
approach:

Stage 1: pain provoking EET
with SLDS, twice daily in 12
weeks. Pain VAS-score = 5
points (scale 0-10).

Stage 2: sport-specific
exercises + stage 1 exercises
twice a week.

Stage progression criteria:
complete adherence to stage
1, and pain VAS-score = 3
points (scale 0-10) with
additional weights during
eccentric exercises.

Outcome (VISA-P, points 0-100)

Intervention

Mean = SEM
(95% ClI)

Baseline:

59.9 + 2.5 (54.8 to
65.0)

12 weeks:
72.5+2.9 (66.5 to
78.5)

52 weeks:
82.6+2.5(77.4to
87.8)

Significant effect
of time from
baseline to 12 and
52 weeks

(p <0.01 and

p < 0.0001
respectively).

Unadjusted mean
(SD)

Baseline:
55.0+13.1

12 weeks:
71.2+13.8

24 weeks:
82.8+13.1

Baseline — 12
weeks: 16,2

Significant within-
group
improvement
from baseline to
12 and 24 weeks
(p < 0.001).

Comparison

Mean + SEM
(95%Cl)

Baseline:

58.8 +4.3 (49.8 to
67.8)

12 weeks: 70.5 +
4.4 (61.3 to 79.7)
52 weeks: 79.7
4.6 (70.0 to 89.4)

Significant within-
group
improvement
from baseline to
12 and 52 weeks
(p <0.01 and

p < 0.0001
respectively).

Unadjusted mean
(SD)

Baseline:
55.6+13.2

12 weeks:
67.7+15.4

24 weeks:
73.7%17.3

Baseline — 12
weeks: 12,1

Significant within-
group
improvement
from baseline to
12 and 24 weeks
(p <0.001).

Between-group
difference
Mean

Baseline: 1.1
12 weeks: 2.0
52 weeks: 2.9

No significant
difference between
groups

Unadjusted mean
Baseline:

-0.6

12 weeks:

3.5

24 weeks:

9.1

No significant
difference between

groups after 12 weeks

(p = 0.69).

Significant difference
between groups after

24 weeks in favour
PTLE
(p =0.023)

Pain
(VAS or NRS)

NRS measured during
different activities at
baseline, 6-, 12- and 52
weeks.

NRS during SLDS test
decreased significantly
from baseline to 12
weeks in both groups (p
< 0.0001), but not from
12 weeks to 52 weeks
(MSR: p=0.73; HSR: p =
0.37).

N/A
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Cannell et al.

(39) (2001)

Frohm et al.
(40) (2007)

Jonsson and
Alfredson
(36) (2005)

N=19

Age (mean): 26y

13M, 6F

Activity level:

athletes, no time info.
DOS (Mean): 3,7 months
Activity allowed: No

N=20

Age (mean): 27y

16M, 4F

Activity level:
competitive and
recreational athletes, no
time info.

DOS: Continuous over 3
months or recurrent
over 6 months.

Activity allowed: Yes,
after 6 weeks

N=15, 19 tendons Age
(mean): 24.9y

13M, 2F

Activity level:

athletes, no time info.
DOS (Mean): 17,5
months

Activity allowed: after 6
weeks if no severe pain.

ECC exercise for 12w (n=10)
One session a day, 5 days per
week.

Drop squat.

3 sets x 20 reps body weight +
specific increasing hand
weights when drops were
completed easily.

Brosman ECC overload
training for 12w (n=11)
2 sessions of 70 min per
week.

ECC squats in hydraulic
machine.

4 sets x 4 reps.

Progression:
First set warm up, remaining 3
sets maximum effort.

ECC quadriceps training for
12w (n=10)

Sessions twice a day, 7 days
per week.

ECC SLDS to 70° knee flexion.
3 sets x 15 reps.

Progression: Individual load
adjustment based on desire of
pain provoking training.

Isotonic exercise for 12w
(n=9)

One session aday, 5 days per
week.

Leg ext.

Leg curl.

3 setsx 10 reps. Starting with
5 kg weight on leg ext. and 2.5
kg on leg curl. Specific
increasing weights when able
to complete 3 sets x 10 reps.

One-legged standard ECC
training according to Curwin
for 12w (n=9)

2 sessions of 70 min per
week.

ECC SLDS: 3 sets x 15 reps.

Progression:
5 kg increased load if VAS-
score < 3 for a set.

CON quadriceps training for
12w (n=9)

Sessions twice a day, 7 days
per week.

Concentric SLDS from 70°
knee flexion.

3 setsx 15 reps.

Progression: Individual load
adjustment based on desire of
pain provoking training.

N/A

Median (95% Cl)
Baseline: 49 (38

to 61)

12 weeks: 86 (71
to 92)

Significant within-
group
improvement
from baseline to
12 weeks

(p <0.001).

Mean (SD)
Baseline:

41.1+17.9
12 weeks:
83.3123.4

Significant within-
group
improvement
from baseline to
12 weeks

(p < 0.005).

N/A

Median (95% ClI)
Baseline: 36 (23

to 61)

12 weeks: 75 (46
to 83)

Significant within-
group
improvement
from baseline to
12 weeks

(p <0.001).

Mean (SD)
Baseline:
40.7£16.3
12 weeks:
37.0+4.6
p <0.34

No significant
within-group
improvement
from baseline to
12 weeks

(p <0.34).

N/A

Median
Baseline: 13
12 weeks: 11

No significant
difference
between groups

Mean
Baseline: 0.4
12 weeks: 46.3

Significant
difference after
12 weeks in
favour eccentric
quadriceps
training

(p < 0.001)

VAS-score (1-10)

No exact numbers
mentioned, significant within
group pain reduction (p <
0.01) in both groups at 12
weeks. No significant
between-groups difference.

VAS-score (0-10)
Intervention:
Baseline: median 4
12 Weeks: median 0
p=0.003

Comparison:
Baseline: median 5

12 Weeks: median 1
p=0.008

VAS-score (0-100)
Mean (SD)
Intervention:
Baseline:
72.746.2

12 weeks:
22.5+26.4

p < 0.005

Comparison:
Baseline:

74.3£16.6
12 weeks:
68.0+18.5
p<0.34

Significant between-group
difference after 12 weeks in
favour eccentric quadriceps
training (p < 0.01).
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MacDonald
etal. (41)
(2019)

Pearson et al.
(42) (2018)

Rio et al. (43)
(2016)

N=31

Age (mean): 29y
29M, 2F

Activity level:
active-duty soldiers.
DOS (Mean): 10,8
months

Activity allowed: Yes

N=16

Age (mean): 28y

16M

Activity level:

active in sports, no time
info.

DOS: 148,2 months
Activity allowed: No

N=20

Age (mean): 22,5y
18M, 2F

Activity level:

subelite and elite
athletes, no time info.
DOS: Not specified.
Activity allowed: Yes

ECC plus CON training for 12w
(n=14)

ECC SLDS:

sessions twice a day, 7 days
per week. 3 sets x 15 reps.
Concentric hip muscle
strengthening exercises:
Sessions three times per
week. 3 sets x 10 reps,

Progression: Individual load
adjustment based on desire of
pain provoking training.

Short duration ISO for 4w
(n=8)

Isometric leg ext.

5 times per week

24 sets x 10sec ISO
contraction, 20sec rest
between sets.

1SO training for 4w (n=10)
4 sessions per week
Single leg ext. machine:

5 sets x 45sec hold at 60 °
flexion at 80% MVIC

ECC training for 12w (n=17)

ECCSLDS:
sessions twice a day, 7 days
per week. 3 sets x 15 reps.

Progression: Individual load
adjustment based on desire of
pain provoking training.

Long duration ISO for 4w (n=8)
Isometric leg ext.

5 times per week

6 sets x 40sec ISO contraction,
80sec rest between sets.

Isotonic training for 4w (n=10)
4 sessions per week

Leg ext. machine: 4 sets x 8
reps. with 4sec ECC and 3sec
CON phase per rep at 80%
8RM

MeantSD
Baseline:

51.8+13.7
4 weeks:

52.7+25.2
12 weeks:
63.8+25.1
24 weeks:
72.0+28.0

No significant
within-group
improvement
from baseline to
12 weeks

(p =0.105) but
significant within-
group
improvement
from baseline to
24 weeks
(p=0.002)

Median (IQR)
Baseline:
53 (14.5)
4 weeks: N/A

Median (range)
Baseline:

72.5 (13-88)

4 weeks:

84 (41-100)

Mean+SD
Baseline:

51.7+14.2
4 weeks:

60.5+11.9
12 weeks:
67.3+16.1
24 weeks:
70.4+18.8

Significant within-
group
improvement
from baseline to
12 weeks

(p =0.002) and
baseline to 24
weeks (p = 0.001)

Median (IQR)
Baseline:
58 (12.8)
4 weeks: N/A

Median (range)
Baseline:

69.5 (46-83)

4 weeks:

80 (60-94)

Mean
Baseline 0.1
4 weeks: 7.8
12 weeks: 3.4
24 weeks: 1.6

No significant
difference
between groups
at any timepoint.

N/A

Median
Baseline: 3.0
4 weeks: 4.0
p=0.99

No significant
between-groups
difference at 4
weeks.

VAS-score (0-10)
Mean (SD)
Intervention:
Baseline:
4.1+2.0

4 weeks:
3.5+2.3

12 weeks:
29+2.2

24 weeks:
19+1.9

p <0.093 at 12 weeks

Comparison:
Baseline:

3.9 £1.7

4 weeks:

3.7 1.9

12 weeks:

23+1:8

24 weeks:

26+20

p < 0.004 at 12 weeks

No significant between-groups
difference.

VAS-score (0-10) during SLDS.

Not stated in numbers, just figure 2.
Significant reduction in pain in both
groups (mean difference = 1.66, 95% Cl,
0.13-3.19, p < 0.01).

No significant between-groups
difference.

NRS (0-10) during SLDS before and after
every session.

Intervention:

Mean+SD change = 1.8+0.39

Comparison:
Mean+SD change = 0.9+0.25

Significantly greater immediate
analgesia with isometric training then
isotonic training.
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Ruffino et al.

(44) (2021)

Van ark et al.

(45) (2016)

Young et al.
(46) (2005)

N=41

Age (mean): 29,6y
40M, 1F

Activity level:
recreational athletes,
mean 5,4 h/w.

DOS (Mean):

13,4 months

Activity allowed: Yes

N=20

Age (mean): 23y
27M, 2F

Activity level:
subelite and elite
athletes, at least 3
times/w

DOS (mean): 35.8
Activity allowed: Yes

N=17

Age (mean): 27,3y
13M, 4F

Activity level:

elite athletes.

DOS: Not specified
Activity allowed: Not
specified, preseason
intervention.

Inertial flywheel resistance
training for 12w (n=20)

3 sessions per week.
Three inertial flywheel
machines:

two-legged squat,

leg press and knee ext.

4 sets x 10 reps.

Progression:

Week 1-6: 2.5 kg flywheel
(moment inertia 0.05 kg/m?)
Week 6-12: 4 kg flywheel
(moment inertia 0.10 kg/m?)

ISO exercise for 4w (n=10)
4 sessions per week
Single leg ext. machine:

5 sets x 45sec hold at 60 °
flexion with 80% MVC

Progression: increasing
weight by 2.5% every week if
possible.

ECC decline squat for 12w
(n=9)

Twice a day

ECC SLDS to 60 ° knee flexion
3 sets x 15 reps.

Progression: adding 5 kg
increased load to a backpack
in increments.

HSR training for 12w (n=21)
3 sessions per week.
Two-legged squat.
Two-legged press.
Two-legged hack squat.

4 sets x 15-6 RM with 3 sec
CON and 3 sec ECC phase per
rep.

Progression:
RM reduction in specified
weeks.

Isotonic exercise for 4w
(n=10)

4 sessions per week

Single leg ext. machine:

4 sets x 8 reps. with 4sec ECC
and 3sec CON phase per rep
at 80% 8RM

Progression: increasing
weight by 2.5% every week if
possible.

Isotonic step squat for 12w
(n=8)

Twice a day

Single leg ECC and CON squat
on 10 cm step

3 sets x 15 reps.

Progression: adding 5 kg
increased load to a backpack
inincrements.

Baseline

6w

12w

Not stated in
numbers, just
figure 2.

Significant within-
group
improvement
from baseline to
12 weeks.

Median (IQR)
Baseline (n=8):
66.5 (59.5-75.8)
4 weeks:

75.0 (72.5-87.0)

Significant within-
group
improvement

(p =0.028)

Mean (SD)
Baseline, 12 and
52 weeks: not
stated in
numbers, just
figure 3A.
Significant within-
group
improvement at
12 and 52 weeks
(p < 0.05).

Baseline

6w

12w

Not stated in
numbers, just
figure 2.

Significant within-
group
improvement
from baseline to
12 weeks.

Median (IQR)
Baseline (n=10)
69.5 (55.0-75.8)
4 weeks:

79.0 (67.0-86.0)

Significant within-
group
improvement (p =
0.003)

Mean (SD)
Baseline, 12and
52 weeks: not
stated in
numbers, just
figure 3A.
Significant within-
group
improvement at
12 and 52 weeks
(p < 0.05).

N/A

No statistically
significant
between-groups
difference.

Median (IQR)
Baseline: 12.5
4 weeks: 4.0

No significant
between-groups
difference.

Not stated in
numbers

No significant
between-groups
difference at any
time.

VAS-score (0-10) during
SLDS.

Mean (95% Cl)
Intervention:

Baseline:

7.2 (6.4-8)

12 weeks:

3.7 (2.44-4.96)
Comparison:

Baseline:

6.2 (5.34-7.06)

12 weeks:

2.9 (2.04-3.76)

No significant between-
groups difference at 12
weeks (p = 0.286)

NRS (0-10) during SLDS
Median (IQR)
Intervention

Baseline: 6.3 (5.3-7.0)
4 weeks: 4.0 (2.0-5.0)
Comparison

Baseline: 5.5 (4.0-6.0)
4 weeks: 2.0 (1.0-3.0)

No significant between-
groups difference at 4 weeks
(p=0.208)

VAS-score (0-10) during
weekly activity

Mean (SD)

Baseline, 12 and 52 weeks:
not stated in numbers, just
figure 3B.

Significant within-group
improvement at 12 and 52
weeks (p < 0.05).

No significant between-
groups difference

Note. ClI: Confidence interval; CON: Concentric; DOS: Duration of symptoms; ECC: Eccentric; EET: Eccentric exercise therapy; Ext: Extension; F: Female; HSR: Heavy slow resistance; ISO: Isometric; IQR: Interquartile
range; M: Male; MSR: Moderat slow resistance; MVC: Maximal voluntary contraction; MVIC: Maximal voluntary isometric contraction; N/A: Not available; NRS: Numeric Rating Scale; PTLE: Progressive tendon-loading
exercises; Reps: repetition; RM: Repetition maximum; SLDS: Single leg decline squat; VAS: Visual analogue scale; VISA-P: Victorian Institute of Sport Assessment questionnaire, patellar tendon; y: y
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3.3 Risk of bias — Strength of evidence assessment

The RoB 2 was used to assess the risk of bias (34). Breda et al. (38) and Agergaard et al. (37)
had a score of low risk in all the components and received a total score of low risk. Six
studies earned a total score of some concerns regarding the risk of bias (39, 40, 42-44, 46).
This was due to of lack of outcome measurement (three out of six) and due to no
information regarding if the pre-specified analysis plan was finalized priori to complete data
collection (six out of six). The randomization process in Pearson et al. (42) was deemed to be
of some concern. Three included studies received a high risk of bias score (36, 41, 45).
Jonsson and Alfredson (36) had missing outcome data and deviations from the intended
intervention and the latter also pertains to Van ark et al. (45) and Macdonald et al. (41). The
score and summary of all studies are shown in figure 2. See appendix 2 for further

information about each study.

Figure 2: Risk of Bias for randomized controlled trials — individual studies

Deviations Selection of

Missi
Randomization from the tssing Outcome the
Study i outcome Overall
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al. (2016)
Young etal.
(2005)

Note: Low risk =", some concerns =, high risk = &

15



Regarding the level of evidence using the NHMRC (35), all studies in this review were
randomized controlled trials and therefore earned a Level Il score of evidence. Considering
the Body of Evidence Framework, we opted to categorise the studies based on type of
muscle action used in the intervention or the comparison group. They were divided into
either isometric, concentric, eccentric, isotonic, eccentric combined with concentric, MSR,
HSR or PTLE. There is good evidence for eccentric exercise and HSR training in treating PT
(grade B). Grade C was given to isometric, isotonic, MSR and PTLE, and provides some
support for recommendations for use in clinical practice. MSR and PTLE were included in
only one study each and could therefore not receive a higher grade than C. Concentric and
eccentric combined with concentric, earned a score of grade D which means that the grade
of recommendation is weak and this mode of resistance training should be applied with
caution in the treatment of PT. The grade of recommendation is summarized in table 3. See

appendix 3 for the body of framework of each intervention.

Table 3: Grade of recommendations, NHMRC

Grade of Description
recommendation

A Body of evidence can be trusted to guide practice
B Body of evidence can be trusted to guide practice in
most situations

C Body of evidence provides some support for
recommendation but care should be taken in its
application

D Body of evidence is weak, and recommendation must be

applied with caution

Overall Isometric Concentric Eccentric Isotonic Eccentric MSR HSR PTLE
+
Concentric
Evidence base (G D B € D B B B
Concistency B NA B B NA NA B NA
Clinical impact © D B B D B B B
Generalizability | B B B B C B B B
Applicability B B B B B B B B
Overal C D B C D C B G
recommendation

16



3.4 Exercise modalities

3.4.1 Eccentric

Six studies (36, 38-41, 46) with a total of 94 participants, 85% men, with different description
of activity level (sub- and elite athletes, active-duty military, athletes, competitive- and
recreational athletes) were randomized to seven protocols. Five protocols (36, 38, 40, 41,
46) utilized 25-degree single leg decline squat (SLDS) where the eccentric phase is done on
the affected leg, while the unaffected leg is used as support back to starting position to avoid
concentric phase. Cannell et al. (39) applied two-legged drop squats where the knees unlock
rapidly and drops from standing position until the thighs are short of parallel to the ground.
Frohm et al. (40) compares two different eccentric exercises where one is SLDS and the
second is Brosman overload squat in a hydraulic machine. Three programs are described as
pain-provoking (VAS-pain = 5 point) and four completes exercise with acceptable pain (VAS-

pain < 5 points). All protocols have load progression based on VAS-pain scores.

Studies utilising eccentric SLDS showed significantly increased VISA-P score from baseline to
12 weeks. Breda et al. (38) and Young et al. (46) also showed significant improvement from
baseline to long-term at 24 and 52 weeks. Both eccentric protocols of Frohm et al. (40)
showed significant improvement from baseline to 12 weeks. All except Breda et al. (38) used
VAS-pain during activity as outcome measurement and showed significant reduction in pain

12 weeks after baseline.

3.4.2 Heavy Slow Resistance

HSR training was investigated in two studies (37, 44). A total of 42 participants, 41 men, with
mean age of 30 and 31 years and activity level set to recreational athletes were allocated to
this modality. Both training protocols lasted for 12 weeks with 3 sessions per week, and had
a specific plan for load progression for each training week. There were some differences
regarding exercises and total volume (sets and repetitions) between the two protocols. Each
study performed the exercises with a total of 6 seconds per repetition; 3 seconds in

concentric phase and 3 seconds in eccentric phase.

Both studies (37, 44) used VISA-P as primary outcome and showed significant improvement

from baseline to 12 weeks. Agergaard et al. (37) also showed significantly improved VISA-P
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score from 12 weeks to 52 weeks follow-up. Both studies reported reduced pain score

during SLDS from baseline to 12 weeks.

3.4.3 Isotonic

Five studies (39, 43-46) investigated some form of isotonic exercise where both concentric
and eccentric phase are a part of the exercise. Two studies (43, 45) operate with the same
exercise protocol and participants, but with different measurement time. The total of unique
participants is 48, with a blend of all levels of active athletes. The mean age ranges from 23
and 30 years, with few women included. All except two had training protocols that lasted for
12 weeks, but with different training design. van Ark et al. (45) and Rio et al. (43) protocol
lasted for 4 weeks aiming to investigate short-term pain relief with same design only
different measurement time. Ruffino et al. (44) used inertial flywheel, a strength training

modality using a rotating disc instead of traditional weights.

All except one study (39) used VISA-P as outcome measurement. Ruffino et al. (44) and
Young et al. (46) showed significant improvement in VISA-P score from baseline to 12 weeks.
Cannell et al. (39), Young et al. (46) and Ruffino et al. (44) showed reduction in VAS-pain
from baseline to 12 weeks. Rio et al. (43) and van Ark et al. (45) investigated short-term pain
relief and the measurements were assessed at baseline and after 4 weeks with increase of
VISA-P score. Rio et al. (43) measured pain during SLDS before and after every session and

showed a mean reduction change at 0.9 points immediately after exercise.

3.4.4 Isometric

Three studies (42, 43, 45) investigate the short-term effect of isometric exercise on pain
relief and function in pre- and in-season patients. Two studies (43, 45) operate with the
same exercise protocol and participants, but with different measurement time. The assigned
participants were in-season sub and elite basketball and volleyball players with a mean age
of 23 years (43, 45), and preseason sports athletes with a mean age of 28 years (42). The
three studies lasted for 4 weeks, and they all used leg extension exercise. Pearson et al. (42)
investigated the difference in effect between short- and long isometric contraction in the
two groups. Rio et al. (43) and Pearson et al. (42) measured pain during SLDS immediately
pre- and post-exercise sessions, and both showed immediate mean pain reduction of 1.8 and
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1.66 respectively after exercise — with no between group difference in short- and long
contraction. van Ark et al. (45) showed a reduction of 2.3 points in NRS-pain during SLDS
from baseline to 4 weeks. van Ark et al. (45) and Rio et al. (43) found a positive change in

VISA-P after 4 weeks while Pearson et al. (42) did not include VISA-P in the follow-up.

3.4.5 Progressive Tendon-Loading Exercise

Only one study (38) utilised PTLE with 37 participants assigned, 31 men, with a mean age of
24 years and activity level described as athletes involved in sports activities at least three
times per week. The exercise protocol contained four stages with a specific approach. The
first stage included daily isometric single-leg leg-press or leg-extension of 5 repetitions of 45
seconds mid-range hold at 70% of maximal muscle contraction. Second stage included the
isometric exercise performed every first day, with isotonic single-leg leg-press with 4 sets of
15 repetitions with progression to 4 sets of 6 repetitions with increased knee flexion, every
other day. Stage three included the same as stage one and two with plyometric exercises
such as jump squats performed every third day starting with 3x10 using both legs and
progression to 6x10 with one leg. Finally, the fourth stage consisted of sport-specific
exercises every 2-3 days with the exercises from stage one during the rest days. Progression

to next stage was determined by pain during one single-leg-squat.

VISA-P outcome measurement were collected at baseline, 12 and 24 week and showed

significant improvement at both follow-up time. Pain alone was not reported.

3.4.6 Moderate Slow Resistance

Agergaard et al. (37) compared MSR with HSR in a 12-week training program with the
purpose of investigating if the load magnitude affects the efficacy of treating PT. The MSR
group consisted of 21 male recreational athletes with a mean age of 31 years. MSR training
consisted of one bilateral leg press exercise and one unilateral knee extension exercise
where the concentric phase and eccentric phase lasted for 3 seconds each. The loading
program was performed 3 times a week, and the resistance load started at 55% of 1 RM and
was maintained throughout the whole period. Outcome measurements were registered at

baseline, 6, 12 and 52 weeks. There was significant change in VISA-P in time at both 12 and
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52 weeks (p < 0.01 and p < 0.0001 respectively). NRS-pain during SLDS was found to

decrease significantly from baseline to 12 weeks.

3.4.7 Eccentric + Concentric

Eccentric exercise combined with a concentric exercise was a part of one study (41).
Fourteen active-duty soldiers, 13 men, with a mean age of 31 years was included. The
exercise was performed as eccentric SLDS two times a day with 3 sets of 15 repetitions with
pain up to 5 on numeric pain rating (NPR) during exercise. Adjustments of squat depth and
increased external load were done if possible. The additional concentric exercise was
performed with elastic bands in abduction, extension, and external rotation 3 times a week
with 3 sets of 10 repetitions. Resistance was adjusted by the ability to perform 10 correctly
repetitions. Macdonald et al. (41) reported an improvement in VISA-P score during all the
follow-up measurements (4, 8, 12 and 24 weeks), but only the improvement at 24 weeks

reached statistical significance (p = 0.002).

3.4.8 Concentric

Jonsson and Alfredsson (36) was the sole study that included concentric exercise as
treatment for PT. Seven participants, six men, presenting with a total of nine painful patellar
tendons were included. Mean age was 24 years and participants were described as athletes.
The exercise was performed as a concentric SLDS, from 70 degrees knee flexion to gradually
full extension. The training was done twice daily with 3 sets of 15 repetitions. The exercise
was supposed to be painful, based on individual acceptable pain. If there was no pain the
external load was increased. Three participants with four out of nine tendons dropped out
after 6 weeks of training due to severe pain. The outcomes were measured at baseline, 6
and 12 weeks. This study showed no effect of concentric exercise as treatment for PT with a

decrease in VISA-P and VAS-pain after 12 weeks.

3.4.9 Comparison of exercise modalities included in this review

Eccentric exercise was the most common intervention used in the included studies, and was
compared against PTLE, isotonic, concentric and eccentric in combination with concentric.
Eccentric showed better results compared to pure concentric training and protocols that

used a combination of eccentric and concentric exercises. PTLE showed significantly better

20



result regarding pain and function compared to eccentric at long-term follow-up (24 weeks).
There was no detectable between-group difference when eccentric was compared with

isotonic.

HSR training displayed no superior effect when compared to MSR training at medium (12

weeks) and long-term follow-up, nor with isotonic training at medium-term follow-up.

Isometric was compared against isotonic, and had no superior effect after 4 weeks, but the
immediate pain reduction was significantly better with isometric training compared to

isotonic.

4. Discussion

In this systematic review, we have investigated the evidence for resistance training in the
treatment of function and pain in PT. Well known exercise modalities such as eccentric,
isometric, isotonic, concentric and HSR were included together with lesser-known methods
such as PTLE and MSR. All treatment methods showed significant within-group
improvements on function and pain, except for concentric exercise and eccentric exercise
combined with concentric exercise, which only showed significant effect after 52 weeks.
There was no significant between-group difference in nine out of 11 included studies that
showed significant improvements. In summary, there is grade B evidence for use of eccentric
and HSR training, grade C for isometric, isotonic, MSR training and PTLE, and grade D
evidence for concentric exercise and eccentric exercise in combination with concentric

exercise using the NHMRC Body of Framework (35).

4.1 Results

It is not surprising that there were few between group differences, as exercise modalities
that are not fundamentally different were compared. Eccentric muscle contractions are
assumed to be beneficial due to the capability in producing greater force than during
concentric exercise, and heavy slow resistance training involve longer time under tension
which again leads to an increased adaptive response (48). It is therefore possible that the

benefits lie in higher loads rather than any specific exercise modality. However, Agergaard et
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al. (37) study has shown that the load magnitude of both HSR and MSR generated an
increase in VISA-P scores, and decrease in pain, and that a higher load of 90% of 1RM is not

clinically preferable to a moderate load of 55%.

Eccentric exercise is the modality that is backed by the largest amount of evidence regarding
physical treatment for PT and has been shown to be effective in previous systematic reviews
(30, 49, 50). Despite satisfactory clinical outcomes with isolated eccentric training, there are
concerns regarding applicability across various patient demographics. Most of the eccentric
protocols instruct training twice a day with 3 sets of 15 repetitions, thus totalling 180 daily
repetitions, which is time consuming and may reduce the feasibility and compliance. This
high volume does not align with scientific resistance training recommendations to enable
optimal physiological adaptations for improving clinical outcome (24). In addition, some
clinicians may be hesitant to use this modality because it can be pain-provoking (7), and
could lead to decrease in intensity and repetitions when performing the intervention,
especially when treating non-athletic patients (51). There are indications of central
sensitization in persistent tendinopathy (52). Central sensitizations may, with variable
degree, influence psychosocial factors like stress, fear of pain, peer pressure and behavioural
factors like thoughts and beliefs that may lead to overuse or inadequate adaptions (52). This
is often seen in the context of other chronic musculoskeletal pain syndromes like low back
pain and fibromyalgia. There are not found any superior effect of pain-free exercises versus
painful exercises in managing chronic musculoskeletal pain in medium- and long-term
outcomes (53). Nevertheless, the psychosocial factors indicate that clinicians should be
aware of the individual differences when choosing exercise modalities for patients with
persistent pain. On the other hand, when pain has accrued for shorter period, peripheral
sensitization is normal response (54), and perhaps factors like fear of pain doesn’t need that
much of consideration. Due to concerns regarding pain, Malliaras et al. (7) suggested a
progressive resistance training program following stages with different exercise modalities.
Breda et al. (38) used a PTLE program and is the only study included in this review using an
exercise progression protocol, and so results should be interpreted with caution. However,
this study had a relatively large sample size, and the results seem promising enough to
warrant further research. It is possible that the increasing popularity after Alfredson et al.

(25) eccentric protocol were known, have brought an overrated effect due to the number of
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studies investigating eccentric training in treatment of PT. The overall methodological quality
of the studies investigating eccentric exercise is moderate, something that has been
demonstrated in previous reviews as well (30, 50, 55). Despite the improved results in both
eccentric exercise and PTLE training, the eccentric training is surpassed by the effect of PTLE

on function and pain in PT in long term (24 weeks) as measured by VISA-P.

Rio et al. (43) and Pearson et al. (42) found immediate pain relief after isometric exercise,
and van Ark et al. (45) and Pearson et al. (42) found increased VISA-P score 4 weeks after
isometric training. Pearson et al. (42) reported that short and long muscle contractions had
similar effects. However, we have not identified any studies that investigate the long-term
effects and there is a current need for further studies. A new crossover study by Holden et
al. (56) used the same protocol as Rio et al. (43) but were unable to replicate the results in a
larger population where both sexes and all types of sports were included. The cause of the
altered result is not identified, but there are reasons to question the generalizability of

primary results to a more heterogenic population.

Concentric exercise was included as the comparator in Jonsson and Alfredsson (36), and
there were no significant within-group changes in pain. However, several participants in the
concentric group withdrew due to severe pain, and study enrolment was ceased because of
the poor results in the group performing concentric exercise. Conversely, most participants
in the eccentric group were satisfied with their results. The exercise dose was similar for
both groups, and the authors state that it is difficult to explain why there should be such
pronounced differences. In a study of Achilles tendons, Rees et al. (57) found that similar
forces were produced during eccentric and concentric exercises, but that there were high
frequency tissue oscillations during eccentric exercises and suggest that this may be the
reason for the differences in outcome. This may be supported by two of the included studies
where no between-group difference were detected when comparing pure eccentric to
isotonic exercise, which includes an eccentric and concentric phase (39, 46). Four of the
included studies (37, 38, 40, 41) showed improvements of 13 points or higher, or an
improvement of 15,4-27% of inverted baseline scores, which is the minimal clinically

important change (MCID) for VISA-P (58). In these studies, HSR, MSR, PTLE, eccentric and
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eccentric with concentric were the intervention or comparator, emphasizing that it is

difficult to identify one exercise modality as superior to others.

We did not select studies based on participant characteristics, but most of the studies
included athletes, and men were predominant in the study populations. Former studies
suggest that PT is more common for men than for women (8), but recent studies have shown
that there is no clear gender difference, and that PT is more related to multiple biological
and physiological factors (59). Lian et al. (10) found PT to be twice as common among male
athletes compared to female athletes, and this could be explained by the lower forces
generated by the quadriceps and patellar tendon in women versus men. With regards to
transferability, all studies were not explicit to type of sport or at which level the participants
played. The same appears in the results of HSR training where the population is
homogeneous and thus transferable, but the result is valid only for male recreational
athletes around 30 years of age. Even though men may be afflicted by PT to a greater extent
than women, the number of assigned women in the studies included in this review is
remarkably poor. Further research should include a larger population of women to see if the

effect of treatment modalities are equal across gender.

In this review, there is poor to moderate risk of bias in most of the included studies, and the
statistical power is limited. Caution should be taken when applying the recommendations,

and more high-quality studies are required.

4.2 Strengths and limitations

Strengths include the use of several databases. Satisfactory internal validity was attempted
by performing every screening and assessment step by the two reviewers separately. All
included studies (36-46) are RCTs, which is necessary when investigating effect. However,
only two of the studies (37, 38) have a low risk of bias. The placebo effect is reduced as both
groups exercise (60). Comparing the effect of already known treatment methods is
perceived as ethically virtuous as opposed to comparison to no treatment in the control

group (61).
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There are some important limitations to this systematic review. The authors are novices in
performing a systematic review, and we acknowledge that our lack of experience may have
limited how we undertook the study. Furthermore, we chose to solely include self-report
outcomes in the systematic review. Measures of physical performance are relevant for many
athletes, and self-report may be systematically more positive than observed function.
Stevens-Lapsley et al. (62) found, in a study of persons who had undergone knee
arthroplasty, that self-reports did not reflect the deficits in physical function that were
revealed through physical tests. Although the patient groups are different, some of the
mechanisms may be similar, for example how participants’ beliefs and experiences influence
how they perceive their physical functioning. In our thesis, all the studies included exercise
for both the intervention and the control group, so it is difficult to explain how beliefs and
experiences would be systematically different. We emphasize the importance of subjective
experience of improvement as outcome measures, like VISA-P, in patients. Nonetheless,
physical performance would possibly be less influenced by context and previous experience,

and should be included in studies of PT.

The lack of precise VISA-P scores in several of the included studies made it difficult to
perform a meta-analysis. In a meta-analysis, pooling of studies would increase statistical
power. As such, intervention effects that are not seen in single studies due to low statistical
power could become clearer with pooled data. Therefore, our findings may be less clear
than they ideally would. Due to limited time no researchers were contacted for more
information regarding study characteristics or missing data which could have made a meta-

analysis possible.

In order for research to be replicable and applicable to clinical practice, researchers should
report their methods extensively and transparently. The Consensus for Exercise Reporting
Template (CERT) is a checklist for reporting in trials using exercise as an intervention that has
gained interest in recent years (63). We have not used this checklist in our systematic
review, but this would have been useful for determining how easily the findings could be

adapted by clinicians and other researchers.
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4.3 Clinical practice

Previous guidelines have recommended eccentric exercise and HSR training as the main
modes of resistance training for rehabilitation of PT. Based on our current systematic review,
these training modalities can be further recommended for use in clinical practice.
Nevertheless, both Agergaard et al. (37) and Breda et al. (38) report that MSR training and
PTLE can prove equally beneficial, if not better effect in the long run. Patients in clinical
practice all have different characteristics, as well as subjective pain and function level
experience. There are several differences between the training protocols that are presented
in this review, for example simultaneous participation in sports and pain response during
training. In addition to the recommendation, individual needs and preferences should be

considered when choosing exercise modalities in clinical practice.

5. Conclusion

The findings of this systematic review support the use of eccentric and HSR training in
treating PT (grade B). These modalities have been shown to give an increase in function and
decrease in pain during both moderate and long term, while isometric could be the
preferred option in-season for pain relief (grade C). Isotonic have demonstrated an effect in
both short and medium term (grade C). Concentric exercise modalities should not be the
treatment of choice when dealing with PT, since it has shown no advantage compared to
other interventions (grade D). PTLE and MSR appears effective in both medium and long
term, although its effect is based on limited evidence (grade C). Future research should
emphasise PTLE, preferably compared to HSR, to determine if PTLE is a viable option to
eccentric and HSR training. More high-quality research in populations with different activity

levels are recommended.

26



References

1. Praet SF, Zwerver J. Patellar tendinopathy. UpToDate,2022 [updated 22.04;
cited 2022 05.02]. Available from: https://www.uptodate.com/contents/patellar-
tendinopathy?search=patellar%20tendinopathy&topicRef=13812&source=see_link#H
962926226.

2. Wang JHC, Rothrauff BB, Byrne KJ. Tendinopathy. BMJ Best Practice,2022
[updated 13.05.2022; cited 2022 05.02]. Available from:
https://bestpractice.bmj.com/topics/en-gb/582.

3. Polit DF, Beck CT. Nursing Research: Generating and Assessing Evidence for
Nursing Practice. 10th ed: Wolters Kluwer; 2017.

4. Killam L. Research terminology simplified: Paradigms axiology, ontology,
epistemology and methodology Sudbury, 2013.

5. Cook JL, Khan KM, Harcourt PR, Grant M, Young DA, Bonar SF. A cross sectional
study of 100 athletes with jumper's knee managed conservatively and surgically. The
Victorian Institute of Sport Tendon Study Group. Br J Sports Med. 1997;31(4):332-6.

6. Larsson MEH, Kall I, Nilsson-Helander K. Treatment of patellar tendinopathy—a
systematic review of randomized controlled trials. Knee Surg Sports Traumatol
Arthrosc. 2012;20(8):1632—46.

7. Malliaras P, Cook J, Purdam C, Rio E. Patellar tendinopathy: clinical diagnosis,
load management, and advice for challenging case presentations. J orthop Sports
Phys Ther. 2015;45(11):887-98.

8. Khan K, Maffulli N, Coleman B, Cook J, Taunton J. Patellar tendinopathy: some
aspects of basic science and clinical management. Br J Sports Med. 1998;32(4):346.

9. Agergaard AS, Svensson RB, Hoeffner R, Hansen P, Couppé C, Kjaer M, et al.
Mechanical properties and UTE-T2* in Patellar tendinopathy: The effect of load
magnitude in exercise-based treatment. Scand J Med Sci Sports. 2021;31(10):1981—
90.

10. Lian @B, Engebretsen L, Bahr R. Prevalence of jumper's knee among elite
athletes from different sports: a cross-sectional study. Am J Sports Med.
2005;33(4):561-7.

27



11.  Zwerver J, Bredeweg SW, van den Akker-Scheek I. Prevalence of Jumper’s knee
among nonelite athletes from different sports: a cross-sectional survey. Am J Sports
Med. 2011;39(9):1984-8.

12.  De Vries AJ, Koolhaas W, Zwerver J, Diercks RL, Nieuwenhuis K, Van Der Worp
H, et al. The impact of patellar tendinopathy on sports and work performance in
active athletes. Res Sports Med. 2017;25(3):253-65.

13.  Visentini PJ, Khan KM, Cook JL, Kiss ZS, Harcourt PR, Wark JD, et al. The VISA
score: an index of severity of symptoms in patients with jumper's knee (patellar
tendinosis). J Sci Med Sport. 1998;1(1):22-8.

14. James R, Kesturu G, Balian G, Chhabra AB. Tendon: biology, biomechanics,
repair, growth factors, and evolving treatment options. J Hand Surg Am.
2008;33(1):102-12.

15. Bohm S, Mersmann F, Arampatzis A. Human tendon adaptation in response to
mechanical loading: a systematic review and meta-analysis of exercise intervention
studies on healthy adults. Sports Medicine-open. 2015;1(1):1-18.

16.  Maganaris CN, Chatzistergos P, Reeves ND, Narici MV. Quantification of
internal stress-strain fields in human tendon: unraveling the mechanisms that
underlie regional tendon adaptations and mal-adaptations to mechanical loading and
the effectiveness of therapeutic eccentric exercise. Front Physiol. 2017;8:91.

17.  Voigt M, Bojsen-Mgller F, Simonsen E, Dyhre-Poulsen P. The influence of
tendon Youngs modulus, dimensions and instantaneous moment arms on the
efficiency of human movement. J Biomech. 1995;28(3):281-91.

18. Khan KM, Scott A. Mechanotherapy: how physical therapists’ prescription of
exercise promotes tissue repair. Br J Sports Med. 2009;43(4):247-52.

19.  Maganaris CN, Narici MV, Almekinders LC, Maffulli N. Biomechanics and
pathophysiology of overuse tendon injuries. Sports Med. 2004;34(14):1005-17.

20. Rees D, Stride M, Scott A. Tendons—time to revisit inflammation. Br J of Sports
Med. 2014;48(21):1553-7.

21. KuboK, Ikebukuro T, Yata H, Tsunoda N, Kanehisa H. Effects of training on
muscle and tendon in knee extensors and plantar flexors in vivo. J Appl Biomech.
2010;26(3).

28



22.  Ratamess NA, Alvar BA, Evetoch TK, ACSM. American College of Sports
Medicine position stand. Progression models in resistance training for healthy adults.
Med Sci Sports Exerc. 2009;41(3):687-708.

23.  Swain DP, American College of Sports Medicine. ACSM's Resource Manual for
Guidelines for Exercise Testing for Prescription. 7th ed. Philadelphia: Wolters Kluwer
Health/Lippincott Williams & Wilkins; 2014.

24.  Burton |, McCormack A. The implementation of resistance training principles in
exercise interventions for lower limb tendinopathy: A systematic review. Phys Ther
Sport. 2021;50:97-113.

25.  Alfredson H, Pietila T, Jonsson P, Lorentzon R. Heavy-load eccentric calf muscle
training for the treatment of chronic Achilles tendinosis. Am J Sports Med.
1998;26(3):360-6.

26.  Visnes H, Hoksrud A, Cook J, Bahr R. No effect of eccentric training on jumper's
knee in volleyball players during the competitive season: a randomized clinical trial.
Clin J Sport Med. 2005;15(4):225-32.

27. Visnes H, Bahr R. The evolution of eccentric training as treatment for patellar
tendinopathy (jumper’s knee): a critical review of exercise programmes. Br J Sports
Med. 2007;41(4):217-23.

28. Kongsgaard M, Aagaard P, Roikjaer S, Olsen D, Jensen M, Langberg H, et al.
Decline eccentric squats increases patellar tendon loading compared to standard
eccentric squats. Clin Biomech. 2006;21(7):748-54.

29. Kongsgaard M, Kovanen V, Aagaard P, Doessing S, Hansen P, Laursen AH, et al.
Corticosteroid injections, eccentric decline squat training and heavy slow resistance
training in patellar tendinopathy. Scand J Med Sci Sports. 2009;19(6):790-802.

30. Lim HY, Wong SH. Effects of isometric, eccentric, or heavy slow resistance
exercises on pain and function in individuals with patellar tendinopathy: A systematic
review. Physiother Res Int. 2018;23(4):e1721-n/a.

31. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Int J Surg. 2021;88:105906.

32. Bjerke T, Bakke EA, Bogen B. The effectivness of strength training versus other
type of exercise therapy for pain and function on patellar tendinopathy. A systematic

29



review [Protocol]. PROSPERO CRD42021287389: National Institute for Health
Research; 2021 [updated 2021; cited 2022 13.05]. Available from:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021287389.

33.  Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and
mobile app for systematic reviews. Systematic Reviews. 2016;5:210.

34. Sterne JA, Savovic¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366.

35. National Health and Medical Research Council. NHMRC levels of evidence and
grades for recommendations for developers of guidlines [Electronic document ].
nhmrc.gov.au: NHMRC; 2009 [updated 01.12.2009; cited 2022 08.04]. Available from:
https://www.nhmrc.gov.au/sites/default/files/images/NHMRC%20Levels%20and%20
Grades%20(2009).pdf?fbclid=IwAROKqgy_pkpc3YrXkaCsNjCCaOMdzUOMZK6zzmSYk6B
cb7wfKGYU7Ae1tqUE.

36. Jonsson P, Alfredson H. Superior results with eccentric compared to concentric
guadriceps training in patients with jumper's knee: a prospective randomised study.
Br J Sports Med. 2005;39(11):847-50.

37. Agergaard A-S, Svensson RB, Malmgaard-Clausen NM, Couppé C, Hjortshoej

MH, Doessing S, et al. Clinical outcomes, structure, and function improve with both
heavy and moderate loads in the treatment of Patellar tendinopathy: a randomized
clinical trial. Am J Sports Med. 2021;49(4):982-93.

38. Breda SJ, Oei EHG, Zwerver J, Visser E, Waarsing E, Krestin GP, et al.
Effectiveness of progressive tendon-loading exercise therapy in patients with patellar
tendinopathy: a randomised clinical trial. Br J Sports Med. 2021;55(9):501-9.

39. Cannell LJ, Taunton JE, Clement DB, Smith C, Khan KM. A randomised clinical
trial of the efficacy of drop squats or leg extension/leg curl exercises to treat clinically
diagnosed jumper's knee in athletes: Pilot study. Br J Sports Med. 2001;35:60—4.

40. Frohm A, Saartok T, Halvorsen K, Renstrom P. Eccentric treatment for patellar
tendinopathy: a prospective randomised short-term pilot study of two rehabilitation
protocols. Br J Sports Med. 2007;41(7):e7-e.

41. MacDonald K, Day J, Dionne C. Effect of Eccentric Exercises at the Knee with
Hip Muscle Strengthening to Treat Patellar Tendinopathy in Active Duty Military
Personnel: a Randomized Pilot. OPTP. 2019;31(1):8-16.

30



42. PearsonSJ, Stadler S, Menz H, Morrissey D, Scott |, Munteanu S, et al.
Immediate and Short-Term Effects of Short- and Long-Duration Isometric
Contractions in Patellar Tendinopathy. Clin J Sport Med. 2020;30(4):335-40.

43. Rio E, van Ark M, Docking S, Moseley GL, Kidgell D, Gaida JE, et al. Isometric
Contractions Are More Analgesic Than Isotonic Contractions for Patellar Tendon Pain:
an In-Season Randomized Clinical Trial. Clin J Sport Med. 2017;27(3):253-9.

44. Ruffino D, Malliaras P, Marchegiani S, Campana V. Inertial flywheel vs heavy
slow resistance training among athletes with patellar tendinopathy: A randomised
trial. Physical Therapy in Sport. 2021;52:30-7.

45.  van Ark M, Cook JL, Docking SI, Zwerver J, Gaida JE, van den Akker-Scheek I, et
al. Do isometric and isotonic exercise programs reduce pain in athletes with patellar
tendinopathy in-season? A randomised clinical trial. J Sci Med Sport. 2016;19(9):702—
6.

46. Young MA, Cook JL, Purdam CR, Kiss ZS, Alfredson H. Eccentric decline squat
protocol offers superior results at 12 months compared with traditional eccentric
protocol for patellar tendinopathy in volleyball players. Br J Sports Med.
2005;39(2):102-5.

47. Dimitrios S, Pantelis M, Kalliopi S. Comparing the effects of eccentric training
with eccentric training and static stretching exercises in the treatment of patellar
tendinopathy. A controlled clinical trial. Clin Rehabil. 2012;26(5):423-30.

48. Couppé C, Svensson RB, Silbernagel KG, Langberg H, Magnusson SP. Eccentric
or concentric exercises for the treatment of tendinopathies? J Orthop Sports Phys
Ther. 2015;45(11):853-63.

49. Challoumas D, Pedret C, Biddle M, Ng NYB, Kirwan P, Cooper B, et al.
Management of patellar tendinopathy: a systematic review and network meta-
analysis of randomised studies. BMJ Open Sport Exerc Med. 2021;7(4):e001110.

50. Malliaras P, Barton CJ, Reeves ND, Langberg H. Achilles and patellar
tendinopathy loading programmes. Sports med. 2013;43(4):267-86.

51. Sayana MK, Maffulli N. Eccentric calf muscle training in non-athletic patients
with Achilles tendinopathy. J Sci Med Sport. 2007;10(1):52-8.

31



52.  Plinsinga ML, Brink MS, Vicenzino B, Van Wilgen CP. Evidence of nervous
system sensitization in commonly presenting and persistent painful tendinopathies: a
systematic review. J Orthop Sports Phys Ther. 2015;45(11):864-75.

53.  Smith BE, Hendrick P, Smith TO, Bateman M, Moffatt F, Rathleff MS, et al.
Should exercises be painful in the management of chronic musculoskeletal pain? A
systematic review and meta-analysis. Br J Sports Med. 2017;51(23):1679-87.

54.  Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of central sensitization
in patients with musculoskeletal pain: application of pain neurophysiology in manual
therapy practice. Man Ther. 2010;15(2):135-41.

55.  Mendonga LDM, Leite HR, Zwerver J, Henschke N, Branco G, Oliveira VC. How
strong is the evidence that conservative treatment reduces pain and improves
function in individuals with patellar tendinopathy? A systematic review of
randomised controlled trials including GRADE recommendations. Br J Sports Med.
2020;54(2):87-93.

56. Holden S, Lyng K, Graven-Nielsen T, Riel H, Olesen JL, Larsen LH, et al. Isometric
exercise and pain in patellar tendinopathy: a randomized crossover trial. J Sci Med
Sport. 2020;23(3):208-14.

57. Rees), Lichtwark G, Wolman R, Wilson A. The mechanism for efficacy of
eccentric loading in Achilles tendon injury; an in vivo study in humans. Rheumatology.
2008;47(10):1493-7.

58. Hernandez-Sanchez S, Hidalgo MD, Gomez A. Responsiveness of the VISA-P
scale for patellar tendinopathy in athletes. Br J Sports Med. 2014;48(6):453-7.

59. Vander Worp H, van Ark M, Roerink S, Pepping G-J, van den Akker-Scheek I,
Zwerver J. Risk factors for patellar tendinopathy: a systematic review of the
literature. Br J Sports Med. 2011;45(5):446-52.

60. Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BMJ.
2015;351.

61. World Medical Association. WMA Declaration of Helsinki - Ethical Principles for
Medical Research Involving Human Subjects [Web page]. WMA: World Medical
Association; 2022 [updated 19.07.2018; cited 2022 13.05]. Available from:
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-
for-medical-research-involving-human-

32



subjects/?fbclid=IwARObGn3Sb6ADyrPh32Hb4d_FZd_LWo3XWCKUGaZ6p-
Xy9ghXfmST7q5gQYO0.

62. Stevens-Lapsley JE, Schenkman ML, Dayton MR. Comparison of self-reported
knee injury and osteoarthritis outcome score to performance measures in patients
after total knee arthroplasty. PM&R. 2011;3(6):541-9.

63. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on exercise

reporting template (CERT): explanation and elaboration statement. Br J Sports Med.

2016;50(23):1428-37.

33



Appendix

Appendix 1. Search strategy

Search name: Patellar tendinopathy
Date run: 3/12-2021
Example from MEDLINE

# Searches Results | Type
1 patella* tendinopath*.tw. 579 | Advan
ced
2 jumpers knee.tw. 194 | Advan
ced
3 or/1-2 722 | Advan
ced
4 Exercise/ 131982 | Advan
ced
5 Exercise Therapy/ 46517 | Advan
ced
6 Resistance Training/ 11187 | Advan
ced
7 Muscle Contraction/ 98441 | Advan
ced
8 Isometric Contraction/ 16218 | Advan
ced
9 Isotonic Contraction/ 688 | Advan
ced
10 ((strength* or resist* or weight*) adj3 (training or exercise*)).tw. 35049 | Advan
ced
11 high load.tw. 2236 | Advan
ced
12 low load.tw. 1512 | Advan
ced
13 isometric.tw. 35579 | Advan
ced
14 eccentric.tw. 14597 | Advan
ced
15 concentric.tw. 18546 | Advan
ced
16 isotonic.tw. 14709 | Advan
ced
17 heavy slow resistance.tw. 29 | Advan
ced
18 or/4-17 351263 | Advan
ced
19 3and 18 189 | Advan
ced
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Appendix 2. Risk of bias assessment

Cannel et

Jonsson
and
Alfredson
(2005)

Pearson et
al.
(2018)

Ruffino et
al.
(2018)

Young et
al.
(2005)

Some
concerns

Some Low risk
concerns

Low risk

Low risk

Low
risk

Low Low risk
risk

High risk | High Low risk
risk

Low Some Some
risk concerns concerns
Low Some Some
risk concerns concerns

Low risk

Some
concerns

Some
concerns

Some
concerns

Some
concerns

High risk

Some
concerns
Some
concerns

Some

concerns

Randomis | Deviatio | Missi | Measure | Selection | Overall Explanation
ation n from ng ment of of the risk
process intende | outco | the reported
d me outcome | result
interven | data
tions
Agergaard | Low risk Low risk | Low Low risk Low risk Low risk NA
etal. risk
(2021)

No prespecified
analysis plan

Failures in
implementing the
intervention that
could have affected
the outcome

Outcome assessors
aware of the
intervention
received by study
participants

Not blind to group
allocation, no
prespecified analysis
plan

No prespecified
analysis plan

35




Appendix 3. National Health and Medical Research Council (NHMRC) Grades of recommendation

Eccentric

Grade

Comments

Evidence base

B- Good

One or two level Il studies with
low risk of bias (1/6). 4 level Il
studies with moderate risk of
bias. 1 level Il study with high
risk of bias.

Quantity: 6 studies with eccentric as either
intervention or control

Participants: 96 (total in eccentric groups)
Level of studies: All six are level-II

Consistency

B- Good
Most studies consistent and
inconsistency may be explained

All studies reported within group
improvement

Similar interventions

Same outcome measures taken at short to
medium time (12-24w). One study missing
VISA-P, and one study missing VAS.

Clinical impact B- Good Short time before effect (12w)
Substantial Increased function and reduced pain
(VISA-P) and VAS
No unwanted events
Generalizability B- Good Population is similar to target population.

population/s studied in the
body of evidence are similar to
the target population

Age and activity level similar
Few females included overall

Applicability

B- Good
applicable to healthcare context
with few caveats

Trained personnel and clinic time
available. 1/7 interventions need hydraulic
machine, which is most likely not available
everywhere

Overall
recommendation

B- Body of evidence can be
trusted to guide practice in
most situations

Moderate to good quality of studies,
especially risk of bias. Within group
improvements for all studies.

Concentric

Grade

Comments

Evidence base

D- Poor
Level Il studies with high risk of
bias.

Quantity: 1 study with concentric as either
intervention or control.

Participants: 9

Level of study: Level Il study

Consistency

Not applicable

Only one study

Clinical impact

D- Poor
Slight or restricted

No potential benefit. Little effect in short
term.

Dropouts because of pain during
intervention

Generalizability

B- Good

Age and activity level together with
duration of symptoms is similar.
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Population studied in the body
of evidence are like the target
population.

Applicability

B- Good
Applicable to healthcare
context with few caveats

Decline board and trained personnel
available

Overall
recommendation

D- Body of evidence is weak
and recommendation must be
applied with caution

Low quality of study and several dropouts.
Only one study with high risk of bias

Isometric

Grade

Comments

Evidence base

C- Satisfactory
Level Il studies with moderate

Quantity: 3 studies with isometric as either
intervention or control

risk of bias (1/3). Participants: 36
Level Il studies with high risk of | Level: Level Il studies
bias. (2/3).
Consistency B- Good 2/3 reported within group improvement

Most studies consistent and
inconsistency may be explained

regarding VISA-P. All three reported
improvement in pain after 4w.

Clinical impact

C- Satisfactory
Moderate clinical impact

Pain reduced after 4w. 2 of the studies are
built up on the same participants

Generalizability

B- Good

Population studied in the body
of evidence are similar to the
target population.

Age and activity level together with
duration of symptoms is similar. Few
females included

Applicability

B- Good
Applicable to healthcare context
with few caveats

Knee extension machine and trained
personnel available

Overall
recommendation

C- Body of evidence provides
some support for
recommendation but care
should be taken in its
application

Low quality regarding risk of bias. 2 of the
studies are built up on the same
participants

Isotonic

Grade

Comments

Evidence base

C- Satisfactory
Level Il studies with moderate

Quantity: 5 studies with isotonic as either
intervention or control.

risk of bias (3/5). Participants: 57
Level Il studies with high risk of | Level: Level Il studies
bias (2/5).
Consistency B- Good Reported decreased pain and improved

Most studies consistent and
inconsistency may be explained

VISA-P. Different measurements of pain
(VAS or NSR during weekly activity or
single leg decline squat) and time of
outcome measures.
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Clinical impact

B- Good
Substantial clinical impact

Improved function and decreased pain.
Short-, medium- and long-term effect (4-
12-52w)

Generalizability

B- Good

Population studied in the body
of evidence are like the target
population.

Population is similar to target population.
Age and activity level similar

Applicability

B- Good
Applicable to healthcare
context with few caveats

Equipment and trained personnel available
in most cases, inertial flywheel not
available everywhere.

Overall
recommendation

C- Body of evidence provides
some support for
recommendation but care
should be taken in its

Risk of bias is high or moderate. 2 of the
studies are built up on the same
participants

application
Eccentric Grade Comments
+Concentric
Evidence base D- Poor Quantity: One study

Level Il studies with high risk of
bias.

Participants: 14
Level: Level Il study

Consistency

Not applicable

Only one study

Clinical impact

D- Poor
Slight or restricted

No favourable effect in combining
eccentric with concentric compared to just
eccentric.

Generalizability

C- Satisfactory

population/s studied in body of
evidence differ to target
population for guideline, but it
is clinically sensible to apply
this evidence to target
population

Active-duty military personnel.

Applicability

B- Good
Applicable to healthcare
context with few caveats

Equipment and trained personnel available

Overall
recommendation

D- Body of evidence is weak
and recommendation must be
applied with caution

High risk of bias, only one study. Effect on
VISA-P between 4-24w
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Moderate slow Grade Comments
resistance
Evidence base B- Good Quantity: One study

One level Il study with low risk
of bias.

Participants: 21
Level: Level Il study

Consistency

Not applicable

Only one study

Clinical impact

B- Good
Substantial clinical impact

Reported significant increased VISA-P
after 12 and 52w, and pain after 12w
No unwanted events

Generalizability

B- Good

Population studied in the body
of evidence are similar to the
target population.

Mean age of 30,5 and athletes, but only
male

Applicability

B- Good
Applicable to healthcare
context with few caveats

Equipment is available, personnel must be
trained and instructed in the protocol.

Overall
recommendation

C- Body of evidence provides
some support for
recommendation but care
should be taken in its

Good study with many participants with
improved function and decreased pain,
but only one study — which means it
achieves its highest possible grade

application
Heavy slow Grade Comments
resistance
Evidence base B- Good Quantity: 2 studies with heavy slow

One level Il study with low risk
of bias.
One level Il with moderate risk
of bias

resistance as either intervention or
control

Participants: 42

Level: Level Il studies

Consistency

B- Good
Most studies consistent and
inconsistency may be explained

Similar exercises with some adjustments
regarding sets and repetitions. Outcome
measurements at the same time, 12w

Clinical impact

B- Good
Substantial clinical impact

Reported within group effect in both pain
and VISA-P

Effect after both 12w and 52w

No unwanted events

Generalizability

B- Good

Population studied in the body
of evidence are similar to the
target population.

Athletes and recreational activity level.
Age similar in both studies and target
population

Applicability

B- Good
Applicable to healthcare context
with few caveats

Equipment are available, personnel must
be trained and instructed in the protocol.

Overall
recommendation

B- Body of evidence can be
trusted to guide practice in most
situations

Both studies showed similar results, even
though one of the studies have a high risk
of bias
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Progressive
tendon load

Grade

Comments

Evidence base

B- Good
One level Il study with low risk
of bias.

Quantity: One study
Participants: 37
Level: Level Il study

Consistency

Not applicable

Only one study

Clinical impact

B- Good
Substantial clinical impact

Increased VISA-P and decreased pain
with significant difference compared to
control group.

Generalizability

B- Good

Population studied in the body
of evidence are similar to the
target population.

Both male and female
Athletes, with exercise at least three
times a week

Applicability

B- Good
Applicable to healthcare context
with few caveats

Equipment are available, personnel must
be trained and instructed in the protocol.

Overall
recommendation

C- Body of evidence provides
some support for
recommendation but care
should be taken in its application

Good study with low risk of bias, many
participants and good effect after 12w
and 24w - which means it achieves its
highest possible grade
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Appendix 4. Submission Guidelines

https://bmcsportsscimedrehabil.biomedcentral.com/submission-guidelines/preparing-your-
manuscript/review

BMC Sports Science, Medicine and Rehabilitation

Home About Articles Submission Guidelines Join The Board

Aims and scope Review

Fees and funding

Language editing Criteria

services

Copyright Reviews are summaries of recent insights in specific research areas within the scope of BMC

v Preparing your Sports Science, Medicine and Rehabilitation. Key aims of Reviews are to provide systematic and

manuscript substantial coverage of a research or clinical area of wide interest or to present a critical
assessment of a specified area. A review must focus on recent research and on a topic that is
timely and relevant to the field. All Reviews published by BMC Sports Science, Medicine and
Rehabilitation are peer-reviewed.

Research article
Database article

Software article

Study protocol
Review

Prepare supporting
information

Most Reviews are commissioned by the Editor of BMC Sports Science, Medicine and
Rehabilitation and we do not encourage unsolicited submissions for this type of article. Review
articles may be considered at the Editor’s discretion and their decision on consideration is
considered final.

Conditions of
publication
Editorial policies

Preparing your manuscript

Peer-review policy . . . . . ) . .
The information below details the section headings that you should include in your manuscript

Manuscript transfers . . - .
P and what information should be within each section.

Promoting your

publication . 3 . L. .
Please note that your manuscript must include a 'Declarations' section including all of the

subheadings (please see below for more information).

Title page

The title page should:

s present a title that includes, if appropriate, the study design e.g.:

o "A versus B in the treatment of C: a randomized controlled trial", "X is a risk factor for
Y: a case control study"”, "What is the impact of factor X on subject Y: A systematic
review"

o or for non-clinical or non-research studies: a description of what the article reports
« list the full names and institutional addresses for all authors

o if a collaboration group should be listed as an author, please list the Group name as
an author. If you would like the names of the individual members of the Group to be
searchable through their individual PubMed records, please include this information
in the “Acknowledgements” section in accordance with the instructions below

o indicate the corresponding author
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Abstract

The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do
not cite references in the abstract.

Keywords

Three to ten keywords representing the main content of the article.

Background

The Background section should explain the background to the article, its aims, a summary of a
search of the existing literature and the issue under discussion.

Main text

This should contain the body of the article, and may also be broken into subsections with short,
informative headings.

Conclusions

This should state clearly the main conclusions and include an explanation of their relevance or
importance to the field.

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use, and a list of
abbreviations should be provided.
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Declarations

All manuscripts must contain the following sections under the heading 'Declarations':

« Ethics approval and consent to participate
e Consent for publication

« Availability of data and materials

« Competing interests

« Funding

« Authors' contributions

* Acknowledgements

« Authors' information (optional)

Please see below for details on the information to be included in these sections.

If any of the sections are not relevant to your manuscript, please include the heading and write
'Not applicable' for that section.

Ethics approval and consent to participate

Manuscripts reporting studies involving human participants, human data or human tissue must:

¢ include a statement on ethics approval and consent (even where the need for approval
was waived)

« include the name of the ethics committee that approved the study and the committee's
reference number if appropriate

Studies involving animals must include a statement on ethics approval and for experimental
studies involving client-owned animals, authors must also include a statement on informed
consent from the client or owner.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or human data or tissue,
please state "Not applicable” in this section.

Consent for publication

If your manuscript contains any individual person’s data in any form (including any individual
details, images or videos), consent for publication must be obtained from that person, or in the
case of children, their parent or legal guardian. All presentations of case reports must have
consent for publication.

You can use your institutional consent form or our consent form if you prefer. You should not
send the form to us on submission, but we may request to see a copy at any stage (including

after publication).

See our editorial policies for more information on consent for publication.

If your manuscript does not contain data from any individual person, please state "Not
applicable” in this section.
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Availability of data and materials

All manuscripts must include an ‘Availability of data and materials' statement. Data availability
statements should include information on where data supporting the results reported in the
article can be found including, where applicable, hyperlinks to publicly archived datasets
analysed or generated during the study. By data we mean the minimal dataset that would be
necessary to interpret, replicate and build upon the findings reported in the article. We
recognise it is not always possible to share research data publicly, for instance when individual
privacy could be compromised, and in such instances data availability should still be stated in
the manuscript along with any conditions for access.

Data availability statements can take one of the following forms (or a combination of more than
one if required for multiple datasets):

¢ The datasets generated and/or analysed during the current study are available in the
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

» The datasets used and/or analysed during the current study are available from the
corresponding author on reasonable request.

« All data generated or analysed during this study are included in this published article [and
its supplementary information files].

» The datasets generated and/or analysed during the current study are not publicly available
due [REASON WHY DATA ARE NOT PUBLIC] but are available from the corresponding
author on reasonable request.

« Data sharing is not applicable to this article as no datasets were generated or analysed
during the current study.

o The data that support the findings of this study are available from [third party name] but
restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of [third party name].

« Not applicable. If your manuscript does not contain any data, please state 'Not applicable'
in this section.

More examples of template data availability statements, which include examples of openly
available and restricted access datasets, are available here.

BioMed Central also requires that authors cite any publicly available data on which the
conclusions of the paper rely in the manuscript. Data citations should include a persistent
identifier (such as a DOI) and should ideally be included in the reference list. Citations of
datasets, when they appear in the reference list, should include the minimum information
recommended by DataCite and follow journal style. Dataset identifiers including DOIls should be
expressed as full URLs. For example:

Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought monitoring and
prediction system (GIDMaPS) data sets. figshare. 2014.
http://dx.doi.org/10.6084/m9 figshare.853801

With the corresponding text in the Availability of data and materials statement:

The datasets generated during and/or analysed during the current study are available in the
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS].[Reference number]

If you wish to co-submit a data note describing your data to be published in BMC Research
Notes, you can do so by visiting our submission portal. Data notes support open data and help
authors to comply with funder policies on data sharing. Co-published data notes will be linked
to the research article the data support (example).
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