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ABSTRACT

Objective: To evaluate the construct validity (structural validity and hypothesis-testing), reliability (test-retest
reliability, measurement error and internal consistency) and minimal important change (MIC) of the 13-item
TENDINopathy Severity assessment—Achilles (TENDINS-A).

Methods: Participants with Achilles pain completed an online survey including: demographics, TENDINS-A,
Foot and Ankle Outcome Score (FAOS), and Victorian Institute of Sport Assessment-Achilles (VISA-A).
Exploratory factor analysis (EFA) assessed dimensionality. Confirmatory Factor Analysis (CFA) assessed
structural validity [root-mean-squared error of approximation (RMSEA); Comparative Fit Index (CFI); Tucker-
Lewis Index (TLI); Standardised Root Measure Square (SRMS)]. Correlations between TENDINS-A and the
FAOS or VISA-A assessed hypothesis-testing. Intraclass correlation (ICC) assessed test-retest reliability.
Cronbach’s o assessed internal consistency. Standard error of the measurement (SEM) assessed measurement
error. A distribution-based approach assessed MIC.

Results: Seventy-nine participants (51% female) with a mean (SD) age=42.6 (13.0) years, height=175.0 (11.7)
cm and body mass=82.0 (19.1) kg were included. EFA identified three meaningful factors, proposed as pain,
symptoms and function. The best model identified using CFA for TENDINS-A had structural validity
(RMSEA=0.101, CFI= 0.959, TLI= 0.947, SRMS=0.068), which included three factors (Pain, Symptoms, and
Function), but excluded three items from the original TENDINS-A. TENDINS-A exhibited moderate positive
correlation with FAOS (rho=0.598,p<0.001) and a moderate, negative correlation with VISA-A (r=-
0.639,p<0.001). Reliability of the TENDINS-A was excellent (ICC=0.930; Cronbach’s 0=0.808; SEM=6.54
units), with an MIC of 12 units.

Conclusions: Our evaluation of the revised 10-item TENDINS-A determined it has construct validity and
excellent reliability, compared to the VISA-A and FAOS which lack content and construct validity. The
TENDINS-A is recommended as the preferred patient-reported outcome measure to assess disability in people

with Achilles tendinopathy.

What is already known: The TENDINopathy Severity assessment — Achilles (TENDINS-A) has been co-
designed with patients, clinicians and researchers as a new patient-reported outcome measure (PROM) to assess
the severity of disability in Achilles tendinopathy, but its psychometric properties have not been previously

reported.
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What this study adds: The TENDINS-A has content validity, construct validity and excellent reliability in the
assessment of the severity of disability in Achilles tendinopathy.
How this study might affect practice: The TENDINS-A is recommended for use in both clinical practice and

research to assess the severity of disability in Achilles tendinopathy.

INTRODUCTION

Achilles tendinopathy is characterised by focal Achilles tendon pain accompanied by impaired function with
mechanical loading,! which is typically managed using predominantly exercise rehabilitation.?* Achilles
tendinopathy is common in the running population [prevalence of 4.2% (diagnosed using a pain mapping
approach) in runners training for an event]*> and also prevalent within the general population.® People with
tendinopathy, expert clinicians and researchers have identified several core health domains as important in
tendinopathy, including tendon-related disability.” However, multiple different measures to quantify tendon-
related disability are used across studies, with no existing consensus.®° In clinical practice measures of tendon-
related disability are not commonly used,!? in part due to inadequate content validity.!' '? Thus, despite a
consensus that tendon-related disability is an important aspect of health,’ there remains no measure of tendon-
related disability that is validated for research or clinical use.

The consensus-based standards for the selection of measurement instruments (COSMIN) guidelines represent
international best-practice for the design and appraisal of Patient Reported Outcome Measures (PROMs).!3 14
However, the value of a PROM is not in its availability but in its quality, reflected by its clinometric
properties.'® Valid and reliable PROMs should be used and recommended, but this is not currently possible in
Achilles tendinopathy research of the disability domain.'® Existing PROMs that assess tendon-related disability,
such as the Victorian Institute of Sport Assessment — Achilles (VISA-A),'¢ 17 have historically been
recommended in the absence of other tools,'® but do not satisfy the guidelines set out by COSMIN and suffer
from substantial flaws in their design.

Using the VISA-A as an example, it has inadequate content and structural validity. VISA-A development did not
involve patients'! and methodological testing of the VISA-A scale using Rasch analysis has demonstrated it has
insufficient structural validity'” and hypothesis testing of the VISA-A shows it is significantly correlated to
participant age and body mass index.?’ The recommendations from several reviews and original research studies

highlight the VISA-A is not valid and should not be used in research or clinical practice.'! 121920



98 The newly developed TENDINopathy Severity assessment — Achilles (TENDINS-A) assesses the severity of the
99 Tendinopathy Core Health Domain of Disability,” and consists of questions covering sub-domains of pain,
100  symptoms, and physical function related to Achilles tendinopathy.?! The TENDINS-A has adequate content
101 validity, being co-designed by people with Achilles tendinopathy, expert clinicians and researchers.?! Whilst the
102 TENDINS-A has sufficient content validity, the structural validity and other measurement properties of this new
103  PROM (e.g., reliability) remain unknown.
104  Objective
105  The objective of this study was to evaluate the construct validity (including structural validity and hypothesis
106 testing), reliability (including test-retest reliability, measurement error and internal consistency) and minimal
107  important change of the TENDINS-A.
108  Hypotheses
109 The TENDINS-A will have adequate criteria-based structural validity, demonstrate moderate significant
110  correlations to commonly utilised PROMS for Achilles tendinopathy'® [VISA-A and Foot and Ankle Outcome
111 Score (FAOS)], no correlation to unrelated constructs such as baseline characteristics (e.g., age or body mass
112  index) and excellent reliability.
113 METHODS
114 Study Design
115 Cross-sectional cohort study evaluating the psychometric properties of the TENDINS-A.

116 Participants and setting

117 We used a network of greater than 20 clinicians known to the research team (exercise scientists, general

118 practitioners, orthopaedic surgeons, physiotherapists, podiatrists, rheumatologists and sport and exercise

119 physicians) and Achilles tendon researchers to identify participants with either mid-portion or insertional

120 Achilles tendinopathy and provide them with our online survey using Qualtrics (convenience sampling). This
121 was accessed via a quick response (QR) code or anonymous web link. Any person over the age of 18 years, who

122 could read the English language, with self-reported Achilles tendinopathy was eligible.

123 Inclusion criteria

124 Participants self-identified as having Achilles tendon pain and were provided with a pain map of established
125 locations of Achilles tendon symptoms and asked to select all markings that corresponded to their region of pain

126 (which is superior to both palpation and ultrasound tissue characterisation for pain localisation).?? Participants
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who selected the insertion of mid-portion Achilles tendon were included within this validation study and this
methodology provides ‘near-perfect’ agreement to Sports Physician diagnosis of Achilles tendinopathy.?
Outcome measures

All outcome measures were completed by participants within a single survey and the survey forced responses to
avoid missing data.

Participant characteristics

Age (years), sex (male/female/intersex), height (cm), body mass (kg), ethnicity, country of residence, languages
other than English spoken by the participant (self-reported), whether the participant performed moderate to
vigorous physical activity (MVPA) most days (yes/no), highest level of education, work status and total
household income were reported.

TENDINopathy Severity assessment — Achilles (TENDINS-A)

The original TENDINS-A (which consists of 13 scoreable items numbered 3, 4, 6, 7, 8, 10, 11, 12, 13A, 13B,
13C, 13D, 13E, and 4 non-scoreable items numbered 1, 2, 5, 9) was provided to participants as the first PROM
within the survey and was scored between 0 and 100, with ‘0’ representing a perfect score (no disability) and
100’ representing complete disability.?! If participants were unable to perform one of the pain-with-loading
tests (e.g., single leg hop), they were instructed to leave it blank and a score of ‘10’ was provided.

Participants completed the TENDINS-A prior to the FAOS and the VISA-A. Directly after completing the
VISA-A questionnaire, the TENDINS-A was immediately repeated. This ensured the clinical status of
participants was unchanged,?* whilst still allowing for any potential interference effects. Specifically, the
participant would be unable to remember responses to the initial TENDINS-A as they have no option to go back
in the survey and 50 questions (i.e., the VISA-A and FAOS) separated the initial and then repeated TENDINS-
A.

Foot and Ankle Outcome Score

The 42-item FAOS? was performed following the TENDINS-A, with a mean total score calculated for the
purposes of this study and used for hypothesis testing. A score of ‘0’ represented a perfect score (no disability),
with a score of ‘100’ representing complete disability. The FAOS is a reliable tool and has adequate internal
consistency,? however it has inadequate content validity (as it was not developed for Achilles tendinopathy) and
its construct validity in Achilles tendinopathy is unknown.

Victorian Institute of Sport Assessment — Achilles
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The 8-item VISA-A!7 was performed following the FAOS and used for hypothesis testing. The VISA-A is
inversely scored when compared to the TENDINS-A and FAOS with a score of ‘100’ represented a perfect score
(no disability), and a score of ‘0’ representing complete disability. Where participants selected multiple
responses in item § (related to how much physical activity can be performed before cessation due to symptoms
is required), the lowest score was retained for analysis. The VISA-A is a reliable tool and has adequate internal
consistency,'” however it has inadequate content validity'' and construct validity."

Power calculation

Study size was informed by the recommendations of the COSMIN risk of bias checklist'3 ' rather than formal
power calculations. Questions 1, 2, 5 and 9 are not scored in the TENDINS-A; therefore the PROM was initially
considered to have 13 scorable items as one item has five secondary scales.?! COSMIN guidelines suggest that
six-times the number of persons to items is adequate for assessing structural validity using classical test theory, '
14 thus the minimum sample size for this study was determined to be 78 persons. We also required all
communalities in exploratory factor analysis (EFA) to be >0.3, thus samples of <100 participants are justified.?
Furthermore, a sample of >50 participants is considered adequate for reliability and internal consistency. ' 14
Statistical analysis

The different statistical analyses, per each measurement property, are described below. All statistical analyses
were performed within IBM SPSS statistics (version 29.0), or IBM SPSS Amos (version 29.0) and we have
provided a glossary of statistical terminology used in Table 1. Where appropriate, confidence intervals are
presented, and statistical significance was considered when p<0.05.

For the purposes of clarity in this manuscript, when referencing an Item (e.g., Item 7) these will always be in
reference to the original 13 items of the TENDINS-A. However, item numbers for the final TENDINS-A
(presented as an appendix) are different and have been re-ordered to avoid confusion (e.g., labelled 1-10).

Table 1. Glossary of statistical terminology

Term Definition

Bartlett’s test of Assesses the probability that the correlation matrix has significant correlations
Sphericity amongst items in the dataset, which is a requirement for factor analysis.
Communality Proportion of the common variance for an individual item, relative to all factors.

Comparative Fit Index | Assessment of model fit by quantifying discrepancies between the sample data and

the model while adjusting for sample size.
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Eigenvalues Quantification of the proportion of the variance accounted for by an individual
factor.

Kaiser-Meyer-Olkin An assessment of whether data is appropriate for factor analysis by determining the

Measure of Sampling proportion of variance among all items that might be from a common variance.

Adequacy

Root-mean-squared Estimate of the discrepancy the sample data and the model-implied data covariance

error of the matrices per degree of freedom.

approximation

Scree Plot Graphical representation of eigenvalues to visually assess when new factors are
unlikely to explain a sufficient level of the variance.

Standardised Root Square root of the calculated discrepancy between the sample covariance matrix

Measure Square and the model covariance matrix.

Tucker-Lewis Index Measure of goodness of fit in the analysis of covariance structures.

Dimensionality

We performed EFA for all scoreable items using SPSS Statistics to assess dimensionality. To proceed to
confirmatory factor analysis (CFA), we required all communalities to exceed 0.3,%” required the Kaiser-Meyer-
Olkin Measure of Sampling Adequacy to exceed 0.7 2® and for Bartlett’s test of Sphericity to be significant
(p<0.01),” which are all recognised criteria for progression to factor analysis.

Factors were eligible for inclusion within EFA where the Eigenvalues exceeded 1.0 (which are deemed
substantial). The Scree plot was also visually inspected and additional models were performed to include more/
less factors, based on author (MCM) judgement and with the TENDINS-A being proposed to measure three
factors related to disability: pain, symptoms and function.?! A principal axis factoring method was used to
determine our initial factor matrix. As per standard practice, factors were considered meaningful when an item
loaded at >0.4 for that factor.° As ‘disability’ is a domain that reflects pain, symptoms and function,” we
hypothesised the TENDINS-A to have three factors identified by EFA.

Structural Validity

Confirmatory factor analysis was performed using SPSS Amos (22) to assess structural validity. We included all
three factors (which were identified in the EFA and TENDINS-A content validity study),?! within the initial

model, and then removed variables as needed to achieve the best fit. Items with categorical (yes/ no only)



196 responses were not included within CFA (not appropriate for CFA but had been tested in EFA). Models were
197 tested and selected based off the best root-mean-squared error of the approximation (RMSEA) and overall
198 model chi-squared statistics, with a lower chi-squared statistic representing a better model fit. An overall
199 acceptable model would require a Comparative Fit Index (CFI) OR Tucker-Lewis Index (TLI) of >0.95 AND

200 RMSEA of <0.06 or Standardised Root Measure Square (SRMS) of <0.08.13

201  The CFA provided standardised factor loading and error variance per item. Composite reliability of >0.70 is
202 considered adequate.’! Composite reliability was calculated using the formula below when A = standardised

203  factor loading and ¢ = error variance:

X 4)?

204 Composite reliability = A2+ (e)

205 Convergent validity was assessed using the average variance extracted (AVE). An AVE of >0.50 is considered
206 adequate.*? The AVE was calculated using the formula below when A = standardised factor loading and € = error
207  variance:

iz A7

208 Average variance extracted =
LA+ Y Var(e)

=174

209

210  The criteria for adequate structural validity of the final model were:

211 1. CFIorTLI>0.95,

212 2. RMSEA of <0.06 or SRMS of <0.08,"3
213 3. Composite Reliability >0.70,3' and
214 4. AVE >0.50.%?

215 Test-retest reliability

216 Test-retest reliability of the TENDINS-A was calculated as a continuous scale. The absolute and relative test-
217 retest reliability (which is a sub-type of reliability and demonstrates how closely someone will generate the
218 same score on a PROM when repeated in a specified timeframe) were determined.>* Relative test-retest

219 reliability was reported as the intraclass correlation (ICC), with a two-way mixed approach used to assess
220 absolute agreement of a single measure.* Absolute test-retest reliability is a sub-type of reliability and

221 demonstrates the degree of uncertainty in a measurement. For example, measurements with more uncertainty
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will have greater measurement error, hence it is systematic and random error that is not reflective of true
change.?* The standard error of the measurement®> was calculated using the following equation:

Standard error of the measurment = SDpgse1ineV1 — ICC
Minimal important change
The Minimal important change (MIC) and 95% confidence intervals was calculated using a distribution-based
method,*® using the following equation:

SDhaseline

Minimal important change = >

Internal consistency

Internal consistency is a sub-type of reliability that investigates whether different items that measure the same
construct give comparable outcomes. The internal consistency for the entire 13-item TENDINS-A was
calculated using the average inter-item correlation and a Cronbach’s Alpha was reported with a positive rating
given for values >0.7.13

Convergent and divergent validity

In addition to the convergent validity assessed using CFA, we also assessed convergent and divergent validity of
the TENDINS-A scale using a correlation between scores of the TENDINS-A and another PROM theorised to
measure the same overall core health domain of tendinopathy (disability)” !° or unrelated constructs, such as age
and BMI (given they are continuous variables that should not be related to tendon-related disability). The
TENDINS-A, FAOS and the VISA-A were assessed for normality using visual assessment and the one-sample
Kolomogorov-Smirnov Test. For normally distributed data the Pearson’s correlation coefficient was used and for
non-normally distributed data the non-parametric Spearman rho correlation was used. Correlations were
considered very weak (between 0-0.25), weak (0.26-0.49), moderate (0.5-0.69), strong (0.7-0.89) and very
strong (0.9-1).

Comparison between sub-groups

To ensure that significant difference between sub-groups did not exist we calculated between-group differences
for key baseline characteristics [sex (male/ female), MVPA most days (yes/no), multilingual status (yes/ no), and
whether tendon loading activities are typically performed daily (yes/no)] using independent t-tests.

Equity, diversity and inclusion

The authorship group are of diverse gender, geographical location and research experience. Furthermore, the
participants included in this study were diverse in relation to many demographic variables (e.g., sex, age, BMI,

geographical location or education level).
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RESULTS

Participants

Seventy-nine (n=79) participants (51% female, 49% male) provided survey data and were included within our
analysis with no missing data. Participants had a mean (SD) age of 42.6 (13.0) years, height of 175.0 (11.7) cm
and body mass of 82.0 (19.1) kg. Participants were predominantly of ‘Australian’ ethnicity (79.7%) and were
not multi-lingual (64.6%) with those multilingual participants predominantly having English as their first
language (53.6%). A significant number of participants reported that they performed MVPA most days (69.6%).
Participant education level and employment varied, with most having completed tertiary studies (74.6%) and
working full time (63.3%). Income levels ranged from less than $30,000 Australian Dollars (AUD) (5.1%) to
greater than $200,000 AUD (27.8%), per annum. The activities that aggravated the pain of participants with
Achilles tendinopathy varied: walking slow (15.2%), walking fast (44.3%), walking up and down stairs (43.0%),
running up and down stairs (46.8%), running slow (60.8%), running fast (54.4%), hopping and jumping
(62.0%), and rapidly changing direction while running (44.3%). The complete breakdown of participant
characteristics is provided in Appendix A.

Uni-dimensionality

Bartlett’s test of Sphericity suggested that the results of our correlation matrix were not random [y*(78) = 708,
p<0.001]. Our Kaiser-Meyer-Olkin Measure of Sampling Adequacy (0.811) far exceeded the minimum cut-off
of 0.70. Thus, our correlation matrix was appropriate. The extracted communalities (Mean=0.67, SD= 0.16,
Range= 0.18 to 0.93) for all but three items (items 6, 8 and 12) exceeded our cut-off score for CFA inclusion
(Appendix B).

Principal axis factoring analysis was performed and the initial Eigen values of three factors exceeded 1.0 (see
appendix C), explained 67.9% of the total variance and the first factor accounted for >20% of the variability.
The three identified factors were included within the Factor Matrix, and associated factor loading per item, are
presented within Table 2. However, no items were associated with a loading of >0.4 on Factor Three.

Table 2. Factor Loading with Principal Axis Factoring Analysis for all items with loading >0.4 (n=79).

TENDINS- A | Factor One | Factor Two | Factor Three

Item 3 0.412 0.400

Item 4 0.496 0.479

Item 6




Item 7 0.644
Item 8 0.504
Item 10 0.672
Item 11 0.614

Item 12

Item 13A 0.731

Item 13B 0.888

Item 13C 0.915

Item 13D 0916

Item 13E 0.917

278  *Blank cells represent loading of <0.4

279 Structural Validity Several Maximum Likelihood Estimates CFA models were trialled, informed by the factor
280 loading from EFA, and subscales from our content validity study to generate our final CFA model. The best
281 model used three factors [a) Pain, b) Symptoms, and ¢) Function] and eight items (Figure 1). Question 12 was
282 excluded because of poor EFA initial communality, non-meaningful factor loading within EFA and being unable
283 to load onto either of the three factors within CFA. Question 13A and 13B were removed as their exclusion
284 resulted in substantially improved model fit (Appendix D). The scoring for the remaining 12 questions was

285 amended to maintain a score range from 0 to 100, as presented within Appendix E.

286  In the final model, the chi-squared statistic was ¥*(22)= 39.2, the CFI was 0.959, the TLI was 0.947, the
287 RMSEA was 0.101 and the SRMS was 0.068, indicating sufficient structural validity. The model was also
288 assumed accurate with CMIN/DF= 1.796, parsimony comparative fit index= 0.753 and parsimony normed fit

289 index=0.717.

290 The standardised factor loadings and error variance for the final model are included within Table 3. The

291 correlation between ‘Pain’ and ‘Symptoms’ was estimated at 0.642 with significant covariances (Estimate=
292 4.104, standard error=1.101 and composite reliability= 3.728, p<0.001). The correlation between ‘Pain’ and
293 ‘Function’ was estimated at 0.668 with significant covariances (Estimate= 5.424, standard error= 1.300 and
294 composite reliability=4.171, p<0.001). The correlation between ‘Symptoms’ and ‘Function’ was estimated at
295 0.275 with significant covariances (Estimate= 2.818, standard error= 1.353 and composite reliability= 2.082,

296  p=0.037).
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Table 3. Standardised Factor Loadings of the TENDINS-A (n=79)

Factor Standardised Factor
TENDINS- A Error Variance
Loading
Item 11 Pain 0.643 0.587
Item 3 Pain 0.605 0.634
Item 4 Pain 0.627 0.607
Item 7 Symptoms 0.741 0.451
Item 10 Symptoms 0.855 0.269
Item 13C Function 0.921 0.152
Item 13D Function 0.975 0.049
Item 13E Function 0.967 0.065

Internal consistency. For the 8-items assessed using CFA included in TENDINS-A theorised to measure

‘disability’, the internal consistency was 0.842, hence displaying sufficient internal consistency.

Composite reliability. For the 8-items assessed using CFA included in TENDINS-A theorised to measure

‘disability’, the composite reliability was 0.934, hence displaying sufficient composite reliability.

Convergent validity. For the 8-items assessed using CFA included in TENDINS-A theorised to measure

‘disability’, the AVE was 0.648, hence displaying sufficient convergent validity.

Thus, our final CFA model could determine the contribution of different items in measuring ‘Pain’, ‘Symptoms’
and ‘Function’ and the TENDINS-A has sufficient structural validity. Consequently, the scores for the remaining
items were amended to ensure the TENDINS-A retained a maximal score of 100 (40 units for ‘Pain’, 30 units
for ‘symptoms’ and 30 units for ‘function’). Questions 6 and 8 were also excluded from CFA modelling being
dichotomous (Yes/No) items but were retained within the complete TENDINS-A in the ‘symptoms’ domain. All

subsequent analyses therefore relate to the revised TENDINS-A, presented in Appendix E.
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Distribution of data

Whilst data for the TENDINS-A (Kolomogorov-Smirnov test statistic=0.09, p=0.097) and the VISA-A
(Kolomogorov-Smirnov test statistic= 0.06, p=0.200) were normally distributed, the FAOS were not
(Kolomogorov-Smirnov test statistic= 0.12, p=0.019). The TENDINS-A data had a minimum score of 0 and a
maximum score of 100. The mean (SD) of the TENDINS-A was 47.89 (24.71) points, the FAOS was 23.60
(18.63) percent, and the VISA was 53.58 (23.96) points. The mean (SD) of the repeated TENDINS-A was 44.34
(24.16) points.

Reliability

Intraclass correlation co-efficient

The 10-item TENDINS-A mixed-effect ICC for absolute agreement of a single measure was ICC= 0.930 (95%
CI=0.881 to 0.959), p=<0.001.

Internal consistency

The Cronbach’s Alpha for the 10-items of the TENDINS-A was reported as a=0.808, representing excellent
internal consistency.

Standard error of the measurement

The TENDINS-A standard error of the measurement was calculated as 6.54 units.

Minimal important change

The MIC for the 10-item TENDINS-A was calculated as 12.36 (95% CI= 5.46 to 19.25) units of difference,
representing 25.6% points of change from a mean TENDINS-A score of 47.89.

Convergent validity

The TENDINS-A exhibited a moderate positive correlation with the FAOS (rho=0.598, 95%CI= 0.408 to 0.738,
p<0.001), and a moderate, negative correlation with the VISA-A (r=-0.639, 95%CI= -0.764 to -0.467, p<0.001).
Divergent validity

The TENDINS-A showed no evidence of a statistically significant association with age (p=0.426) or BMI
(p=0.189).

Comparison between sub-groups

Between-group differences (Table 4) were observed for self-reported MVPA most days, with those performing
moderate to vigorous physical activity most days having a lower TENDINS-A score (p=0.002) and males
reported a lower TENDINS-A score (p=0.044). No differences in TENDINS-A score were observed for those

performing specific tendon-loading exercise versus those who did not (p=0.079), or whether participants were



340  multi-lingual (p=0.397). As more males performed MVPA than females in our sample, we performed a post hoc
341  linear regression model to assess whether group differences due to sex were a result of higher levels of MVPA in
342 males than females. The model supported this idea, with no association between the TENDINS-A score and sex
343  (p=0.061) after adjusting for MVPA [17.7 (95%CI= 6.46 to 28.97) unit increase in TENDINS-A score,

344 p=0.002].

345  Table 4. Between group differences in TENDINS-A score.

Mean (SD), Mean Test statistic p-value
range Difference (Independent t-
(SED) test)
Moderate to Yes (n=55) 37.69 (23.08), -18.81 (5.91) -3.18 0.002*
vigorous 0-91
physical activity | No (n=24) 56.50 (26.54),
most days 5-98
Sex Male (n=39) 37.56 (23.27), | -11.54(5.63) -2.048 0.044*
5-98
Female 49.10 (26.64),
(n=40) 0-91
Tendon-loading | Yes (n=43) 38.79 (22.35), -10.13 (5.69) -1.779 0.079
exercise 5-86
performed most | No (n=36) 48.92 (28.23),
days 0-98
Multilingual Yes (n=28) 48.79 (23.57), 8.34 (5.97) 1.396 0.167
5-91
No (n=51) 40.45 (26.32),
0-98

346
347 Abbreviations: SD= standard deviation; SED= standard error of difference; n= number; range= min to max
348 * p<0.05

349 DISCUSSION
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The present investigation evaluated the construct validity (consisting of structural validity and hypothesis
testing), as well as reliability (consisting of internal consistency, test-retest reliability and measurement error) of
the TENDINS-A. Based on this investigation, we present a revised TENDINS-A (Appendix E) that still includes

all original questions, but only 10 of the original questions are scoreable.

The 10-item TENDINS-A, proposed to provide an overall measure of ‘disability’, demonstrated sufficient
construct validity for three factors (pain; symptoms; function) and reliability, supporting its use in clinical and
research settings. Furthermore, with normally distributed scores, there was no evidence of floor or ceiling
effects within the sample. The TENDINS-A has a median completion time of ~8 minutes and is also likely to be
meaningful to people with a lived experience of Achilles tendinopathy, as the research team included such

individuals to inform its development.?!

All continuous variables of the TENDINS-A, after the removal of item 12, 13A and 13B, were able to load onto
one of three factors: pain, symptoms or function. The core health domain of ‘disability’ is defined as the
“composite scores of a mix of patient-rated pain and disability due to the pain, usually relating to tendon-
specific activities/tasks,” and included in tools such as the VISA-A.” !¢ Thus, the TENDINS-A is proposed to
have adequate structural validity and measure the overall composite of disability, using scores from items
related to ‘pain’, ‘symptoms’ and ‘function’. Therefore, the TENDINS-A is the only current PROM quantifying

Achilles tendinopathy related disability with adequate content?!

and structural validity and should be used in
place of all other PROMs. Researchers may still wish to use the VISA-A in addition to the TENDINS-A to allow

for comparisons to previous research, but only the TENDINS-A should be used to report primary outcomes.

The reliability of the TENDINS-A is excellent (ICC>0.90). We opted to assess test-retest reliability on a single
day as tendinopathy pain and symptoms are known to fluctuate daily.>* The internal consistency of the
TENDINS-A was also excellent (¢>0.80), ensuring all items were being scored consistently. The terminology
surrounding the minimal detectable change, MIC and minimal clinically important difference (MCID) is
confusing and for the purposes of discussion we have included all available comparisons. We calculated the
minimal important change (MIC=12.4 units) of the TENDINS-A using a distribution-based method. This is
larger than the MIC for the VISA-A, which is reported as between 7.8 to 8.2.37 A study using an anchor-based
method in the VISA-A reported the MCID as 14 units,* which is comparable to our estimated measure. Another
study using the VISA-A estimated the MCID to be 6.5 units, however this was estimated from a selective

sample of 15 participants with insertional Achilles tendinopathy, which may also explain the smaller MCID.*
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To characterize the magnitude of change on the TENDINS-A that is meaningful to individuals with Achilles
tendinopathy, future longitudinal studies are needed to estimate the minimal clinically-important difference

(MCID).

The TENDINS-A demonstrated moderate correlations to both the VISA-A and FAOS, which is expected given
they are proposed to measure the same overall health domain of disability.'® We did not expect strong
correlations to the VISA-A or FAOS given the limitations of the VISA-A,' 1215 which we theorised would
extend to the FAOS as it is also lacking content validity. This lack of a strong correlation may be due to the
TENDINS-A being a superior PROM to the FAOS and VISA-A (given the established content and structural
validity of the TENDINS-A). The lack of a strong correlation can also result from the absence of a gold standard
outcome measure for disability. Alternatively, we theorised the TENDINS-A should not have been associated
with baseline characteristics such as age or BMI, and this was confirmed by our analysis. This differs from the
VISA-A, whose total score is significantly associated with age and BMI,?’ reflecting a problem for previous

studies using the VISA-A that did not adjust for age or BMI within the statistical analysis.

None of our specified sub-groups (sex, being multilingual, MVPA most days, tendon-loading exercise most
days) showed a floor or ceiling effect. We expect this is likely due to items of the TENDINS-A being
specifically linked to the function and aggravating tasks typically performed by the participant, making it
suitable for both sedentary and physically active people with Achilles tendinopathy. Performing MVPA most
days was associated with a lower TENDINS-A score, as expected. This is most likely a consequence of the
numerous health benefits of physical activity.*’ Alternatively, the inactive group may undertake less tendon-
specific loading exercise and aggravate the Achilles less. However, this seems unlikely, as performing tendon-

loading activity was also assessed and no significant effect detected.

Limitations

The sample for this study, whilst diverse in some respects, was heavily reliant on participants living in Australia.
While other PROMS for Achilles tendinopathy showed acceptable cross-cultural validity in other languages,*' +?
future research on cross-cultural adaptation of the TENDINS-A is needed. Cross-cultural adaptation of the

TENDINS-A is currently being performed by several different research groups internationally and these data

can also be used to assess differential item functioning.
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Self-report may have resulted in a misdiagnosis of Achilles tendinopathy. However in this study, we enhanced
diagnostic accuracy by implementing a standardized pain map.?? A prior investigation demonstrated a 93%
concordance between patient-reported Achilles tendinopathy when using a pain map and diagnoses made by a
physician.?? These findings suggest that, in the majority of cases, self-reported Achilles tendinopathy aligns with

the clinical diagnosis.

Finally, further details related to medical co-morbidities and medication usage** would have allowed analysis of

their influence on total score and would be recommended in future research trials.

CONCLUSION

Our evaluation of the revised TENDINS-A (Appendix E), which includes 10-scoreable items across three sub-
domains of pain, symptoms and physical function has adequate construct validity and reliability. These findings,
and previously established content validity, ensure that the revised TENDINS-A with 10-scoreable items can be
recommended for immediate use in both research and clinical practice, being the preferred tool over the VISA-A

and FAOS to assess disability in individuals with Achilles tendinopathy.
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Figure 1. Factor Loading within Confirmatory Factor Analysis

Legend: Small circles to the left of the diagram (e.g., E11) represent error related to each item. Medium sized
circles (e.g., Item 11) represent scores for each TENDINS-A item (known as indicators). Large circles to the
right of the diagram (e.g., PAIN) represent factors causing disability (known as unobserved or latent variables).
Arrows linking factors and items represent the standardised factor loading for each item. Arrows linking factors

represent covariance between factors.
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