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P
atellar tendinopathy is highly prevalent among athletes.1,26,36 
It is frequently induced by excessive tendon overload and 
characterized by localized tendon pain with or without mor­
phological abnormalities.5,11,19,30 Jumping frequency, training,

and competition volumes have been 
described as risk factors for patellar 
tendinopathy.1,27 The identification of 
patellar tendon abnormality (PTA) in 
symptomatic athletes would assist in the 
prognosis and decision making for ap-
propriate treatment. In some athletes, 
tendon pain may not be associated with 
structural tendon abnormalities.20 Such 
athletes seem to have a better prognosis, 
and their treatment may not involve mo-
dalities directed to tissue remodeling. On 
the other hand, athletes with PTA might 
have worse prognosis and demonstrate 
greater functional disabilities, increased 
risk of rupture due to reduction of tensile 
strength of tendon, and longer recovery 
time.19,29 In these cases, the most recom-
mended conservative treatment is an ec-
centric training protocol.33 This protocol 
is suggested to promote tissue remodel-
ing through controlled tendon stress.19,29 
In order to help ensure the proper treat-
ment approach to athletes with patellar 
tendon pain, it is necessary to identify 
the instances in which the athlete has 

TT STUDY DESIGN: Cross-sectional clinical  
assessment.

TT BACKGROUND: Patellar tendinopathy is not 
always accompanied by patellar tendon abnormali-
ties (PTAs). Thus, clinical screening tools to help 
identify patients with patellar tendon pain who 
have PTAs could enhance clinical decision making 
and patient prognosis.

TT OBJECTIVES: To test the diagnostic accuracy 
of the Victorian Institute of Sport Assessment-
Patella (VISA-P) questionnaire, a single-leg decline 
squat (SLDS), tendon pain history, age, and years 
of sports participation to identify athletes with 
symptomatic patellar tendons who have PTAs 
confirmed on imaging.

TT METHODS: Data provided by ultrasound exami-
nation, the VISA-P questionnaire, the SLDS, tendon 
pain history, age, and years of sport participation 
were collected in 43 athletes. A classification and 
regression tree (CART) model was developed to 
verify variables associated with PTA occurrence. 

Likelihood ratios (LRs) were computed for positive 
and negative tests.

TT RESULTS: The SLDS, VISA-P questionnaire, and 
tendon pain history were associated with PTA occur-
rence. Athletes with negative results on all 3 tests 
(CART model) had a lower likelihood of having PTAs 
(negative LR = 0.3; 95% confidence interval [CI]: 
0.2, 0.5). The isolated use of the SLDS or tendon 
pain history (positive LR = 4.2; 95% CI: 2.3, 7.14 and 
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ence on probability of PTA presence compared to 
the CART model (positive LR = 4.1; 95% CI: 2.5, 6.3).
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to investigate a clinical test to identify PTAs, the 
combined use of the tests had greater accuracy to 
identify individuals without PTAs.
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structural tendon abnormalities. The 
challenge in this case is to identify clini-
cal tools that have appropriate diagnostic 
accuracy for PTA.

The gold standard for the diagnosis 
of PTA is ultrasonography.33 However, 
ultrasound equipment is not readily 
available for all sports teams, clubs, or 
rehabilitation facilities, given its costs, 
difficult maintenance, and the need for 
the presence of a trained imaging pro-
fessional. Clinical measures such as the 
Victorian Institute of Sport Assessment-
Patella (VISA-P) questionnaire and the 
single-leg decline squat (SLDS) have 
been used to identify individuals with pa-
tellar tendon pathology (eg, pain, inflam-
mation, and limited function).28,33,36 The 
VISA-P questionnaire and SLDS are fre-
quently used as screening tools to identify 
individuals with patellar tendon pain, in 
spite of the presence or absence of PTA. 
However, the establishment of the injury 
prognosis and proper treatment depends 
on identifying whether the individual has 
PTA. Unfortunately, the diagnostic accu-
racy of these tools to identify individuals 
with PTA has yet to be evaluated.

The objective of the present study 
was to verify the diagnostic accuracy of 
clinical tests to identify PTA occurrence. 
In addition to the VISA-P and SLDS, 
tests traditionally used to evaluate pa-
tellar tendinopathy, the patient’s history 
of tendon pain, age, and years of sports 
participation were also evaluated. The 
latter 3 variables were selected because 
they may reflect the cumulative loading 
on the patellar tendon.17,21,25 To identify 
the best procedure to classify symptom-
atic athletes with PTAs, the accuracy of 
these tests was evaluated individually and 
in combination.9

METHODS

Study Design

T
his was a cross-sectional study 
approved by the Universidade 
Federal de Minas Gerais Ethics in 

Research Committee (approval report 
number 0493.0.203.000-09). The study 

design and report are in accordance with 
the Standards for Reporting of Diagnos-
tic Accuracy (STARD initiative).3

Study Sample
Fifty-two athletes participating in sports 
with a high prevalence of PTA (volleyball, 
basketball, soccer, and running)8,14,36 were 
recruited by telephone using the records 
of a previous preseason assessment at the 
university. To be eligible for the study, 
participants had to be older than 18 years 
of age, to have no history of lower-limb 
surgery in the past 6 months, and to be 
fully participating in sports activities 
competitively. The exclusion criterion 
was having Osgood-Schlatter disease or 
Sinding-Larsen-Johansson syndrome, 
identified on ultrasound imaging. All ath-
letes who agreed to participate read and 
signed a consent form.

Procedures
Data from ultrasound imaging, the VI-
SA-P questionnaire, and the SLDS and 
information about patellar tendon pain 
history, years of sports participation, 
and age were collected over 2 consecu-
tive days to avoid changes in the athletes’ 
clinical status before completion of all 
assessment. The imaging assessment was 
the last measure performed. All clinical 
measures were kept confidential by the 
principal investigator (N.B.), who was 
blinded to the ultrasound examination 
results. All ultrasound assessments were 
performed by the same radiologist (L.F.), 
who was blinded to the results of the 
clinical tests. A third researcher (L.M.) 
performed the statistical analyses.

The SLDS consisted of 1 repetition of 
a single-leg squat, performed barefoot 
on a 30°-decline ramp, from a position 
of knee extension to 30° of knee flexion.36 
Data were collected on both eccentric 
and concentric phases for each leg. Data 
collection was conducted following 3 tri-
als to familiarize the participant with the 
exercise. The goal of this test was to eval-
uate tendon reactivity during the squat, 
using the presence of patellar tendon 
pain during the squat to indicate a posi-

tive test. The VISA-P questionnaire was 
used to characterize athletes’ functional 
profile and to classify the severity of pa-
tellar tendon symptoms.28,31 The ques-
tionnaire is self-administered and has 8 
questions (7 answers scaled from 0 to 10 
and 1 scaled from 0 to 30). Six questions 
are related to patellar tendon pain during 
functional/sports activities (eg, sitting, 
squatting, jumping) and 2 are related to 
the level of sports performance. Scores 
under 80 are usually indicative of patel-
lar tendinopathy.7,21,33 History of tendon 
pain was recorded for each leg. All ath-
letes indicated whether they had sports-
related progressive patellar tendon pain 
that interfered with their performance 
in the past 6 months (traumatic cases 
and those related to growth spurt were 
excluded).33

A radiologist (L.F.) with 12 years of 
experience attending elite volleyball and 
basketball athletes performed all blind-
ed ultrasound assessments. All athletes 
were placed in supine with the knees 
flexed and feet supported. The radiolo-
gist examined the entire extension of 
both patellar tendons on the longitudinal 

FIGURE 1. Ultrasound imaging of a normal patellar 
tendon (A) and with abnormalities (B). The arrows 
indicate a hypoechoic area.
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(sagittal) and transverse (axial) planes 
using a high-resolution, 12- to 19-MHz, 
linear-transducer ultrasound (Voluson 
730; General Electric, Fairfield, CT). The 
transducer was kept perpendicular to the 
tendon to avoid false-positive results due 
to anisotropy.33 Echogenicity (presence of 
hypoechoic areas) was evaluated to de-
termine PTA occurrence.32 The subjects 
were asked not to provide any informa-
tion about the presence of symptoms to 
the ultrasound examiner. A positive di-
agnosis of PTAs was given when a tendon 
had hypoechoic areas (FIGURE 1).

Test-retest reliability of the VISA-P 
and intrarater agreement of the SLDS 
were tested in a pilot study prior to data 
collection. Seven volunteers, 6 male and 
1 female (mean ± SD age, 38.57 ± 18.8 
years; weight, 78.57 ± 13.01 kg; height, 
1.73 ± 0.10 m), were examined with an 
interval of 4 days using the same proce-
dures described previously. The results 
showed excellent intrarater reliability 
values, with an intraclass correlation co-
efficient (model 3,3) of 0.99 for the VI-
SA-P and a kappa of 1 (P<.0001) for the 
SLDS.

Similarly, a pilot study was conducted 
to evaluate the test-retest reliability of the 
ultrasound measures. Six volunteers, 2 
male and 4 female (mean ± SD age, 23.0 
± 1.7 years; weight, 55.6 ± 3.7 kg; height, 
1.6 ± 0.1 m), participated. The same 
procedures previously described were 
adopted in the reliability study. The ex-
aminer performed 2 ultrasound examina-
tions with a rest period of 4 days between 
exams. A kappa coefficient of 0.75 (P = 
.047) revealed good test-retest reliability 
of ultrasound examination.

Data Analysis
An independent investigator (L.M.), not 
involved with the test procedures, was 
responsible for all statistical analysis. A 
receiver operating characteristic (ROC) 
curve was used to determine clinically 
relevant cutoff points for the VISA-P 
questionnaire, age, and years of sports 
participation. The largest distance from 
the reference line and the sensitivity and 
1-minus-specificity values were used as 
parameters to select the cutoff points.23 
These cutoff points were used to dichoto-
mize these variables for further analysis. 
Each athlete was considered positive on 
the VISA-P questionnaire when scoring 
below the cutoff point identified by the 
ROC curve (score attributed to the symp-
tomatic knee to allow matching with the 
ultrasound exam). Athletes with scores 
above or equal to the cutoff point were 
identified as negative on the test (score 
attributed to the dominant lower limb). 
For all assessments, athletes with bilat-
eral pain had only the most symptomatic 
knee, and those with negative results had 
only the dominant lower limb, included 
in the analysis.

A classification and regression tree 
(CART) model was developed to identify 
the variables associated with PTA oc-
currence. This analysis promotes binary 
recursive divisions of the initial data set, 
considering the predictors that best clas-
sify the individuals in each of the outcome 
categories,16 which in this case were the 
presence and absence of PTA. According 
to the classification tree, it is possible to 
identify the predictors and the combina-
tions of predictors associated with the 
outcome variable.16 The VISA-P, SLDS, 

tendon pain history, age, and years of 
sports participation were dichotomized 
and entered in the CART model.18 A ROC 
curve was used to verify the accuracy of 
the model developed.2 Contingency tables 
were constructed for each test selected by 
the CART model and also for the CART 
model as a whole, to derive positive and 
negative likelihood ratios (LRs) and 95% 
confidence intervals (CIs) with OpenEpi 
(www.OpenEpi.com).3,9,10,12

RESULTS

R
ecruitment occurred between 
June and September 2012. Of 52 
athletes asked to participate in the 

study, 47 agreed to participate. Four of 
these were later excluded on ultrasound 
imaging due to the presence of Osgood-
Schlatter disease or Sinding-Larsen-
Johansson syndrome. Thus, 43 athletes 
(volleyball, n = 26; basketball, n = 14; 
soccer and running, n = 3) were eligible 
for inclusion in the study (38 male, 5 fe-
male). TABLE 1 describes the descriptive 
characteristics of the study participants 
and FIGURE 2 illustrates the recruitment 
flow diagram.

In the 43 athletes tested, 27 tendons 
were diagnosed as having PTA (11 ath-
letes had bilateral PTA and 5 athletes 
had unilateral PTA) and 59 tendons were 
classified as normal at ultrasound (27 
athletes without and 5 athletes with uni-
lateral PTA). The mean score of the VI-
SA-P questionnaire for athletes with PTA 
was 77.3 ± 23.5 and was 92.5 ± 12.7 for 
those without PTA (P = .008; mean dif-
ference, –15.24; 95% CI: –26.37, –4.10).

The ROC curves identified cutoff 
scores of 88 points for the VISA-P ques-
tionnaire (P = .035; area under the curve 
[AUC], 69; 95% CI: 52, 87; 77.8% sen-
sitivity and 62.5% specificity), 25.5 years 
for age (P = .008; AUC, 25.6; 95% CI: 10, 
40; 22% sensitivity and 32% specificity), 
and 9.5 years for sport participation (P 
= .12; AUC, 35.8; 95% CI: 10, 50; 48% 
sensitivity and 25% specificity).

The CART analysis selected only the 
SLDS, tendon pain history, and VISA-P 

TABLE 1 Sample Descriptive Data

*Values are mean ± SD (range).

Sample Characteristics (n = 43) Value*

Age, y 24.8 ± 6.7 (18-44)

Weight, kg 87.6 ± 13.7 (54-125)

Height, m 1.93 ± 0.1 (1.52-2.13)

Time of sport participation, y 11.01 ± 5.4 (2-25)
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scores as predictors of PTA (FIGURE 3). A 
ROC curve was derived to indicate the 
accuracy of this model (P = .001; AUC, 
80; 95% CI: 66, 94). Absence of PTA was 
related to negative results on the SLDS, 
tendon pain history, and VISA-P score 
(node 5, n = 18, 81%). Presence of PTA 
was associated with positive results on 
the SLDS (node 2, n = 10, 71%) or posi-
tive tendon pain history when athletes 
had negative SLDS results (node 4, n = 
2, 66%).

TABLE 2 shows the contingency table 
results and LRs for each test selected by 
the CART and for the CART model as a 
whole. A positive likelihood ratio (+LR) 
represents the shift in probability of the 
target outcome (PTA occurrence) when a 
specific finding is present (positive test). 
On the other hand, a negative likelihood 
ratio (–LR) describes how the outcome 
probability shifts when the specific find-
ing is absent (negative test).10,22 Accord-
ing to LR values, the isolated use of the 
SLDS (+LR = 4.2) or history of patellar 
tendon pain (+LR = 4.5) increases the 
probability of PTA occurrence by about 
25%.22 A similar shift of probability for 
the presence of PTAs was also obtained 
for the CART model (+LR = 4.1). While 
the isolated negative result on the SLDS 
(–LR = 0.4) or for history of patellar ten-
don pain (–LR = 0.6) decreases the prob-
ability of PTA by about 15% to 20%,22 
negative results on all 3 tests (CART 
model) decrease the probability of PTA 
by about 25%.22 The isolated use of the 
VISA-P resulted in the lowest +LR.

DISCUSSION

T
he objective of the present 
study was to assess the diagnostic 
accuracy of clinical tests to identify 

PTA occurrence. The accuracy of the tests 
was evaluated individually and in combi-
nation by means of CART analysis. The 
increase of the probability of PTA iden-
tified in the CART model was similar to 
that observed when the SLDS or history 
of patellar tendon pain was used in isola-
tion. However, the CART model (specifi-

cally, negative results on all 3 tests) was 
more accurate in identifying the absence 
of PTA.

Initially, a CART model was developed 
to investigate the contribution of the VI-
SA-P questionnaire, SLDS, tendon pain 
history, age, and years of sports participa-
tion to the identification of the presence 
or absence of PTA. The CART results 
revealed that the SLDS, tendon pain his-
tory, and the VISA-P score were associ-
ated with PTA occurrence. Although age 
is associated with decreased tissue metab-
olism17,21,25 and years of sports participa-
tion inform one about cumulative tendon 
loading,1,26 these variables were not as-
sociated, in isolation or in combination 
with the other tests, with the investigated 
outcome. Considering the divisions per-
formed by the CART analysis (FIGURE 3), it 

was possible to observe that the absence of 
PTA was associated with negative results 
on all 3 tests selected (node 5). On the 
other hand, the presence of PTAs was as-
sociated with positive results on the SLDS 
(node 2) and with positive results for ten-
don pain history when negative results 
were obtained on the SLDS (node 4). In 
addition, node 6 (presence of positive re-
sults on the VISA-P associated with nega-
tive results on the SLDS and for tendon 
pain history) suggests that a positive re-
sult only on the VISA-P is useless, because 
athletes with positive results on the VISA-
P did not have PTA. Although the ROC 
curve identified that the CART model was 
accurate to predict PTA occurrence (AUC, 
80; P = .001), analysis of LRs obtained for 
the model is necessary for proper clinical 
interpretation of the results.

 

Recruited athletes, n = 52Recruited athletes, n = 52

Yes, n = 47Yes, n = 47 No, n = 0No, n = 0

Met the inclusion criteria?Met the inclusion criteria?

Met exclusion criteria, n = 4Met exclusion criteria, n = 4

Excluded, n = 4Excluded, n = 4

Filled out the VISA-P, n = 47Filled out the VISA-P, n = 47

Performed the SLDS, n = 47Performed the SLDS, n = 47

Agreed and signed informed 
consent

Agreed and signed informed 
consent

Ultrasound examinations 
performed, n = 47

Ultrasound examinations 
performed, n = 47

Individuals who attended 
data collection, n = 47

Individuals who attended 
data collection, n = 47

History collected, n = 47History collected, n = 47

FIGURE 2. Flow diagram of the diagnostic accuracy study. Abbreviations: SLDS, single-leg decline squat; VISA-P, 
Victorian Institute of Sport Assessment-Patella.
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The +LR value obtained for the CART 
model (+LR = 4.1) suggests an increase 
in probability of PTA presence of about 
25%.22 A similar shift in probability was 

observed when the SLDS (+LR = 4.2) or 
history of patellar tendon pain (+LR = 
4.5) was analyzed in isolation. The larg-
est increase in the probability of PTA ab-

sence (about 25%)22 was obtained for the 
CART model (–LR = 0.3). In this case, 
the best choice for identifying absence 
of PTA was the combination of negative 
results on all 3 tests (SLDS, history of pa-
tellar tendon pain, and VISA-P). These 
changes in the probability of the presence 
or absence of PTA may be considered 
small, but sometimes important, accord-
ing to Jaeschke et al.10

The CART model had LRs indicat-
ing modest but relevant accuracy to 
identify true-positive and true-negative 
cases.10 There were only 4 false negatives 
(2 male, 2 female) out of the 16 athletes 
who had symptomatic PTAs. Two of 
these athletes were 18 years of age (with 
2 and 4 years of sports participation) and 
the other 2 were volleyball players with 
less demanding positions (setter and de-
fender). These results suggest that false 
negatives may be associated with shorter 
periods of sports participation or less 
jumping/landing demands, indicating 
that these athletes were not submitted 
to high tendon loads, which are neces-
sary for the development of PTA.20 Of the 
27 athletes without PTA on ultrasound 
imaging, only 5 were classified as posi-

Negative PositiveSLDS

Node 2

Negative for PTAs 62.8% n = 27
Positive for PTAs 37.2% n = 16
Negative for PTAs 62.8% n = 27
Positive for PTAs 37.2% n = 16

Negative for PTAs 28.6% n = 4
Positive for PTAs 71.4% n = 10
Negative for PTAs 28.6% n = 4
Positive for PTAs 71.4% n = 10

Node 1

Negative for PTAs 79.3% n = 23
Positive for PTAs 20.7% n = 6
Negative for PTAs 79.3% n = 23
Positive for PTAs 20.7% n = 6

Node 4

Negative for PTAs 33.3% n = 1
Positive for PTAs 66.7% n = 2
Negative for PTAs 33.3% n = 1
Positive for PTAs 66.7% n = 2

Node 3

Negative for PTAs 84.6% n = 22
Positive for PTAs 15.4% n = 4
Negative for PTAs 84.6% n = 22
Positive for PTAs 15.4% n = 4

Tendon pain historyNegative Positive

Negative PositiveVISA-P

Node 6

Negative for PTAs 100% n = 4
Positive for PTAs 0% n = 0
Negative for PTAs 100% n = 4
Positive for PTAs 0% n = 0

Node 5

Negative for PTAs 81.8% n = 18
Positive for PTAs 18.2% n = 4
Negative for PTAs 81.8% n = 18
Positive for PTAs 18.2% n = 4

FIGURE 3. Classification tree model for PTAs. The bold category in each node corresponds to the outcome predicted by the node division. Classification rules for PTA absence: 
node 5 is negative on the SLDS, negative for tendon pain history, and negative on the VISA-P. Classification rules for PTA presence: node 2 is positive on the SLDS; node 4 is 
negative on the SLDS and positive for tendon pain history. Abbreviations: PTA, patellar tendon abnormality; SLDS, single-leg decline squat; VISA-P, Victorian Institute of Sport 
Assessment-Patella.

TABLE 2
Contingency Results and Likelihood  

Ratios for the 3 Tests Selected by the CART 
Analysis and for the CART Model

Present* Absent* Likelihood Ratio†

VISA-P

Positive 10 (62.5) 8 (29.6) 2.1 (1.5, 3.0)

Negative 6 (37.5) 19 (70.4) 0.5 (0.4, 0.8)

Single-leg decline squat

Positive 10 (62.5) 4 (14.8) 4.2 (2.3, 7.14)

Negative 6 (37.5) 23 (85.1) 0.4 (0.3, 0.6)

History of patellar tendon pain

Positive 8 (50) 3 (11.1) 4.5 (1.8, 11.1)

Negative 8 (50) 24 (88.9) 0.6 (0.4, 0.7)

CART model

Positive 12 (75) 5 (18.5) 4.1 (2.5, 6.3)

Negative 4 (25) 22 (81.5) 0.3 (0.2, 0.5)

Total 16 27 ...

Abbreviations: CART, classification and regression tree; PTA, patellar tendon abnormality; VISA-P, 
Victorian Institute of Sport Assessment-Patella.
*Values are n (%).
†Values in parentheses are 95% confidence interval.

PTA

46-08 Mendonca.indd   677 7/20/2016   4:59:06 PM

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
M

ar
ch

 1
5,

 2
02

6.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

01
6 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.



678  |  august 2016  |  volume 46  |  number 8  |  journal of orthopaedic & sports physical therapy

[ research report ]
tive using the CART model. Two of these 
athletes had positive results on the SLDS 
test, 3 were positive on the VISA-P ques-
tionnaire, and none had patellar tendon 
pain history. One possible explanation 
for athletes without PTA on ultrasound 
imaging being classified as positive for 
PTA using the CART model could be the 
presence of inflammation in paratendon 
(paratendinitis). In these cases, athletes 
may have positive results on clinical tests 
without alteration of the tendon’s integ-
rity.4,20 However, if these athletes had 
paratendinitis, the symptoms related 
to this condition were not sufficient to 
limit their participation in sports activi-
ties, as all athletes were fully participat-
ing in training and competitions. These 
circumstances could be explained by the 
variability of tendinopathy clinical pre-
sentation6 and demonstrate that iden-
tifying the absence or presence of PTAs 
and related symptoms requires a more 
comprehensive strategy.

It’s important to stress that the small 
change in probability of PTA occurrence 
when the SLDS, VISA-P questionnaire, 
and tendon pain history are used in com-
bination suggests that the CART model 
is not enough to fully identify the pres-
ence or absence of PTA. When suspect-
ing the presence of PTA, athletes with 
positive results on the SLDS or tendon 
pain history should undergo ultrasound 
examination. Because these athletes 
may have worse long-term prognosis, 
the confirmation of PTA presence by 
means of ultrasound examination could 
help the physical therapist to decide 
about the appropriate treatment to re-
cover the tendon’s structural normality 
(eg, eccentric training protocol).13,29,34,35 
Athletes with negative results on all 3 
tests initially should not be required to 
undergo ultrasound examination, due 
to the increased probability of the ab-
sence of PTA. These athletes could be 
treated with therapeutic modalities or 
other techniques directed toward symp-
tom reduction, as they might not ben-
efit from interventions such as eccentric 
protocols.

For the CART analysis, we used the 
ROC curve to identify a specific cutoff 
point for the VISA-P questionnaire that 
could be used to define the presence or 
absence of PTAs. Interestingly, the ROC 
curve identified a cutoff point of 88 
points. This cutoff point is higher than 
that previously reported (80 points) in 
studies about patellar tendinopathy.28,33 
However, replication of this cutoff score 
(88 points) in a larger sample is necessary 
to provide a new reference value to clas-
sify athletes according to VISA-P score.

Our results should be interpreted 
with caution, as all assessments were 
conducted during the preseason. Dur-
ing this period, training load is relatively 
low and, thus, athletes with PTA have 
a higher chance of being asymptom-
atic when compared to midseason and/
or end-season periods. Therefore, tests 
that rely on the presence of pain, such 
as the VISA-P questionnaire and the 
SLDS, could have better accuracy when 
performed during midseason or end of 
season. Another point to be considered is 
that elite athletes, due to their high de-
mand (high level of training and compe-
titions), may have increased probability 
that their symptoms will be accompanied 
by tendon structural abnormalities. On 
the other hand, in novice athletes, mild 
symptoms can be present without PTA. 
Therefore, the clinical interpretation of 
our results should be performed consid-
ering the level of competition, the period 
of the season in which the evaluation 
was performed, and that tendinopathy is 
a condition with a continuum of clinical 
presentations.6

The simplicity and low-cost nature 
of clinical screening tools may be a cost-
effective and timely alternative for the di-
agnosis of PTA within a sports medicine 
environment.15 Given that ultrasound im-
aging may be costly and not easily acces-
sible, negative results on the composite 
test could be used to identify athletes who 
should be discharged from ultrasonogra-
phy examination. In contrast, a particular 
subgroup of patients with a greater like-
lihood of having PTA should undergo 

imaging. The aggregate value of an ap-
proach must be analyzed considering its 
incorporation in clinical practice. If the 
new method is less invasive, less time 
consuming, and less costly, it is possible 
to critically accept the specific contribu-
tion of the method in question.9,12 The use 
of the CART model fulfills these require-
ments, and, therefore, future studies in-
dependently validating the results of this 
preliminary study in a larger sample are 
warranted.

CONCLUSION

P
ositive results on the SLDS, 
VISA-P questionnaire, and tendon 
pain history were associated with 

PTA occurrence. However, according to 
the CART model, these tests are better 
when used in combination (eg, negative 
results on all 3 tests) than when used in-
dividually to diagnose PTA absence. In 
athletes with positive results on either the 
SLDS or tendon pain history, the identi-
fication of PTA should be confirmed by 
ultrasound examination. t

KEY POINTS
FINDINGS: Simultaneous negative results 
on the SLDS, VISA-P questionnaire, 
and tendon pain history could be con-
sidered a useful index to assist with the 
identification of PTA absence.
IMPLICATIONS: Athletes with negative 
results on all 3 tests appear unlikely to 
have PTAs. In contrast, only athletes 
with positive results on either the SLDS 
or tendon pain history appear likely to 
require PTA confirmation by ultrasound 
imaging.
CAUTION: The data of the present study 
were collected only during preseason 
evaluation in active athletes. The con-
tribution of the VISA-P score, SLDS, 
history of tendon pain, age, and years of 
sports participation to the occurrence of 
symptomatic PTA should also be inves-
tigated during midseason and/or end-
season periods, which are characterized 
by higher training load among athletes 
who voluntarily seek care. The results of 
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the present study are preliminary, and 
the CART model cannot confidently be 
used in clinical practice until the results 
have been independently validated in a 
larger sample.
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