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Abstract 

Introduction: The purpose of this systematic review with meta-analysis was to develop tendinopathy-

specific effect size thresholds to aid interpretation of comparative effectiveness of exercise therapies.   

Methods: A comprehensive systematic literature search for studies comparing exercise, non-active 

controls, and non-exercise interventions for tendinopathy management was conducted. Trials with 

participants diagnosed with rotator cuff, lateral elbow, gluteal, patellar or Achilles tendinopathy of any 

severity or duration were included. Standardised mean difference comparative effect sizes were combined 

with Bayesian hierarchical models. Non symmetric (exercise vs. non-active), and symmetric (exercise vs. 

exercise, and exercise vs non-exercise) distributions centred on zero were constructed with small, medium, 

and large thresholds calculated to capture 25, 50, and 75% of the comparative effect-size distributions, 

respectively. Analyses were combined across all tendinopathy locations and separated according to 

outcome domains including disability, pain, physical function capacity and range of motion where 

sufficient data were available.  

Results: Data were extracted from 96 studies and yielded 130 pairwise comparisons. When pooling data 

across all outcomes, 98 comparative effect sizes showed small: 0.11 [95%CrI:0.09-0.13], medium: 0.25 

[95%CrI:0.23-0.27], and large: 0.46 [95%CrI:0.44-0.49] effect sizes for exercise therapy compared with 

non-active control. Symmetric distributions calculated from 636 effect sizes showed lower magnitude 

thresholds when comparing exercise therapies (small: 0.11 [95%CrI:0.09-0.13], medium: 0.25 

[95%CrI:0.23-0.27], and large: 0.46 [95%CrI:0.44-0.49]) than comparing exercise therapies with non-

exercise interventions (254 effect sizes; small: 0.17 [95%CrI:0.13-0.21], medium: 0.37 [95%CrI:0.33-0.41], 

and large: 0.70 [95%CrI:0.64-0.75]). Analyses showed greater magnitude effect sizes for pain and disability 

outcomes than physical function capacity and range of motion. 

Conclusion: Exercise therapy generally results in improvements beyond natural healing processes and 

expectancy effects present in non-active controls. Comparative effect sizes between exercise therapies are, 

however, generally low in magnitude indicating therapy variations yield relatively minor incremental effects. 

These findings should inform the clinical interpretation of existing and future trials, and guide study design 
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of future research – such as the necessity for larger samples than have been previously used –. It is 

recommended that small, medium, and large threshold values presented in this review be used instead of 

Cohen’s general values.  

 

Key words: Sample size, Power, Exercise therapy, Applied statistics, Bayesian 
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1.0 Introduction 

Tendinopathy is a musculoskeletal condition frequently experienced by athletic, active, and sedentary 

populations that is characterised by pain, reduced function, and disability [1-4]. Management of 

tendinopathy includes a range of interventions, with exercise therapy comprised predominantly of 

resistance exercise being the most common and viewed as the mainstay of conservative management [5,6]. 

In a recent scoping review mapping research investigating exercise therapies and tendinopathy, it was 

identified that an extensive research base has been developed with randomised controlled trials (RCTs) the 

most common design [6]. The scoping review identified that over 90% of the research base investigated 

either rotator cuff related shoulder pain (RCRSP), lateral elbow tendinopathy, patellar tendinopathy, or 

Achilles tendinopathy [6]. The most common outcome domains investigated included pain, disability, self-

reported function, physical function capacity, quality of life and range of motion (ROM) at the shoulder 

[6]. The scoping review also identified that exercise therapies were frequently compared against each other 

or were used as a comparator to other therapies including injection, laser, extracorporeal shockwave, 

manual therapy, and splinting/taping [6]. Less frequently, experimental studies included non-active 

controls including natural history groups (such as wait-and-see), placebo, and sham treatments [6]. These 

differing comparisons provide distinct insights for both clinicians and researchers.  

 

Drawing robust conclusions from interventional research is challenging due to multiple reasons including 

the lack of condition-specific effect size interpretation guidance to refer to. To better interpret the findings 

from interventional research there are several key concepts (Table 1). The first is to identify the difference 

between ‘statistical significance’ and ‘practical significance’. Musculoskeletal research has typically 

evaluated findings according to statistical significance, but this is slowly shifting towards practical 

significance and a focus on presentation of the magnitude of effects [7]. This is typically achieved with 

effect sizes that quantify some feature of the mean change within groups or the mean difference between 

groups (Table 1).  
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Doi: 10.51224/SRXIV.308  | SportR𝜒iv Preprint version 1 
 

5 
 

A second important conceptual point is to differentiate between non-comparative and comparative 

effectiveness. Attempts were made in a recent meta-analysis of tendinopathy and exercise therapy to 

quantify non-comparative effectiveness (Table 1) across a range of tendinopathies and outcome domains 

[8]. The meta-analysis used non-comparative standardized mean difference effect sizes extracted from 114 

studies comprising 4104 participants. Effect sizes were calculated from the exercise therapy group alone, 

and described the change from a given assessment point (e.g. mid-intervention, post-intervention or 

follow-up) relative to baseline. The results showed that effect sizes were similar across tendinopathies, but 

substantial differences were identified across outcome domains [8]. Rather than focus solely on mean 

values, Swinton et al [8] modelled the majority of the effect size distributions, estimating the 1st, 2nd and 3rd 

quartiles which they qualitatively labelled as “small”, “medium”, and “large”. Whilst these estimates provide 

clinicians and researchers with benchmarks to assess the effectiveness of exercise therapies and highlight 

the importance of outcome domain in the magnitude of change that can be expected, the non-comparative 

nature of the effect sizes are limited, and it is not clear for example how much of any effect is due to natural 

recovery processes independent of the therapy.  

 

A third important conceptual point is to identify the different interpretations that can be made based on the 

comparative interventions studied (Table 1). Comparisons of exercise therapies with non-active controls 

provide a measure of effectiveness whilst controlling for improvements related to natural healing processes 

and expectancy effects that may be common in subjective measurements, including self-rated assessments 

of function and pain [9,10]. In contrast, comparisons of different exercise therapies frequently include 

relatively minor adjustments to the intervention, including contraction modes [11-13], dosage [14-16], or the 

influence of setting [17]. These types of comparisons are reflective of clinicians’ and researchers’ attempts 

to optimise exercise therapies and systematically establish which factors can be manipulated to produce the 

greatest improvements. Finally, comparisons of exercise therapies and non-exercise interventions may 

reflect recommendations to include usual care as a control group in clinical trials to determine whether 
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standard practice should be updated [18]. The purpose of this systematic review with meta-analysis was to 

model comparative effect size distributions obtained: 1) between exercise therapies; 2) between exercise 

therapies and non-active controls (e.g. wait-and-see, placebo, and sham); and 3) between exercise therapies 

and non-exercise interventions. In addition to providing clinicians and researchers with important 

information regarding expected differences, comparative effect sizes are integral in determining sample sizes 

for future experimental trials.   

 

Table 1: Definitions of key terms required to interpret interventional research in tendinopathy.  

Term Definition 

Statistical  

significance 

Process used to claim whether a non-zero change in outcome, or non-zero difference  

between interventions would occur on average in the population studied. 
  

Practical  

significance 

Process used to estimate and interpret the magnitude of change in outcome from a single 

intervention, or magnitude of difference between interventions that should be expected on 

average in the population studied.   
  

Comparative 

effect size  

Statistic used to quantify the magnitude of difference between interventions that should be 

expected on average in the population studied.   
  

Non-

comparative 

effect size 

Statistic used to quantify the magnitude of change in outcome from a single intervention that 

should be expected on average in the population studied.   

  

Non-active  

controls   

Participants allocated to either: 1) wait-and-see (generally single visit to professional where 

practical solutions including ergonomics advice and pain relief are discussed with 

individuals encouraged to await further spontaneous improvement); or 2) placebo/sham 

(participants allocated to medicine [placebo] or procedure [sham], not expected to have a 

therapeutic effect, but may provide psychological benefits).    
  

Exercise  

therapies  

Use of a range of exercise types including resistance, flexibility, proprioception, plyometric 

and vibration to create a therapeutic effect improving outcomes across a range of health 

domains affected by tendinopathy [19].   
  

Non-exercise 

interventions   

Interventions frequently used to improve improving outcomes across a range of health 

domains affected by tendinopathy [19] that do not include any exercise components. 

Interventions included electrotherapy, biomechanical alterations, manual therapy, injection 

therapy, and surgery.   
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2.0 Methods 

This review was part of a project funded by the National Institute for Health Research (NIHR) (Health 

Technology Assessment (HTA) 129388 Exercise therapy for the treatment of tendinopathies) and follows 

on from a systematic review with meta-analysis quantifying non-comparative effect size distributions [8]. 

The review is reported according to the PRISMA 2020 statement with checklist provided in online 

supplementary file 1.  

 

2.1 Protocol deviations  

Multiple protocol deviations occurred due to pragmatic considerations and reflecting on processes from 

previous work packages in the larger project. Extraction of data was performed in duplicate rather than 

performed individually with an assessment of reliability as originally stated. Originally, it was intended to 

conduct risk of bias using the ROBINS-I tool for quasi-experimental studies [20]. As outlined in the 

following sections, due to pragmatic considerations Cochrane’s Risk of Bias tool was used for both 

randomised and non-randomised studies [21]. 

 

2.2 Inclusion criteria  

2.2.1 Participants  

This review included people of any age or gender with a diagnosis of RCRSP, lateral elbow, patellar, 

Achilles or gluteal tendinopathy of any severity or duration. We accepted trial authors’ diagnoses of 

tendinopathy in the absence of full thickness or large tears.  

 

2.2.2 Intervention  
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The primary intervention assessed was exercise therapy which was comprised of five different therapy 

classes (resistance, plyometric, vibration, flexibility, and proprioception). Definitions for each therapy class 

are presented in online supplementary file 2. Many of the exercise therapies included multiple classes, and 

so for each therapy the dominant class was identified based on exercise volume or the primary goal (e.g. 

strengthening or mobility) stated by the authors. We included exercise therapies delivered in a range of 

settings and by a range of health, exercise professionals or support workers. We also included both 

supervised and unsupervised exercise therapies.  

 

2.2.3 Comparator  

Comparisons were conducted: 1) between exercise-only trial arms; 2) between exercise and non-active trial 

arms; and 3) between exercise and non-exercise trial arms. Non-active controls included wait-and-see, 

placebo, and sham. Non-exercise interventions included injection, electrotherapy, biomechanical 

modifications, manual-therapy or surgery.  Definitions of each class are presented in supplementary file 2. 

 

2.2.4 Outcomes  

Based on the results of our initial scoping review [6] and subsequent stakeholder workshops, we extracted 

data from outcomes that assessed six domains: 1) disability; 2) physical function capacity; 3) function; 4) 

pain (on loading/activity, over a specified time, or without further specification); 5) quality of life; and 6) 

ROM (shoulder joint only). Definitions of each domain and example tools used to measure the outcomes 

are presented in online supplementary file 3. 

 

2.2.5 Types of studies  
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We included randomised controlled trials (RCTs) and non-RCTs that included treatment arms that 

matched our comparator and other inclusion criteria.  

 

2.2.6 Context  

The context included primary care, secondary care or community locations in nations defined as very high 

or high on the Human Development Index (top 62 countries at the time of protocol development) for the 

findings to be relevant to the UK context [22]. 

 

2.2.7 Exclusion criteria  

We excluded studies where sufficient information was not available to code treatment arm interventions 

according to exercise, non-active and non-exercise criteria. We also excluded trial arms that included any 

combination of exercise, non-active or non-exercise interventions.    

 

2.3 Search strategy 

The search strategy used for this study was part of a larger search conducted to scope the entire exercise 

therapy for tendinopathy management research base and comprised three steps. Firstly, a limited search of 

MEDLINE and CINAHL using initial keywords (MH tendinopathy OR TX tendin* OR TX tendon*) 

AND (MH exercise OR TX exercis*) was conducted with analysis of the text words in the titles/abstracts 

and those used to describe articles to develop a full search strategy. Secondly, the full search strategy was 

adapted to each database and applied systematically to: MEDLINE, CINAHL, AMED, EMBase, 

SPORTDiscus, Cochrane library (Controlled trials, Systematic reviews), JBI Evidence Synthesis, PEDRo, 

and Epistemonikos. The following trial registries were also searched: ClinicalTrials.gov, ISRCTN Registry, 

The Research Registry, EU-CTR (European Union Clinical trials Registry), ANZCTR (Australia and New 
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Zealand Clinical trials Registry). Finally, the third step involved conducting a search of cited and citing 

articles using Scopus and hand-searching a total of 130 systematic reviews that were identified to include 

information relevant to exercise therapy and tendinopathy. No limit was placed on language, with research 

studies published in languages other than English translated via Google Translate or via international 

collaborations of the review team members. Searches were initiated from 1998 as (i) the heavy load 

eccentric calf-training protocol for Achilles tendinosis by Alfredson et al [23]  was published in 1998 and 

may be considered seminal work in the field of tendinopathy, and (ii) there has been a proliferation of 

research on exercise interventions for tendinopathies post 1998. Search terms are presented in 

Supplementary file 4 according to the last date of the search which was conducted on 25/03/2022. 

 

2.4 Study selection and Data extraction 

Two independent reviewers screened titles and abstracts followed by full-text copies. Conflicts were 

resolved by a third reviewer with all screening conducted within the Covidence (Melbourne, Australia) 

platform. Data were extracted independently by eight members of the review team into pre-piloted excel 

sheets and coded as described in the codebook presented in the Supplementary file 5. Each entry was then 

independently checked.  

 

2.5 Risk of bias assessment 

We used Cochrane’s Risk of Bias (RoB) tool [21] to assess six domains: 1) selection bias (random sequence 

generation & allocation concealment); 2) performance bias (blinding of participants); 3) detection bias 

(blinding of outcome assessors); 4) attrition bias (incomplete outcome data); 5) reporting bias (selective 

reporting); and 6) other biases. RoB was recorded for each outcome and time point within each study. The 

Cochrane’s RoB tool [21] was selected as a recent review of popular tools in tendinopathy management 

highlighted none were superior [24] and Cochrane’s RoB tool [21] could be semi-automated with 

RobotReviewer [25], a machine learning system software. RobotReviewer was used to make initial 

assessments on selection bias and performance bias domains, with manual validation made on the relevant 
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free texts extracted to support the final selection of low, high, or unclear RoB. This semi-automated process 

was more efficient and provided an additional element of consistency in the review process.   

 

2.6 Meta-analysis 

Comparative effect sizes were calculated for studies comparing at least two trial arms that matched the 

inclusion criteria identified. For exercise vs. non-active controls, comparative effect sizes were calculated 

to assess a hierarchy such that positive values favoured exercise therapy. Given previous research has 

established substantive non-comparative effect sizes for exercise therapy [8], comparison with non-active 

controls was included to establish the contribution of natural healing processes and expectancy effects. In 

contrast, no attempt was made to rank or create hierarchies when comparing across exercise therapies, or 

between exercise therapies and non-exercise interventions. The “direction” of comparative effect sizes was 

considered random such that across the large database and with additional bootstrapping procedures the 

effect size distribution would be centred on zero reflecting two-tailed hypothesis testing from a frequentist 

perspective and “sceptical” priors from a Bayesian perspective [26]. That is, when comparing two 

interventions both believed to be effective, a standard perspective is to hold that the difference is zero 

unless evidence to the contrary emerges. Schematics illustrating the differences between comparative effect 

size distributions where the mean is centred on zero, and where most exercise-therapies are expected to 

generate greater improvements than not-active controls is presented in Figure 1. Previously, 0.25-, 0.50- 

and 0.75-quantiles have been used to qualitatively label effect sizes as “small”, “medium”, and “large” 

across multiple areas including tendinopathy management [8, 27-29]. To apply this approach with 

symmetric comparative effect sizes, the small, medium and large thresholds were defined by the middle 

25% (0.375 to 0.625-quantile), the middle 50% (0.25 to 0.75-quantile) and the middle 75% of the 

distribution (0.125 to 0.875-quantile), respectively (Figure 1).  
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Figure 1: Schematics illustrating differences in a non-symmetric comparative effect size distribution (left) 
and a symmetric comparative effect size distribution centred on zero (right) with small, medium, and large 
thresholds defined.  

Non-symmetric plot (left) provides a schematic used for comparison of exercise therapy versus non-active control.  
In the schematic, most of the distribution exceeds zero (favouring exercise therapy) and regions 
(small/medium/large) are defined from the left. Symmetric plot (right) provides a schematic used for comparison of 
exercise therapy versus exercise therapy, and exercise therapy versus non-exercise interventions. The comparative 
distribution (right) is centred on zero with small effects closest to zero in either direction, and medium and large 
effects located further from the centre.  Q: Quantile. SMD: Standardized mean difference effect size.  
 

Comparative effect sizes and their sampling variance were calculated using group mean and standard 

deviation values reported at baseline and at any subsequent time-point. Pairwise comparative standardised 

mean differences (SMD𝐴𝐵pre
) of an intervention “A” and “B”, and their sampling variances 𝜎2 were 

calculated using the following formulae [30]: 

SMD𝐴𝐵pre = (1 −
3

4(𝑛𝐴 + 𝑛𝐵 − 2) − 1
) (

(�̅�𝐴𝑃𝑜𝑠𝑡
− �̅�𝐴𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒

) − (�̅�𝐵𝑃𝑜𝑠𝑡
− �̅�𝐵𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒

)

𝑆𝑑𝐴𝐵𝑃𝑟𝑒

) 

where 𝑛𝐴 and 𝑛𝐵 are the number of participants in intervention A and B. The first term in the equation 

comprises a small-study bias term 𝑐(𝑛𝐴 + 𝑛𝐵 − 2), where 𝑐(𝑛𝐴 + 𝑛𝐵 − 2) = 1 −
3

4(𝑛𝐴+𝑛𝐵−2)−1
, and 𝑆𝑑𝐴𝐵𝑃𝑟𝑒 is the 

baseline pooled standard deviation where 𝑆𝑑𝐴𝐵𝑃𝑟𝑒 = √
(𝑛𝐴−1)𝑆𝑑𝐴𝑃𝑟𝑒+(𝑛𝐵−1)𝑆𝑑𝐵𝑃𝑟𝑒

𝑛𝐴+𝑛𝐵−2
. 
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𝜎2 (SMD𝐴𝐵pre
) = 2𝑐(𝑛𝐴 + 𝑛𝐵 − 2)2(1 − 𝜌) (

𝑛𝐴 + 𝑛𝐵

𝑛𝐴𝑛𝐵
) (

𝑛𝐴 + 𝑛𝐵 − 2

𝑛𝐴𝑛𝐵
) (1 +

SMD𝐴𝐵
2

pre

2(1 − 𝜌) (
𝑛𝐴 + 𝑛𝐵

𝑛𝐴𝑛𝐵
)

) −  SMD𝐴𝐵
2

pre
     

where 𝜌 is the correlation between repeated measures.  

 

The empirically obtained effect sizes were modelled using a three-level Bayesian mixed effects meta-

analytic model. The three levels included the between study (level 3), the outcome (level 2) and the within 

study sampling variance (level 1). The application of a meta-analytic model enabled sharing of information 

across studies to better estimate model parameters and accounted for dependencies within the data due to 

most studies providing more than one data point (based on reporting multiple outcomes and/or multiple 

time points following baseline), and multiple studies including more than two trial arms such that multiple 

pairwise calculations could be made. To account for uncertainty in 𝜎2 due to non-reporting of correlations 

between baseline and follow-ups, the values were allowed to vary and were estimated by including an 

informative Gaussian prior with correlation values centred on 0.7 and ranging from approximately 0.5 to 

0.9 [29].  

 

The parameters obtained from the meta-analysis models were then used to calculate small, medium, and 

large threshold values for the pooled data and for each outcome domain separately. For exercise vs. non-

active controls this was achieved by generating posterior predictions from each meta-analysis model and 

calculating the 0.25-, 0.5-, and 0.75-quantiles. Posterior predictions used the posterior sample for the model 

parameters to simulate new data. For symmetric distributions modelling across exercise therapies and 

between exercise therapies and non-exercise interventions, each analysis included all relevant studies and 

data points with 100 bootstrap samples comprising a +1/-1 random allocation for their pairwise effect 

sizes. The same coefficient that was obtained with 50/50 probability in each bootstrap sample was applied 

to all effect sizes obtained from a single study to maintain associations. For each set of posterior predictions 

across the bootstrap samples, the 0.625-quantile/|0.375|-quantile, 0.75-quantile/|0.25|-quantile, and 
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0.875-quantile/|0.125|-quantile values were obtained to quantify small, medium, and large thresholds, 

respectively. Median values and credible intervals (CrI) were reported to express estimates and their 

uncertainty. Where more than 50 effect sizes were obtained within a single outcome domain, a sub-set 

analysis was conducted to quantify the outcome domain specific distribution.   

 

Default weakly informative Student-t and half Student-t priors with 3 degrees of freedom were used for 

all intercept and variance parameters, respectively [31]. Outlier values were identified by adjusting the 

empirical distribution by a Tukey 𝑔-and-ℎ distribution and obtaining the 0.0035- and 0.9965-quantiles, 

with values beyond these points removed prior to further analysis [32]. Meta-analyses were performed 

using the R wrapper package brms interfaced with Stan to perform sampling [33]. Convergence of 

parameter estimates were obtained for all models with Gelman-Rubin R-hat values below 1.1 [34].  
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3.0 Results  

3.1 Descriptions of data 

A flow diagram illustrating study selection with reasons for exclusions is presented in Figure 2. 

Data to investigate comparative effect sizes were obtained from 96 studies (Supplementary file 6). 

Of these 96 studies, 40 investigated RCRSP, 23 investigated Achilles tendinopathy, 16 investigated 

lateral elbow tendinopathy, 14 investigated patellar tendinopathy, and 3 investigated gluteal 

tendinopathy. A total of 63 studies provided comparisons between different exercise therapies, 26 

between exercise therapies and non-exercise interventions, and 12 between exercise and non-active 

controls. In total, data from 130 pairwise comparisons were obtained (85 between exercise 

therapies, 33 between exercise therapies and non-exercise interventions, and 12 between exercise 

and non-active controls). A total of 1075 pairwise effect sizes were obtained (pain: 381/35%, 

disability: 296/28%, physical function capacity: 206/19%, ROM: 70/7%, QoL: 62/6%, function: 

60/6%). Sample sizes across the comparisons ranged from 5 to 134, with median equal to 21 [IQR: 

13-30]. Measurement duration relative to baseline ranged from 1 to 260 weeks, with median equal 

to 10 [IQR: 5-16] weeks. 
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Figure 2: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) chart 

illustrating study selection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Review of the dominant treatment classes in each of the 85 pairwise exercise therapy comparisons, 

showed 51 (60%) were between resistance, 18 (21%) between resistance and flexibility, 6 (7%) 
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intervention comparisons showed the most common non-exercise intervention was electrotherapy 

(9/27%), followed by injection (8/24%), biomechanical modifications (8/24%), manual therapy 

(4/12%), and surgery (4/12%).  

 

3.2 Risk of bias results 

Summary risk of bias assessments for individual studies are presented in supplementary file 7. Risk 

of bias was highest for blinding of participants (high risk: 41%, unclear risk: 30%) and other bias 

(high risk: 49%, unclear risk: 11%), where the most common causes for concern included 

potentially important baseline imbalances and differences in fidelity across the trial arms.  

 

3.3 Exercise and non-active comparative effect sizes 

Following removal of outliers, a total of 98 effect sizes were obtained from 12 studies and 12 

pairwise comparisons. With positive effect sizes favouring exercise therapy (Figure 3), the results 

estimated the thresholds as small: 0.05 [95%CrI: -0.06 to 0.17], medium: 0.34 [95%CrI: 0.24 to 

0.45], and large 0.66 [95%CrI: 0.54 to 0.79]. Model details including breakdowns of outcome 

domains and tendinopathies presented in supplementary file 8. 
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Figure 3: Empirical distribution and modelled comparative effect size thresholds comparing 
exercise and non-active controls.

 
Black curve is a density plot of the directly calculated comparative effect size values across all outcomes. 
Small, medium, and large thresholds represent the 0.25-, 0.50-, and 0.75-quantiles of predicted draws. Black 
diamonds represent threshold values based on all outcomes and include 95% credible intervals. Positive 
values favour exercise therapies. SMD: Standardised mean difference.  
 

 

3.4 Comparative effect sizes between exercise therapies 

Following removal of outliers, an initial analysis was conducted pooling data across all outcome 

domains comprising 636 effect sizes from 61 studies and 82 pairwise comparisons. The results 

estimated the thresholds as small: 0.11 [95%CrI: 0.09 to 0.13], medium: 0.25 [95%CrI: 0.23 to 

0.27], and large 0.46 [95%CrI: 0.44 to 0.49]. Sufficient data were obtained to estimate domain 

specific thresholds for pain, disability, ROM and physical function capacity. Figure 4 illustrates 

that differences were obtained, primarily for medium and large thresholds where the greatest values 

were obtained for pain, and lowest values obtained for ROM. Model details for all meta-analyses 

including breakdowns of outcome domains and tendinopathies presented in supplementary file 8. 
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Figure 4: Empirical bootstrapped distribution and modelled comparative effect size thresholds 
across exercise therapies for different outcome domains.

 

Black curve is a density plot of the directly calculated and boot-strapped empirical comparative effect size 
values across all outcomes. Small, medium, and large thresholds represent the 0.375-/0.625-, 0.25-/0.75-, 
and 0.125-/0.875-quantiles of predicted draws. Black diamonds represent threshold values based on all 
outcomes. Redpoint ranges illustrate the outcome domain specific estimates and their uncertainty through 
the median value (circle) and 95% credible interval. PFC: Physical function capacity; ROM: Range of motion 
of shoulder.  
 
 

3.5 Comparative effect size between exercise therapies and non-exercise interventions 

Following removal of outliers, an initial analysis was conducted pooling data across all outcome 

domains comprising 254 effect sizes from 23 studies and 29 pairwise comparisons. The results 

estimated the thresholds as small: 0.17 [95%CrI: 0.13 to 0.21], medium: 0.37 [95%CrI: 0.33 to 

0.41], and large 0.70 [95%CrI: 0.64 to 0.75]. Sufficient data were obtained to estimate domain 

specific thresholds for pain, disability, and physical function capacity, with model details for all 

meta-analyses including breakdowns of outcome domains and tendinopathies presented in 

supplementary file 8. 
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4.0 Discussion 

The results of this systematic review with meta-analysis provided several novel insights into comparative 

effect size distributions across different contexts of interest in the study of tendinopathy management. 

Comparison with non-active controls showed most of the distribution favoured exercise with additional 

improvements obtained beyond natural healing processes and expectancy effects. Comparisons across 

different exercise therapies showed that half of the comparative effect sizes are expected to be low in 

magnitude with absolute value standardised mean differences less than 0.25. Sub-analyses identified 

differences across outcome domains, particularly for large thresholds where greater effect sizes were 

obtained for subjective measures including pain and disability, compared with more objective measures of 

physical function capacity and ROM at the shoulder. Small, medium, and large thresholds were all increased 

for comparisons between exercise therapies and non-exercise interventions, likely reflecting greater 

heterogeneity of treatment comparisons. These results have implications for interpreting clinical 

effectiveness of different therapies and conducting future RCT’s, with the need to recruit large sample 

sizes when comparing similar therapies.   

 

The results of this systematic review follow on from a previous review synthesising single-arm non-

comparative effect sizes obtained with exercise therapies for tendinopathy [8]. Results from the previous 

review identified high magnitude effect size distributions across most outcomes, with small (0.25-quantile) 

medium (0.5-quantile) and large (0.75) effect sizes thresholds of approximately 0.35, 0.75 and 1.2, 

respectively. Similar values were also obtained across different tendinopathies [8]. In the present review, 

the small, medium, and large comparative effect size thresholds obtained between exercise and non-active 

controls were equal to approximately 0.05, 0.35, and 0.65, respectively. The difference in results between 

reviews shows that whilst a substantive portion of improvements in outcomes used to evaluate 

tendinopathy interventions may be due to natural healing processes and expectancy effects, exercise 

therapies are likely to create additional improvements that may be meaningful. The inclusion of 

comparisons of exercise therapy against non-active controls including a natural history group (such as wait-
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and-see) or sham or placebo intervention provide clinicians with a clear baseline and ability to evaluate the 

overall effectiveness of exercise therapy. A previous meta-analysis conducted by Steuri et al. [35] 

investigating the effectiveness of non-surgical interventions for the management of shoulder impingement 

also reported substantive comparative effect sizes favouring exercise relative to placebo or no-treatment 

groups for outcomes measuring pain (SMD = 0.94) and function (SMD =0.57). The findings of Steuri et 

al. [35] are in line with those presented here and in reviews evaluating exercise therapies for Achilles 

tendinopathy but with fewer included studies [36,37]. It is plausible that different comparative effect sizes 

would be obtained when controlling with natural history, placebo, or sham groups; however, due to the 

limited number of studies that included these controls, data were combined to facilitate modelling of the 

overall distribution rather than simply the mean which is typically focussed on.   

 

Reflecting clinicians’ interest in optimising exercise therapy, many of the RCTs included in the present 

review comprised relatively minor adjustments to the same exercise such as comparing concentric and 

eccentric actions [11-13], or the same exercise with factors such as the setting manipulated [17]. With 

increased knowledge and speciality, it is understandable that clinicians seek continued refinement with 

additional improvement potentially being meaningful in some cases. Most of the comparative effect size 

distribution between exercise therapies was less than ~0.25, with around a quarter of the distribution less 

than ~0.10. It is important for clinicians to be aware of these findings and that many exercise therapies 

that match general recommendations are likely to produce similar changes on average. This knowledge can 

be used to consider more fully the costs and benefits of implementing different exercise therapies. Similarly, 

for researchers interested in comparing relatively minor adjustments to an exercise therapy, they should be 

aware that the comparative effect size is likely to be low which will have implications on the sample size 

required to adequately power the study.  

 

The meta-analyses conducted in this review also showed that comparative effect size distributions were 

influenced by the outcome domain measured. The finding that effect sizes are likely to be different across 
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outcome domains frequently assessed in tendinopathy has been shown previously. In Swinton et al, [8] 

differences were primarily obtained between domains measured subjectively and objectively, with the small 

effect size threshold for subjectively measured outcomes (disability, pain, and function) between the 

medium (~0.40) and large (~0.65) effect size thresholds for the objectively measured outcomes (physical 

function capacity and ROM). The difference between outcome domains was not as large in the present 

review using comparative effect sizes. A high degree of overlap was obtained for the small effect size 

threshold, with some overlap also obtained for the medium effect size threshold (Figure 4). In contrast, 

substantial differences were obtained for the large effect size threshold between for example pain (~0.60) 

and ROM at the shoulder (~0.35). This difference likely reflects the much greater non-comparative effect 

sizes that can be obtained with outcome domains measured subjectively, and that some percentage of 

studies (e.g. ≤25%) will compare very different therapies where one is substantially more effective than 

the other.   

 

Comparisons between exercise therapies and non-exercise interventions provides greater scope to develop 

interventions that are both outwardly different and encompass greater differences in comparative 

effectiveness. In the present review, data were obtained from 23 studies including 29 pairwise comparisons 

of exercise therapies and non-exercise interventions. The most common non-exercise interventions were 

electrotherapy (8 studies), biomechanical modifications (8 studies), and injection (7 studies). Each of these 

non-exercise therapies were aimed at different mechanisms of action to assist the healing process ranging 

from injection therapy, often corticosteroids, targeted primarily at pain relief to electrotherapy such as 

shock wave therapy to promote cell proliferation and enhance collagen synthesis required for tendon 

healing. Most shock wave therapy were administered at a frequency of 8 to 12 Hz and 2000 pulses per 

session, with a pressure between 2.5 and 4.0 bar [38,39]. Depending on the type of therapy, frequency in 

dose also varies. Exercise protocols in the studies tend to have higher frequency compared to non-exercise 

therapies. For instance, in one RCT, patients randomised to the eccentric exercise group were asked to 
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complete sets of repetitions twice a day, 7 days per week compared to 3 sessions of shock wave therapy at 

weekly intervals in the experimental group [40]. These inherent differences between trial groups may result 

in more discerning effect sizes. Across all outcomes, the small, medium, and large comparative effect size 

thresholds between exercise therapies and non-exercise interventions were approximately 0.20, 0.40 and 

0.70. These values are lower in magnitude, but somewhat close to Cohens original guidelines [41] that are 

frequently used to interpret effect sizes in many disciplines and areas, including tendinopathy.  

 

One of the main implications from the present review includes sample sizes required for future studies. 

Of the 96 included studies, samples sizes in each of the trial arms ranged from 5 to 134, with a median of 

21 [IQR: 13-30] participants. Whilst statistical power depends on a range of factors including the specific 

statistical test, number of data points, the underlying structure of the data, and hypotheses conducted (i.e. 

disjunction, conjunction and individual), general sample size requirements can be illustrated. For simplicity, 

testing the null hypothesis of zero population average treatment with a two-tailed independent t-test 

(α=0.05, and power (1-β) = 0.80) and the small, medium, and large effect thresholds identified in the 

present review returns group sizes of 1299, 253, and 76, respectively, for between exercise therapy 

comparisons [42]. Using the larger thresholds for exercise versus non-exercise comparisons returns 

reduced group sizes of 545, 116 and 34 [42].  

 

Alternative approaches to determining a priori sample sizes can be used. One alternative is for researchers 

to specify a smallest effect size of interest using anchor-based methods reflecting what patients would 

consider a meaningful improvement [43]. If this effect size can be determined, power calculations can be 

performed, and subsequent sample sizes selected. The effect sizes determined in the present review 

represent a distributional-based method for describing change and can be combined with anchor-based 

approaches to provide greater context for both clinicians and researchers. Where for example, the smallest 

effect sizes of interest are much greater than that achieved with the majority of treatment comparisons 
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(e.g. exercise vs exercise, or exercise vs non-exercise), clinicians may choose to remain with the current 

therapy and researchers may choose not to expend resources conducting a clinical trial. In contrast, where 

the smallest effect size of interest aligns or is smaller than what is often achieved in research, a change in 

practice or conducting a study to investigate further may be more appropriate. The results obtained in the 

present review, however, do suggest that much of the research conducted when comparing tendinopathy 

interventions is underpowered, particularly where relatively similar interventions are compared. Further 

research investigating the statistical approaches, the number of tests commonly performed and how 

conclusions are established based on hypothesis test construction in tendinopathy is warranted.  

 

There are several limitations that should be considered when interpreting and evaluating the results and 

findings from the present study. Most of the meta-analyses were conducted with pooled data obtained 

across a range of tendinopathies, outcome domains, outcome tools, and measurement durations. 

Therefore, in some contexts the results obtained may not accurately represent the underlying true effect 

size distribution. In addition, the precision of estimates may be influenced by the reliance of the review on 

published data that may include a bias towards larger values. Attempts were made to include results from 

unpublished studies; however, none met the inclusion criteria. Additionally, whilst standardised mean 

differences facilitate pooling of different outcomes across studies to provide more data to estimate effect 

size distributions, these values are not as clinically interpretable as absolute mean differences.  

 

5.0 Conclusion 

This systematic review with meta-analysis provides evidence that the interpretation of comparative effect 

sizes in tendinopathy trials should vary across multiple contexts, with implications for both clinicians and 

researchers. Given exercise is generally accepted as the most appropriate and first line conservative 

management in tendinopathy, there is interest in determining which exercise therapy is the most effective. 

Given the advancement in this area and development of some standard practices, the research presented 

here highlights that clinicians and researchers should be aware that slight modifications are likely to have 
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limited difference on average. It is recommended that researchers should not use Cohens general 

benchmarks [41] when planning or interpreting studies as these are likely to be too large in most cases. 

Instead, the values presented here should be used as a guide. Given there is still likely to be an interest in 

comparing therapies with relatively small adjustments, researchers may need to consider different analysis 

approaches. Considering the relatively low effect sizes that are likely to be generated, methods such as high 

frequency data collection combined with appropriate statistical analyses should be considered.   
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