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Background  
There is concern that the prolonged symptom duration commonly observed in Achilles 
tendinopathy may alter pain processing and lead to development of central sensitization. 
If true, presence of altered pain processing could explain why nearly one third of 
individuals with Achilles tendinopathy do not respond to gold standard treatment. 
Currently, the relationship between symptom duration, symptom severity, pain, and 
central sensitization in Achilles tendinopathy is unclear. 

Purpose  
The purpose of this study was assess the proportion of individuals with midportion 
Achilles tendinopathy who may have central sensitization, as defined by the Central 
Sensitization Inventory (CSI) part A questionnaire. A secondary aim was to assess the 
relationship between symptom duration, pain intensity, symptom severity and CSI 
scores. 

Study Design   
Cross-Sectional Study 

Methods  
Individuals diagnosed with midportion Achilles tendinopathy were included (n=182, 57% 
female (47.3±12.7 years). Bivariate correlations were used to evaluate relationships 
between symptom duration (time between date of symptom onset and date of study 
enrollment), symptom severity (assessed by Victorian Institute of Sport 
Assessment-Achilles, VISA-A), and pain intensity (assessed by Patient-Reported 
Outcomes Measurement Information System 29, PROMIS-29) with CSI scores. 

Results  
Nine of 182 individuals (4.9%, 9 females) scored above the clinical cut off for CSI, 
indicating likely presence of central sensitization. Duration of symptoms did not 
correlate with CSI score (r = 0.037, 95% CI [-.109, .181] p=0.622). VISA-A had a significant 
negative correlation with CSI score (r=-0.293, [-.420, -.154] p<0.001), and pain intensity 
had a significant positive correlation with CSI score (r=0.195, [.051, .331] p=0.008). 

Conclusion  
Less than five percent of individuals with midportion Achilles tendinopathy met criteria 
for likely presence of central sensitization as defined by the CSI screening questionnaire. 
The study findings suggest prolonged symptom duration among those with midportion 

Corresponding Author: 
Karin Grävare Silbernagel, PT, ATC, PhD, FAPTA 
Department of Physical Therapy and the Biomechanics and Movement Science Program, University of Delaware 
540 S College Ave, Newark, DE 19713 
kgs@udel.edu. 

a 

Potter MN, Smitheman HP, Butera K, Pohlig RT, Silbernagel KG. Symptom Duration is
not Related to Central Sensitization Inventory in Midportion Achilles Tendinopathy.
IJSPT. 2025;20(5):696-705. doi:10.26603/001c.134038

https://doi.org/10.26603/001c.134038
mailto:kgs@udel.edu
https://doi.org/10.26603/001c.134038


Achilles tendinopathy is unlikely to increase the occurrence of symptoms associated with 
central sensitization. 

Level of Evidence    
Level 4 

INTRODUCTION 

Achilles tendinopathy is a common overuse injury in which 
loading activities such as running, jumping, and walking 
elicit pain in the Achilles tendon. This injury is common 
in both active and sedentary populations,1‑3 and negatively 
impacts physical activity levels,4 work participation,4,5 and 
overall quality of life.4‑6 Tendon recovery is slow, with esti
mation of full recovery from tendinopathy taking up to one 
year.7 Individuals who seek treatment present with large 
variations in symptom duration (a few months to years).8 

While most individuals have significant improvement with 
the gold standard treatment, progressive loading exercises, 
up to 30% of individuals do not experience full symptom re
lief.9‑11 The continued pain experienced by nearly a third of 
individuals with Achilles tendinopathy is concerning given 
that chronic pain, often defined as pain present for more 
than three months,12 may be related to altered pain pro
cessing by the central nervous system.13 Consequently, 
there is a concern that prolonged or chronic symptom du
ration in those with Achilles tendinopathy may be related 
to a central pain issue, such as central sensitization, rather 
than a peripheral pain issue. 

Central sensitization is defined as the hyperexcitability 
of neural signaling in the central nervous system resulting 
in pain hypersensitivity to both painful and nonpainful in
puts.13,14 Commonly, those with central sensitization have 
pain for prolonged periods of time and the pain experienced 
is not in proportion to the tissue injury or lacks nociceptive 
input entirely.14 This mismatch suggests maladaptive 
changes or dysfunction within the central nervous systems’ 
processing of pain.14 Central sensitization is common in 
those with musculoskeletal injury, and can be problematic 
as its presence is associated with poor outcomes following 
treatment14‑19 and worse quality of life.14,20,21 Therefore, 
it is beneficial to proactively identify the presence of cen
tral sensitization in patients in order to ensure appropriate 
treatment strategies.14,18 Given the long symptom duration 
observed in Achilles tendinopathy and that approximately 
30% do not respond to gold standard treatment, it is im
portant to evaluate if central sensitization is present in 
this population, and if central sensitization correlates with 
symptom duration. Additionally, symptom severity and 
pain intensity are commonly evaluated by clinicians treat
ing patients with Achilles tendinopathy. Understanding 
whether high symptom severity or pain intensity relates to 
central sensitization may aid clinicians in identifying indi
viduals who may have central sensitization contributing to 
their symptoms. 

Current literature on the presence of central sensitiza
tion and its relationship with symptom duration among 
those with Achilles tendinopathy is mixed. Studies report 
6-49% of those with Achilles tendinopathy meet the criteria 

for central sensitization based on screening questionnaires, 
such as the Central Sensitization Inventory (CSI) part 
A.22‑24 Other studies conclude central sensitization, as 
measured by quantitative sensory testing, is not present 
in individuals with Achilles tendinopathy.25,26 Further, the 
relationship between symptom duration and central sen
sitization is reported to have either no correlation or a 
weak positive correlation.8,22,27 Collectively, the inconsis
tencies in the literature regarding the presence of central 
sensitization and its relationship with symptom duration 
in Achilles tendinopathy may be attributed to differences 
in methodology, such as the use of screening tools versus 
quantitative sensory testing. Additionally these inconsis
tencies may arise from the common practice of pooling 
data from individuals with tendinopathy at different body 
regions to achieve larger sample sizes.8,22‑24,26,27 Pooling 
data of tendinopathies from different locations is prob
lematic as prior evidence shows pain processing differs in 
tendinopathies in the in the upper and lower extremities.8,

26 Even within the same body region, pain processing in the 
Achilles tendon differs from other foot tendinopathies.27 

Therefore, there is a need to evaluate the presence of cen
tral sensitization and the relationship between symptom 
duration and central sensitization in a single, large cohort 
of a tendinopathy at a single location. 

The purpose of this study was assess the proportion 
of individuals with midportion Achilles tendinopathy who 
may have central sensitization, as defined by the CSI part 
A questionnaire.28 A secondary aim was to assess the rela
tionship between symptom duration, pain intensity, symp
tom severity and CSI scores. 

METHODS 

This is a cross-sectional study using the baseline data from 
a longitudinal clinical trial (ClinicalTrials.gov; 
NCT03523325) assessing sex differences in the response to 
treatment for midportion Achilles tendinopathy. 

PARTICIPANTS 

The inclusion criteria for the study were individuals be
tween the age of 18 and 65 years with a clinical diagnosis 
of midportion Achilles tendinopathy. The diagnostic cri
teria were based on participant report of symptoms and 
presence of pain in the midportion of the Achilles tendon 
with activity. The diagnosis was confirmed with clinical di
agnostic tests.7 Exclusion criteria were having insertional 
Achilles tendinopathy, history Achilles tendon rupture, re
cent steroid injection to the Achilles tendon, or injury 
which prevented participation in the exercise program or 
testing protocol. Participants were enrolled from July 2018 
through February 2023. Prior to participant enrollment, the 
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study was approved by the University of Delaware Insti
tutional Review Board and participant informed consent 
was obtained. One hundred and eighty-two individuals (79 
males, 103 females) were included for this analysis. Data 
used in this study came from an existing study, therefore no 
a priori power analysis was performed. Power calculations 
for the original study indicated a sample of at least 160 peo
ple was required for its primary aims. 

DEMOGRAPHICS 

Patient information, including, age, sex, past medical his
tory, and information relating to their current injury was 
collected through questionnaires. Current injury data in
cluded date of symptom onset, and affected side (left, right, 
or both). If bilateral symptoms were present, participants 
self-selected what side was more symptomatic. Height and 
weight were measured and used to calculate Body Mass In
dex (BMI). 

SYMPTOM DURATION 

Symptom duration was measured as the time (months) be
tween the self-reported date of symptom onset and the day 
of study enrollment. 

CENTRAL SENSITIZATION INVENTORY 

The CSI part A28 was utilized to determine a likely presence 
of central sensitization in study participants. CSI part A is 
a patient reported outcome measure made up of 25 ques
tions which assess different symptoms commonly associ
ated with central sensitization,28 and is a valid28 and reli
able29 questionnaire. Each question asks the frequency of a 
symptom on a 0 (never) to 4 (always) Likert scale. The sum 
score is between 0 and 100 with a higher score indicating a 
higher frequency of symptoms.28 A score of greater than or 
equal to 40 on the CSI has been previously established as a 
cutoff score distinguishing between those with and without 
conditions stemming from central sensitization.29 This cut 
off score had high sensitivity (81%) and an acceptable level 
of specificity (75%).29 Therefore, in alignment with the pre
vious literature, scores greater than or equal to 40 to indi
cate the participant may have central sensitization present 
were used in the present study. 

SYMPTOM SEVERITY 

The Victorian Institute of Sport Assessment-Achilles 
(VISA-A)30 was used to determine symptom severity. The 
VISA-A is a valid and reliable patient-reported outcome 
measure designed to assess symptom severity in those with 
Achilles tendinopathy.30 This questionnaire is also one of 
the core outcomes for evaluation of Achilles tendinopathy 
in both clinical and research settings.31 While this ques
tionnaire was originally developed for sport assessment, it 
has been used in numerous studies with athletic and non-
athletic samples.32 Scores on the VISA-A range from 0 to 
100 with lower scores indicating more severe symptoms.30 

Table 1. Participant Demographics (n=182)    

Sex, n, % 
Male 
Female 

79, 43.4% 
103, 56.6% 

Age (years) mean (SD) 47.3 (12.7) 

BMI* (kg/m2) mean (SD) 28.8 (6.2) 

Bilateral Symptoms, n, % 
Unilateral 
Bilateral 

109, 59.9% 
73, 40.1% 

*Body Mass Index (BMI) 

The VISA-A score for the self-reported most symptomatic 
side was used in the analysis. 

PAIN INTENSITY 

The pain intensity item from the Patient-Reported Out
comes Measurement Information System 29 (PROMIS-29) 
was used to represent participants’ average pain inten
sity.33 The question asks participants to rate their average 
pain intensity in the past seven days on a 0-10 visual analog 
scale, with 10 indicating the worst imaginable pain. The 
PROMIS-29, including the pain intensity item, are valid and 
reliable in evaluating health-related outcomes.33 

STATISTICAL ANALYSIS 

Study data were collected, managed, and de-identified us
ing REDCap electronic data capture tools hosted at Univer
sity of Delaware.34,35 Descriptive statistics for demographic 
variables, including percentage of participants with bilat
eral symptoms and average symptom duration are reported. 
Bivariate Pearson correlations were used to assess the re
lationships between symptom duration, CSI score, VISA-
A, and pain intensity. Interpretation of correlation values 
were made based on Schober and Schwarte.36 All statistical 
tests were performed in IBM SPSS version 29.0.1.0. 

RESULTS 

Participant demographics for the 182 participants included 
are presented in Table 1. 

SYMPTOM DURATION AND CENTRAL SENSITIZATION 
INVENTORY 

Nine of 182 (4.9%) individuals in the current study met the 
clinical cut off on the CSI (greater than or equal to 40). 
All nine individuals were female (Figure 1). There was no 
correlation between symptom duration and CSI score (r = 
0.037, 95% CI [-0.109, 0.181] p=0.622) (Figure 2). Symptom 
Duration and CSI are reported in Table 2. 

VISA-A, PROMIS PAIN INTENSITY AND CSI 

There was a significant weak negative relationship between 
VISA-A on the most symptomatic limb and CSI score (r 
= -0.293, 95% CI [-0.420, -0.154] p< 0.001), meaning, the 
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Figure 1. Distribution of Central Sensitization Inventory (CSI) score by sex. Clinical cut off score of 40 on CSI                  
indicated by dashed line.     

Figure 2. Relationship between symptom duration and Central Sensitization Inventory (CSI) score. Clinical cut             
off score of 40 on CSI indicated by dashed line. Fit line represented by solid line.                 

lower (i.e. worse) the symptom severity score, the higher 
the CSI score (Figure 3). There was a significant weak pos
itive correlation between PROMIS pain intensity and CSI 
score (r = 0.195, 95% CI [0.051, 0.331] p = 0.008), meaning 
the higher (i.e. worse) the average pain rating, the higher 
the CSI score (Figure 4). VISA-A and PROMIS Pain Intensity 
are reported in Table 2. 

DISCUSSION 

The purpose of this study was to evaluate the number of in
dividuals with midportion Achilles tendinopathy who score 
above the clinical cut off on the CSI, and to determine if 
symptom duration, symptom severity, or pain intensity cor
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Table 2. Symptom Durations, CSI, VISA-A, and PROMIS-29 Pain Intensity.         

Symptom Duration 
(months) 

Mean (SD) 

CSI Score* 
Mean (SD) 

CSI Score 
Min, Max 

VISA-A† Most Symptomatic 
Mean (SD) 

PROMIS 29‡ 
Pain Intensity 

Mean (SD) 

Group (n=182) 26.2 (45.6) 18.7 (11.8) 1, 64 49.5 (17.8) 4.0 (1.9) 

Male (n=79) 28.8 (45.7) 14.9 (9.1) 1, 38 56.6 (16.3) 3.4 (1.6) 

Female (n=103) 24.2 (45.6) 21.6 (12.7) 1, 64 44.1 (17.0) 4.4 (1.9) 

*Central Sensitization Inventory (CSI). †Victorian Institute of Sport Assessment-Achilles (VISA-A). ‡ Patient-Reported Outcomes Measurement Information System 29 (PROMIS-29) 

Figure 3. Relationship between Victorian Institute of Sport Assessment-Achilles (VISA-A) in the most            
symptomatic limb and Central Sensitization Inventory (CSI) score. Clinical cut off score of 40 on CSI indicated by                   
dashed line. Fit line represented by solid line.         

related with CSI score. In this large cohort (n=182), less 
than 5% of the individuals with midportion Achilles 
tendinopathy scored above the CSI cutoff score (notably all 
were females), indicating a likely presence of central sensi
tization. Additionally, symptom duration did not relate to 
CSI score. However, higher symptom severity and pain in
tensity was correlated with a higher CSI score. Based on the 
present findings, prolonged duration of symptoms may not 
be a contributing factor to central sensitization in individ
uals with midportion Achilles tendinopathy. 

There is a concern that prolonged symptom duration, 
commonly observed in Achilles tendinopathy, may alter 
pain processing and lead to the development of central sen
sitization. In turn, altered pain processing may partially 
explain why nearly one third of individuals with Achilles 
tendinopathy do not respond to gold standard treatment. 
Participants in the present study had a wide spread of 
symptom duration (five days to 274 months), which is rep
resentative of this population.8 The findings in the present 
study suggest longer symptom duration among those with 
midportion Achilles tendinopathy does not relate to in

creases in central sensitization type symptoms, as assessed 
by the CSI. These findings are consistent with previous 
literature which suggests pain associated with Achilles 
tendinopathy is likely a peripheral nociceptive pain con
dition.25‑27 Pain associated with midportion Achilles 
tendinopathy is typically intermittent, waxing and waning 
over periods of time,37 or only evoked with lower extremity 
loading. Given these periods without pain, or the absence 
of pain at rest, it is possible an alteration in pain processing 
does not occur in those with midportion Achilles 
tendinopathy as it does in other conditions, such as low 
back pain or knee osteoarthritis, where pain is typically 
more constant.38 

Less than 5% of individuals with midportion Achilles 
tendinopathy in the current study likely have central sen
sitization contribution present, per the CSI. This finding is 
consistent with Wheeler,22 who reported 6.1%, in a sam
ple of 33 individuals with non-insertional tendinopathy, 
met the clinical cut off score for the CSI.22 The average 
CSI score in the present study’s sample was low, at about 
half the value of the clinical cut off score. Despite the low 
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Figure 4. Relationship between Patient-Reported Outcomes Measurement Information System 29 (PROMIS 29)           
Pain Intensity and Central Sensitization Inventory (CSI) score. Clinical cut off score of 40 on CSI indicated by                   
dashed line. Fit line represented by solid line.         

average, there was still a significant correlation between 
both average pain intensity and symptom severity with CSI 
score. However, the correlations were both weak.36 There
fore, high symptom severity or pain intensity in those with 
midportion Achilles tendinopathy are unlikely to be strong 
indicators to clinicians in identifying individuals who may 
have central sensitization contributing to their clinical pre
sentation. 

It was not surprising that only females scored above the 
clinical cut off on the CSI, since previous literature in
dicates healthy and injured females report more pain or 
greater pain intensity than their male peers.39,40 Females 
also make up a larger proportion of those diagnosed with 
chronic pain conditions.39,40 Previous literature indicates 
females with musculoskeletal injuries tend to score higher 
on the CSI compared to males with the same musculoskele
tal injury.22,41,42 Therefore, the findings from the present 
study may reflect that females are more likely to have cen
tral sensitization or report more pain than their male 
peers.40 There is a paucity in the Achilles tendinopathy lit
erature which evaluates sex differences in pain with this in
jury.43 Overall, these findings support the need to further 
evaluate sex differences as it relates to pain in those with 
Achilles tendinopathy. 

LIMITATIONS 

The current study is not without its limitations. Since the 
CSI is a screening questionnaire, it cannot be used for the 
diagnosis of central sensitization.28 Instead, scoring at or 
above the clinical cut off of 40% indicates likely presence 
of central sensitization and suggests further evaluation to 

diagnose central sensitization.28,29 However, the findings 
are consistent with the Plinsinga et al. in which quanti
tative sensory testing, a common method to evaluate for 
central sensitization, were used to conclude that Achilles 
tendinopathy is predominately a peripheral pain state.25 

Additionally, while the CSI has been validated in numerous 
musculoskeletal pain populations,42,44 it has yet to be val
idated specifically for Achilles tendinopathy. However, a 
strength of the current study is that it evaluated central 
sensitization in a large sample from a single study cohort 
with the same type of tendinopathy. To the best of the au
thors’ knowledge, this is the largest single cohort study to 
evaluate the CSI, or any measurement of central sensitiza
tion, among those with midportion Achilles tendinopathy. 

CONCLUSION 

Less than 5% of participants with midportion Achilles 
tendinopathy in the present study scored above the clinical 
cut of score on the CSI, indicating likely presence of central 
sensitization. Symptom duration in those with midportion 
Achilles tendinopathy did not relate to CSI score. Collec
tively, findings from the current study indicate that pro
longed symptom duration in those with midportion 
Achilles tendinopathy is unlikely to lead to the develop
ment of symptoms associated with central sensitization. 
The pain associated with midportion Achilles tendinopathy 
may have a stronger association with peripheral pain mech
anisms rather than central pain mechanisms. 
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