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ABSTRACT
Purpose: The aims of this study were to evaluate the diagnostic accuracy of common physical 
examination and functional evaluation tests, and to determine a set of tests with the highest 
diagnostic accuracy for diagnosing patellofemoral pain syndrome (PFPS) in patients with anterior 
knee pain.
Methods: Based on careful evaluation of clinical findings and imaging methods by orthopedic 
physicians, 162 patients with anterior knee pain were classified into two groups of PFPS and non- 
PFPS. The physical examination and functional tests were performed by two physiotherapists. The 
accuracy of these measures was determined by calculating sensitivity, specificity, area under the 
receiver operating characteristic (ROC) curve (AUC), likelihood ratio (LR), and predictive value (PV).
Results: Our results showed the most sensitive tests in identifying patients with PFPS were as 
follows: eccentric step test [0.82 (95%CI: 0.72–0.89)]; palpation test [0.81(95%CI: 0.70–0.88)]; and 
prolonged sitting [0.73 (95%CI: 0.62–0.82)]. The palpation test, patellar tilt test, eccentric step test, 
navicular drop test, squatting, and stair descending tests had an acceptable accuracy (AUC ≥ 70). 
The strongest combination of the physical examination and functional tests included pain severity 
between 3 and 10 during stair descending test and pain severity between 6 and 10 during 
prolonged sitting test. This combination showed a positive LR of 19.47 (95% CI: 6.36–59.65) and 
a posttest probability of 95%.
Conclusion: Our findings provide evidence for the good accuracy of the palpation test, patellar tilt 
test, eccentric step test, navicular drop test, squatting, and stair descending and prolonged sitting 
tests for diagnosing PFPS. Also, the combination of stair descending test and prolonged sitting test 
could be very useful for ruling in PFPS patients.
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Introduction

Anterior knee pain is a common clinical symptom that is 
manifested in patellofemoral pain syndrome (PFPS). In the 
absence of other pathologies, anterior knee pain that is 
exacerbated by activities such as sitting, squatting, ascend
ing and descending stairs, jumping, or running is identified 
as PFPS (Witvrouw et al., 2014). According to recent 
studies, this syndrome is not regarded as a simple self- 
limiting disease, and it has been reported that more than 
50% of PFPS suffer from advanced chronic pain 
(Lankhorst et al., 2016; Rathleff et al., 2016; Wyndow 
et al., 2016). Concerns over the long-term consequences 
of anterior knee pain in adolescence and young adulthood 

include a predisposition to patellofemoral osteoarthritis in 
later life (Utting, Davies, and Newman, 2005). A study of 
patellofemoral osteoarthritis patients showed that 22% of 
them described preceding PFPS in their adolescence and 
early adult years (Utting, Davies, and Newman, 2005). 
Emerging evidence has suggested that these two conditions 
are in a continuum (Lack, Neal, De Oliveira Silva, and 
Barton, 2018). Therefore, an accurate diagnosis of PFPS is 
imperative to begin appropriate management early in 
order to prevent lingering issues (Crossley et al., 2016a,  
2016b; Kasitinon, Li, Wang, and Fredericson, 2021).

Physical examination and functional evaluation are 
necessary to diagnose musculoskeletal disorders 
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including PFPS (Malanga, Andrus, Nadler, and McLean,  
2003). To draw appropriate conclusions from the find
ings of physical examination and functional evaluation, 
it is very important that the clinicians know about the 
significance of the test results (i.e. the diagnostic value of 
each test) (Nijs, Van Geel, Van der Auwera, and 
VanVanVan de Velde, 2006). Investigating the diagnos
tic accuracy of assessment tests plays an important role 
in evidence-based medicine and leads to favorable 
patient outcomes by enabling clinicians to choose an 
appropriate treatment strategy (Fritz and Wainner,  
2001; Knottnerus and Muris, 2003).

In a systematic review, the following factors were 
reported as important factors causing PFPS: quadriceps 
weakness; increased quadriceps angle; incorrect 
mechanics and improper alignment of the lower extremi
ties, overactivity and stiffness of the external retinaculum, 
excess patellar tilt angle, reduced strength of abductors, 
and external rotators of the hip (Lankhorst, Bierma- 
Zeinstra, and van Middelkoop, 2012). Further, a recent 
systematic review and meta-analysis identified that quad
riceps weakness in military recruits and higher hip 
strength in adolescents were risk factors for PFPS (Neal 
et al., 2019). The high prevalence and wide variety of 
factors contributing to the etiology of PFPS make its 
diagnosis complex and miss-interpretable. No definitive 
agreement has so far been observed in the literature on the 
uniform use of physical examination and functional tests 
aimed at an ideal diagnosis of PFPS (Nunes et al., 2013).

Moreover, a few studies specifically investigating the 
diagnostic accuracy of physical examination tests for diag
nosis of PFPS have been published since 2000, indicating 
that research in this area is still in its infancy (Cook et al.,  
2010; Décary et al., 2017; Haim, Yaniv, Dekel, and Amir,  
2006; Nijs, Van Geel, Van der Auwera, and VanVanVan 
de Velde, 2006; Nunes et al., 2013). In fact, the current 
literature offers limited evidence about how valid different 
physical examination and functional tests are for the 
accurate diagnosis of PFPS (Décary et al., 2017). 
Additionally, there are a number of limitations in the 
existing studies including case–control design, studying 
patients from only one medical center, no assessment of 
the reliability of physical examination tests, and small 
sample size (Cook et al., 2010; Haim, Yaniv, Dekel, and 
Amir, 2006; Nijs, Van Geel, Van der Auwera, and 
VanVanVan de Velde, 2006; Nunes et al., 2013). In 
other words, the methodological quality of most of these 
studies ranges from low to moderate, and due to the 
presence of different types of bias in these studies, the 
diagnostic validity of the studied tests might have been 
overestimated (Cook et al., 2010; Décary et al., 2017; 
Nunes et al., 2013). Moreover, according to previous 
studies, when used individually physical examination 

tests may not provide an accurate diagnosis of PFPS 
(Cook et al., 2010; Décary et al., 2017; Nunes et al.,  
2013). Recently, Décary et al. (2018) evaluated the diag
nostic validity of a set of patient history information and 
physical examination tests to diagnose PFPS. They indi
cated that a limitation of their study was that the func
tional lower limb assessments were not included. To the 
best of our knowledge, not enough consistent findings 
have been made for the diagnosis of PFPS (Décary et al.,  
2017). Thus, the objectives of this study were to evaluate 
the diagnostic accuracy of common physical examination 
and functional evaluation tests and to determine a set of 
tests with the highest diagnostic accuracy in diagnosing 
PFPS in a sample of patients with anterior knee pain.

Methods

Participants

From March 2021 to April 2022, a total of 162 patients 
with anterior knee pain were recruited from multicenter 
physiotherapy and orthopedics clinics in Mashhad, Iran. 
Patients aged between 18 and 50 with anterior knee pain 
of more than 3 months’ duration were included in the 
study (Décary et al., 2018; Lankhorst, Bierma-Zeinstra, 
and van Middelkoop, 2012; Loudon et al., 2002; Piva 
et al., 2009). Patients were excluded if they had a history 
of lower limb surgery or knee arthroplasty in the past 
6 months, malignancy, systemic inflammatory disorders 
associated with knee complaints, musculoskeletal or 
neurological involvement of the lower limb that inter
feres with independent physical activity, back pain, 
sacroiliac pain, referral pain due to trigger point in 
rectus femoris muscle, and pregnancy (Lankhorst, 
Bierma-Zeinstra, and van Middelkoop, 2012; Loudon 
et al., 2002; Piva et al., 2009). The patients’ activity levels 
ranged between 2 and 5 based on the Tegner activity 
scale (Negahban et al., 2011). The present study con
forms to the Standards for Reporting Diagnostic 
Accuracy Studies 2015 (Bossuyt et al., 2015; Simel, 
Rennie, and Bossuyt, 2008). The study was approved 
by the ethics committees of Mashhad University of 
Medical Sciences (Ref. ID: IR.MUMS.REC.1399.662), 
and an informed consent form was signed by patients 
prior to commencement of the study.

Procedure

Reference standard definition

In this study, the clinical diagnosis of PFPS as a reference 
standard was performed by three orthopedic physicians. 
The orthopedic physicians had more than 10 years of 
experience. To standardize the collection of data, the 
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three orthopedic physicians attended a 30-minute edu
cational session offered by the investigators in advance.

The criteria used to diagnose PFPS were based on 
those used in other PFPS studies and included patients 
who: 1) were diagnosed by an orthopedic physician as 
a case of PFPS; 2) had anterior or retropatellar knee 
pain; 3) reported exacerbation of symptoms during at 
least two of the following activities: prolonged sitting, 
ascending or descending stairs, squatting, and kneeling; 
and 4) had no clinical evidence of current knee problem 
other than PFPS (Cook et al., 2010; Décary et al., 2018; 
Nijs, Van Geel, Van der Auwera, and VanVanVan de 
Velde, 2006). To diagnose problems related to anterior 
knee pain other than PFPS (i.e. osteoarthritis, bursitis, 
tendonitis, meniscus tears, ligament or joint capsule 
tear, patellar dislocations, and Baker’s cysts) standard 
clinical examinations were performed for all subjects in 
the study. These clinical examinations involved history 
taking, inspection, and a set of standard orthopedic tests 
(i.e. assessment of active and passive range of motion of 
the knee joint, palpation of the knee joint, varus/valgus 
and pivot stress tests, anterior and posterior drawer 
tests, Lachman test, McMurray test, and Apley test for 
internal and external meniscus) (Cleland, Koppenhaver, 
and Su, 2015; Cook and Hegedus, 2014; Magee, 2014). 
After clinical examination, the physicians were pre
sented with reviewed imaging results and radiology 
reports and performed their own analysis of the relevant 
imaging diagnoses. All participants were required to 
have a radiograph of their knee that included the follow
ing three views: 1) anterior-posterior; 2) lateral; and 3) 
skyline views. Magnetic resonance imaging was required 
when the physicians suspected any ligament injury or 
a meniscal injury or when the physicians needed to 
exclude another pathology (Décary et al., 2018). The 
orthopedic physicians made their final clinical diagnosis 
only after they carefully evaluated clinical findings and 
imaging results. All patients underwent the imaging 
procedure in the same week when they were subject to 
clinical examination (Cook et al., 2010; Hinman, 
Lentzos, Vicenzino, and Crossley, 2014; van der 
Heijden et al., 2016). Imaging was not used to confirm 
PFPS, but rather to rule out competing diagnoses (Cook 
et al., 2010; Décary et al., 2018). Participants who did not 
meet at least two criteria listed above (i.e. criteria 1 
and 4) were placed in the non-PFPS group. Thus, 
based on the final diagnosis of the orthopedist physi
cians, the patients were categorized into two groups, 
PFPS and non-PFPS (Cook et al., 2010; Décary et al.,  
2018; Nijs, Van Geel, Van der Auwera, and VanVanVan 
de Velde, 2006). Subsequently, two evaluators (phy
siotherapists) who were masked for group allocation 
carried out a battery of physical examination tests and 

asked the participants about pain intensity while doing 
functional tests. These physical examination and func
tional evaluation tests were regarded as index tests. The 
battery of physical examination and functional evalua
tion tests were performed as follows.

Physical examination tests

These tests were selected as common tests for physical 
examination of patients based on published evidence, 
and textbooks (Cook et al., 2010; Décary et al., 2018,  
2017; Nunes et al., 2013). Two evaluators (physiothera
pists) with more than 5 years of experience indepen
dently performed the physical examination. Physical 
examination tests related to PFPS included patellar tilt 
test (Haim, Yaniv, Dekel, and Amir, 2006), tenderness at 
palpation of the postero-medial and postero-lateral bor
ders of the patella (Cook et al., 2010; Décary et al., 2018; 
Manske and Davies, 2016), pain with resisted isometric 
extension at 60° knee flexion (Cook et al., 2010; Décary 
et al., 2018), and eccentric step test (Manske and Davies,  
2016; Nijs, Van Geel, Van der Auwera, and VanVanVan 
de Velde, 2006). The results of these tests were reported 
as positive or negative. We also measured quadriceps 
angle (Piva et al., 2006), foot pronation by navicular 
drop test (Piva et al., 2006), amount of tibia torsion 
measuring the angle formed between the knee axis, 
imaginary line from the medial to lateral epicondyle, 
imaginary line through the malleolus using a standard 
goniometer (Piva et al., 2006), and the amount of anti
version femoral by Craig’s test (Choi and Kang, 2015; 
Piva et al., 2006) (Figure 1). The results of these tests 
were reported numerically.

Functional tests

After the patients performed these tests, the evaluators 
asked them about the severity of pain during a particular 
functional activity. The results of these tests are reported 
numerically based on pain intensity using the 10-point 
Visual Analogue Scale (VAS) in which 0 indicates no 
pain and 10 indicates the worst pain imaginable 
(Boonstra, Schiphorst Preuper, Balk, and Stewart,  
2014). Functional tests related to PFPS included double 
leg squatting at 60° knee flexion angle (Cook et al., 2010; 
Manske and Davies, 2016), stair climbing and descend
ing from 9 steps with a height of 20 cm and a width of 
22 cm (Dobson et al., 2013; Tolk et al., 2019), double 
stance kneeling at 90° knee flexion angle (Cook et al.,  
2010), and prolonged sitting with knees 90° flexed (Cook 
et al., 2010) (Figure 1). In all of these tests, the patients 
reported maximum pain intensity based on VAS while 
performing the test.
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To evaluate the inter-rater reliability of these tests, the 
two evaluators independently performed physical exam
ination tests and queried a random sample of 15 partici
pants about the pain severity during each functional test. 
The 15 participants were randomly selected using a table 
of random numbers. In addition, to evaluate the intra- 
rater reliability of physical examination and functional 
evaluation tests, one of the evaluators performed the 
physical examination tests and queried a sample of 15 
participants about the pain severity during each func
tional test at the first session and again 7–10 days after 
the first visit. Thus, the 15 participants with no change in 
their knee functions within the time interval were 
included in the retest day. In order to calculate inter- 
rater and intra-rater reliability, the Cohen’s Kappa coeffi
cient was used for qualitative physical examination tests, 
while intra-class correlation coefficient (ICC) was used 
for quantitative physical examination and functional eva
luation tests (Landis and Koch, 1977; Weir, 2005).

Statistical analysis
Kolmogorov–Smirnov (K-S) test was used to test the 
normal distribution of the quantitative data in the pri
mary analysis. The results showed normal distribution 

of variables. In order to check homogeneity of demo
graphic and clinical characteristics of the PFPS and non- 
PFPS patients, and to compare the two groups in terms 
of their physical examination and functional tests, inde
pendent-samples t test and Chi-square test were used for 
quantitative and qualitative data, respectively.

To determine the diagnostic accuracy of the diagnos
tic tests, including physical examination and functional 
evaluation tests, indicators of accuracy are defined as 
follows: Sensitivity or true positive rate is the proportion 
of subjects with the condition (i.e. PFPS) who have 
a positive test result. Specificity or true negative rate is 
the proportion of subjects without the condition (i.e. 
non-PFPS) who have a negative test result (Florkowski,  
2008; Fritz and Wainner, 2001). ROC analysis was used 
to determine the accuracy of evaluative measurements. 
Based on the reference standard and the results of the 
quantitative physical examination and functional eva
luation tests, the diagnostic accuracy of Q angle, navi
cular drop test, tibia torsion test, Craig test, squatting, 
stair climbing, stair descending, kneeling, and prolonged 
sitting were defined as follows. At first, a pair of sensi
tivity and specificity were calculated for a range of pos
sible scores of these tests. Then, the ROC curve was 

Figure 1. Illustration of some physical examination and functional tests. (A) Eccentric step test; (B) Q angle; (C) Navicular drop test; (D): 
Tibial torsion test; (E): Squatting; (F): Kneeling.
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obtained by plotting the sensitivity and 1-specificity for 
all possible cutoff scores on the vertical axis (Y) and 
horizontal axis (X), respectively. The area under the 
curve (AUC) obtained from the ROC curve was used 
to determine the discrimination ability of the two 
groups. A traditional academic point scale was used to 
classify the accuracy of the AUC: 0.9 to 1: excellent; 0.8 
to 0.89: good; 0.70 to 0.79: acceptable; 0.60 to 0.69: poor; 
and 0.00 to 0.59: failure (Greiner, Pfeiffer, and Smith,  
2000; Wikstrom et al., 2012). To estimate the optimal 
cutoff point, the ROC curve analysis was also performed. 
The optimal cutoff point was determined on the ROC 
curve by using Youden Index. The Youden Index pro
vides a criterion for choosing the optimal cutoff value, 
the threshold for which sensitivity + specificity – 1 is 
maximized (Fluss, Faraggi, and Reiser, 2005; Perkins 
and Schisterman, 2006). Thus, the optimal cutoff point 
was found by identifying the point with the highest 
sensitivity and specificity in the ROC analysis that 
usually takes a point with the highest Youden Index 
(Fluss, Faraggi, and Reiser, 2005; Perkins and 
Schisterman, 2006). Therefore, the Youden Index is 
considered as a good quantitative estimate of a cutoff 
point that maximizes correct classification and mini
mizes misclassification (Fluss, Faraggi, and Reiser,  
2005; Perkins and Schisterman, 2006).

In addition, the LR for a positive test (PLR), the LR 
for a negative test (NLR), the positive predictive value 
(PPV), the negative predictive value (NPV) and their 
95% confidence intervals were calculated. The useful
ness of the diagnostic test was summarized in the statis
tics of LR (Fritz and Wainner, 2001). PLR is the ratio of 
the proportion of patients who have both PFPS and 
positive test result to the proportion of patients having 
no PFPS who also have positive test result. NLR is the 
ratio of the proportion of patients who have PFPS and 
negative test result to the proportion of patients having 
no PFPS who also have negative test result. A PLR > 10 
and an NLR < 0.1 were reported to provide strong 
evidence for ruling in and ruling out the diagnoses, 
respectively (Eusebi, 2013; Florkowski, 2008; Šimundić,  
2009). PPV is the percentage of patients with a positive 
test who have a positive reference standard (PFPS). NPV 
is the percentage of patients with a negative test who 
have a negative reference standard (non-PFPS). If a test 
has high PPV and NPV, it will have a higher chance of 
correct identification of patients with PFPS and non- 
PFPS, respectively (Eusebi, 2013; Florkowski, 2008; 
Šimundić, 2009).

Finally, diagnostic clusters for physical examination 
and functional tests were also developed to determine 
combinations that could improve diagnostic accuracy. 
Posttest probability was calculated using LR+ and the 

prevalence of PFPS in the study sample was calculated as 
the number of participants who met the physicians’ 
criteria for diagnosis of PFPS. Classification and regres
sion tree (CART) was used to identify the diagnostic 
clusters. CART is one of the tree-based methods and 
a nonparametric technique for exploratory modeling. 
This algorithm first develops the maximum tree and 
then prunes it to avoid overfitting. This pruning rule 
finds a tree that has a smaller size with minimum esti
mation of the misclassification error. This method deter
mines the clusters based on contrast effects of different 
diagnostic tests and clinical factors by recursive parti
tioning of the subjects. All statistical analyses were per
formed using SPSS (version 21; SPSS Inc., Chicago, IL) 
and STATA 13 (STATA Corporation, College Station, 
Texas). The level of statistical significance was set 
at P< .05.

Results

A total of 162 participating patients with anterior knee 
pain determined based on reference standard were 
divided into two groups of PFPS (n = 80) and non- 
PFPS (n = 82). Patients in the Non-PFPS group were 
diagnosed with knee osteoarthritis (n = 27), meniscal 
tear (n = 14), anterior cruciate ligament tear (n = 21), or 
other knee disorders (n = 20). There were no significant 
differences between the two groups in terms of their 
demographic and clinical characteristics (Table 1). The 
results of descriptive statistics for the physical examina
tion and functional tests are reported in Table 2. As 
shown in this table, all of the physical examination 
tests, except for measures of tibia torsion and Q angle, 
and all of the functional tests except for the stair climb
ing test were statistically different in the two 
groups (p < .05).

The inter- and intra-rater reliabilities of physical 
examination and functional tests are depicted in 
Table 3. The ICC and Cohen’s Kappa coefficient for 
inter- and intra-rater reliability ranged between 0.72 
and 0.99 for these physical examination and functional 
tests, respectively.

The sensitivity, specificity, AUC value, optimal cutoff 
point, LR, PV, and posttest probability for each measure 
are shown in Table 4. The results of diagnostic accuracy 
of these measures show that among physical examina
tion and functional tests, eccentric step test, palpation 
test and prolonged sitting had the highest sensitivity in 
identifying patients with PFPS ([0.82 (95%CI 0.72– 
0.89)], [0.81 (95%CI:0.70–0.88)] and [0.73 (95%CI 
0.62–0.82)], respectively). Based on ROC analysis, phy
sical examination tests including palpation test, patellar 
tilt test, eccentric step test, and navicular drop test had 
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Table 1. Demographic and clinical characteristics of patients in the PFPS and non-PFPS 
groups.

PFPS group Non-PFPS group P-value

Age (y) Mean ± SD 41.99 ± 9.29 39.93 ± 12.14 0.40
Weight (kg) Mean ± SD 73.11 ± 13.25 75.35 ± 10.67 0.43
Height (cm) Mean ± SD 164.61 ± 9.38 165.82 ± 10.16 0.40
Pain (VAS) Mean ± SD 6.45 ± 1.57 6.06 ± 2.0 0.25
Gender, n (%) 

Male 
Female

20 (25%) 
60 (75%)

24 (29.3%) 
58 (70.7%)

0.16

Symptomatic leg, n (%) 
Right 
Left

43 (53.8%) 
37 (46.3%)

38 (46.3%) 
44 (53.7%)

0.11

Dominant leg, n (%) 
Right 
Left

76 (95%) 
4 (5%)

75 (91.5%) 
7 (8.5%)

0.37

Education level, n (%) 
Illiterate 
Middle school 
Diploma 
Bachelor’s degree 
Master’s degree

1 (1.3%) 
24 (30%) 
24 (30%) 

30 (37.5%) 
1 (1.3%)

4 (4.9%) 
27 (32.9%) 
25 (30.5%) 
23 (28%) 
3 (3.7%)

0.42

PFPS = patellofemoral pain syndrome; VAS = visual analog scale.

Table 2. Descriptive statistics of physical examination and functional tests in PFPS and non-PFPS groups.
PFPS group Non-PFPS group P-value

Patellar tilt test, n (%) 
N 
P

31 (38.8%) 
49 (61.3%)

64 (78.0%) 
18 (22.0%)

<0.001*

Palpation, n (%) 
N 
P

15 (18.8%) 
65 (18.3%)

54 (65.9%) 
28 (34.1%)

<0.001*

Resisted isometric, n (%) 
N 
P

31 (38.8%) 
49 (61.3%)

52 (63.4%) 
30 (36.6%)

<0.001*

Eccentric step test, n (%) 
N 
P

14 (17.5%) 
66 (82.5%)

53 (64.6%) 
29 (35.4%)

<0.001*

Q angle (Degree) Mean ± SD 12.61 ± 3.83 12.06 ± 3.42 0.51
Navicular drop test (mm) Mean ± SD 11.40 ± 5.27 7.63 ± 2.66 <0.001*
Tibial torsion test (Degree) Mean ± SD 21.45 ± 5.46 21.62 ± 6.43 0.99
Craig test (Degree) Mean ± SD 12.23 ± 6.42 9.47 ± 4.35 0.01*
Squatting (VAS) Mean ± SD 6.03 ± 2.25 3.34 ± 2.03 <0.001*
Stair climbing (VAS) Mean ± SD 3.92 ± 2.65 3.91 ± 2.49 0.86
Stair descending (VAS) Mean ± SD 6.15 ± 2.25 2.93 ± 2.16 <0.001*
Kneeling (VAS) Mean ± SD 4.23 ± 3.11 2.85 ± 2.53 <0.001*
Prolonged sitting (VAS) Mean ± SD 7.12 ± 2.31 3.15 ± 2.02 <0.001*

PFPS = patellofemoral pain syndrome; VAS = visual analog scale; N = negative; P = positive; P-value<0.05; *indicate significant difference.

Table 3. Intraclass correlation coefficient (ICC) and Cohen’s Kappa coefficient for intra- and inter-rater reliability of physical 
examination and functional tests (n = 15).

Variable
Intra-rater reliability 
ICC unless indicated

Inter-rater reliability 
ICC unless indicated Effect size

Patellar tilt test, Cohen’s Kappa coefficient 0.99 0.98 0.63
Palpation, Cohen’s Kappa coefficient 0.85 0.91 0.54
Resisted isometric contraction, Cohen’s Kappa coefficient 0.93 0.96 0.59
Eccentric step test, Cohen’s Kappa coefficient 0.93 0.94 0.58
Q angle (Degree) 0.82 0.88 0.42
Navicular drop test (mm) 0.93 0.90 0.53
Tibial torsion test (Degree) 0.93 0.89 0.45
Craig test (Degree) 0.72 0.80 0.38
Squatting (VAS) 0.89 0.93 0.59
Stair climbing (VAS) 0.88 0.92 0.57
Stair descending (VAS) 0.94 0.97 0.62
Kneeling (VAS) 0.96 0.96 0.60
Prolonged sitting (VAS) 0.95 0.98 0.64
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an acceptable level of accuracy (AUC ≥ 70), while resis
tance isometric contraction test had poor level of differ
entiation [AUC = 0.64 (95%CI 0.56–0.74)] between the 
two groups of PFPS and non-PFPS patients (Figures 2 
and 3). Among all functional tests, squatting and stair 
descending tests had a good level of accuracy (AUC ≥ 
70), and prolonged sitting test had excellent accuracy 
[AUC = 0.90 (95% CI 0.84–0.95)] (Figure 4). The results 
of LRs and PV also show that eccentric step test and 
palpation test had the least NLR [0.27 (95% CI 0.16– 
0.44)] [0.28 (95% CI 0.17–0.45)], respectively, and a high 
NPV [0.79 (95% CI 0.67–0.87)] and [0.78 (95% CI 0.66– 
0.86)]. Additionally, among the physical examination 
tests, resisted isometric test, patella tilt test and navicular 
drop test had high specificity [0.78 (95% CI 0.67–0.86)] 
and high PLR [2.79 (95%CI 1.79–4.34), 2.79 (95%CI 
1.79–4.34) and 2.67 (95% CI 1.71–4.18)], respectively. 
As far as functional tests were concerned, the prolonged 
sitting test had the highest rate in specificity [0.92 (95% 
CI 0.84–0.96)], PLR [10.07 (95%CI 4.61–22.01)] and 
PPV [0.90 (95%CI 0.80–0.96)]. The squatting test and 
stair descending test had high specificity [0.87 (95%CI 
0.78–0.93)], high PLR [4.92 (95%CI 2.67–9.03), 4.65 
(95% CI 2.62–8.28)], and high PPV [0.82 (95%CI 0.70– 
0.90), 0.81 (95%CI 0.69–0.90)], respectively. Optimal 
cutoff points for the measures were also determined 
using ROC curve analysis (Table 4).

In addition, the combination of the physical exam
ination and functional tests demonstrated improved 
diagnostic accuracy. Table 5 shows the diagnostic clus
ters. Three clusters were determined. As seen in Table 5, 
the strongest combination of the physical examination 
and functional tests included pain severity between 3 
and 10 during stair descending test and pain severity 
between 6 and 10 during prolonged sitting test. This 
combination showed a PLR of 19.47 (95% CI: 6.36– 
59.65) and a posttest probability of 95%.

Discussion

Our findings indicated that among physical examination 
tests, only palpation test, patellar tilt test, eccentric step 
test, and navicular drop test can discriminate between 
PFPS and non-PFPS (AUC > 0.70). Furthermore, the 
eccentric step test and palpation test have the highest 
sensitivity and the lowest NLR among physical examina
tion tests, and thus have the best screening ability to rule 
out patients with PFPS. On the other hand, because of 
their highest specificity and the highest PLR, the resisted 
isometric test, patellar tilt test, and navicular drop test can 
be used to confirm the diagnosis of PFPS patients. In 
addition, these tests can be useful for the correct identifi
cation of PFPS patients because of their high PPV.

Table 4. Diagnostic accuracy values of the physical examination and functional tests.
Sensitivity 
(95% CI)

Specificity 
(95% CI)

AUC 
(95% CI) Best cutoff

LR+ 
(95% CI)

LR- 
(95% CI)

PPV 
(95% CI)

NPV 
(95% CI) Posttest probability

Patellar tilt test 0.61 
(0.49–0.71)

0.78 
(0.67–0.86)

0.73 
(0.65–0.81)

2.79 
(1.79–4.34)

0.49 
(0.37–0.65)

0.73 
(0.60–0.82)

0.67 
(0.56–0.76)

73%

Palpation 0.81 
(0.70–0.88)

0.65 
(0.54–0.75)

0.79 
(0.72–0.87)

2.37 
(1.73–3.27)

0.28 
(0.17–0.45)

0.69 
(0.59–0.78)

0.78 
(0.66–0.86)

69.5%

Resisted isometric 0.61 
(0.49–0.71)

0.78 
(0.67–0.86)

0.64 
(0.56–0.74)

2.79 
(1.79–4.34)

0.67 
(0.56–0.76)

0.67 
(0.56–0.76)

0.66 
(0.51–0.73)

73%

Eccentric step test 0.82 
(0.72–0.89)

0.64 
(0.53–0.74)

0.78 
(0.71–0.87

2.33 
(1.71–3.17)

0.27 
(0.16–0.44)

0.69 
(0.59–0.78)

0.79 
(0.67–0.87)

69%

Q angle 0.45 
(0.33–0.56)

0.60 
(0.48–0.70)

0.53 
(0.44–0.62)

12.5 1.11 
(0.78–1.59)

0.92 
(0.74–1.14)

0.52 
(0.39–0.64

0.52 
(0.42–0.63)

52%

Navicular drop test 0.58 
(0.47–0.69)

0.78 
(0.67–0.86)

0.75 
(0.67–0.82)

9.5 2.67 
(1.71–4.18)

0.32 
(0.40–0.69)

0.72 
(0.59–0.89)

0.65 
(0.55–0.75)

72%

Tibial torsion test 0.47 
(0.36–0.58)

0.57 
(0.45–0.68)

0.47 
(0.38–0.56)

21.5 1.11 
(0.79–1.56)

0.91 
(0.73–1.14)

0.52 
(0.40–0.63)

0.53 
(0.41–0.63)

52%

Craig test 0.42 
(0.31–0.54)

0.76 
(0.65–0.85)

0.59 
(0.50–0.68)

11.5 1.83 
(1.14–2.93)

0.78 
(0.61–0.91)

0.64 
(0.49–0.76)

0.57 
(0.47–0.67)

64%

Squatting 0.60 
(0.48–0.70)

0.87 
(0.78–0.93)

0.82 
(0.75–0.89)

5.5 4.92 
(2.67–9.03)

0.45 
(0.34–0.59)

0.82 
(0.70–0.90)

0.69 
(0.59–0.77)

82%

Stair climbing 0.45 
(0.33–0.56)

0.51 
(0.40–0.62)

0.53 
(0.43–0.62)

4.5 0.92 
(0.66–1.28)

1.07 
(0.86–1.33)

0.47 
(0.35–0.59)

0.48 
(0.37–0.59)

47%

Stair descending 0.62 
(0.50–0.72)

0.87 
(0.76–0.92)

0.86 
(0.80–0.92)

5.5 4.65 
(2.62–8.28)

0.43 
(0.32–0.57)

0.81 
(0.69–0.90)

0.70 
(0.60–0.78)

82%

Kneeling 0.32 
(0.22–0.44)

0.81 
(0.71–0.89)

0.63 
(0.53–0.72)

5.5 1.77 
(1.01–3.09)

0.82 
(0.70–0.96)

0.63 
(0.46–0.77)

0.55 
(0.46–0.64)

63%

Prolonged sitting 0.73 
(0.62–0.82)

0.92 
(0.84–0.96)

0.90 
(0.84–0.95)

5.5 10.07 
(4.61–22.01)

0.28 
(0.19–0.40)

0.90 
(0.80–0.96)

0.78 
(0.68–0.85)

91%

CI = Confidence interval; AUC = area under the curve; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; PPV = positive predictive value; 
NPV = negative predictive value.
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Figure 3. The receiver operating characteristic (ROC) curve for Q angle, navicular drop test, tibial torsion test, and Craig test.

Figure 2. The receiver operating characteristic (ROC) curve for palpation, resisted isometric contraction, patellar tilt test, and eccentric 
step test.
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The results of our study were in agreement with those 
of previous studies examining the diagnostic accuracy of 
evaluation tests in patients with PFPS. Haim, Yaniv, 
Dekel, and Amir (2006) found that the patellar tilt test 
has the highest specificity, the highest PLR, and good 
accuracy in diagnosing PFPS patients. Cook et al. (2010) 
also showed that pain during the resisted isometric test 
has high PLR and PPV. However, the results of our 
study on the eccentric step test were not consistent 
with those of Nijs, Van Geel, Van der Auwera, and 
VanVanVan de Velde (2006) who showed that this test 

has high PLR and can help identify patients with PFPS. 
In our study, the eccentric step test was found to have 
low NLR, and since it has a relatively low false-negative 
result, its true negative result can be useful for ruling out 
patients with PFPS.

Also, Selfe et al. (2001) reported that the eccentric 
step test triggers pain in 74% of patients with PFPS 
which was confirmed by our results indicating provoked 
pain in 66 out of 80 PFPS knees after the eccentric step 
test (82%). According to Piva et al. (2006) who examined 
the reliability of the measures of impairments related to 

Table 5. Diagnostic accuracy of best combinations (clusters) of the physical examination and functional tests.

Sensitivity Specificity
PPV 

(95%CI)
NPV 

(95%CI)

LR+ 
(95% 

CI)
LR- 

(95%CI) Posttest Probability

Cluster 1 ● 7≤ pain during stair descending≤10
● 0≤ pain during prolonged sitting≤5

12.5 97.56 83.33 
(53.07– 
95.67)

53.33 
(51.10– 
55.56)

5.12 
(1.16– 
22.66)

0.9 
(0.82– 
0.98)

83%

Cluster 2 ● 3≤ pain during stair descending≤10
● 6≤ pain during prolonged sitting≤10

71.25 96.34 95 
(86.12– 
98.31)

77.45 
(70.81– 
82.94)

19.47 
(6.36– 
59.65)

0.3 
(0.21– 
0.42)

95%

Cluster 3 ● Patellar tilt test = 1(positive)
● Eccentric step test = 1(positive)
● 0≤ pain during stair descending≤6
● 0≤ pain during prolonged sitting≤5

8.75 93.9 58.33 
(31.67– 
80.88)

51.33 
(49.15– 
53.51)

1.43 
(0.48– 
4.33)

0.97 
(0.89– 
1.06)

58%

PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; LR- = negative likelihood ratio.

Figure 4. The receiver operating characteristic (ROC) curve for squatting, stair climbing, stair descending, kneeling, and prolonged 
sitting.
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PFPS, among the tests they examined, the navicular drop 
test had a very high reliability.

The reason for the difference between our results 
and others may be that our study utilized a cohort of 
participants from a relevant clinical population (i.e. 
with PFPS and other knee disorders causing anterior 
knee pain) while subjects included in other studies 
consisted of individuals with PFPS and without any 
knee disorders. When subjects without any symp
toms, impairments, or disabilities are tested, this 
does not reflect the way most tests are applied clini
cally where distinctions between individuals with 
similar symptoms are required (Fritz and Wainner,  
2001). Spectrum or selection bias may occur when 
study subjects are not representative of the popula
tion on whom the test is typically applied in practice. 
Spectrum bias can profoundly affect the results of 
a study. The best method of ensuring 
a representative sample and avoiding spectrum bias 
is to utilize a cohort design with a consecutive group 
of subjects from a relevant clinical population (Fritz 
and Wainner, 2001). Further, our study included 
larger sample size and more general population com
pared to other ones. Another reason may be that we 
recruited a sample with a broader age range than did 
previous PFPS diagnostic studies.

The results of our study also demonstrated that all 
functional tests except the stair climbing test and the 
kneeling test have a good or excellent level of differ
entiation between the two groups of PFPS and non- 
PFPS patients. In addition, all tests except the stair 
climbing test had a high specificity and a high PLR. 
Thus, they have good ability in ruling in patients with 
PFPS. Although the kneeling test had high specificity, 
the PLR of this test was 1.77. As a result, a positive 
test result of this test alters, to a small and rarely 
important degree, the probability that a patient with 
anterior knee pain has PFPS.

In addition, based on the results of the present study, 
it can be stated that among the functional tests exam
ined, the prolonged sitting test has the highest specificity 
(0.92) and PLR (10.07). This means that the true positive 
result of this test (i.e. pain greater than 5.5 while doing 
this test) is useful to confirm the diagnosis of PFPS. The 
results of our study also showed that the presence of 
pain, while prolonged sitting has the highest PPV (0.90). 
This means that if during this test a patient experiences 
a pain level of greater than 5.5 (the optimal cutoff point) 
or, in other words, the result of this test is positive, there 
is a 90% chance that this patient has PFPS. Our results 
also indicated that the squatting test and stair descend
ing test have a high specificity, a high PLR, and 
a high PPV.

The results of our study are contrary to those of Cook 
et al. (2010) who evaluated the diagnostic accuracy of 
common functional activities used in the clinical diag
nosis of PFPS. In their study, they found that the pre
sence of pain during squats and kneeling tests had high 
sensitivity and PPV, but due to their low PLR (less 
than 2), these tests alone did not have a high diagnostic 
value in diagnosing PFPS. The reason for this difference 
may be due to the case–control design of Cook et al. 
(2010) study.

Given the fact that LRs are the best indicators for 
determining the clinical meaningfulness of diagnostic 
tests (Bossuyt et al., 2004; Cook, Cleland, and 
Huijbregts, 2007; Denegar and Fraser, 2006; Eusebi,  
2013; Fritz and Wainner, 2001) and since PFPS patients 
are correctly diagnosed after screening for other knee 
disorders, the diagnosis of PFPS requires tests with 
a high PLR for ruling in the presence of this disorder. 
The values of PLR for functional tests, including squat
ting, stairs descending, and prolonged sitting, ranged 
from 4.65 to 10.07, were greater than the ones for phy
sical examination tests, including palpation test, patellar 
tilt test, eccentric step test, and navicular drop test, 
ranged from 2.33 to 2.79. Thus, it can be argued that 
the physical examination tests show only a slight 
increase in the probability of identifying the PFPS 
group, while the functional tests show a moderate to 
large increase in the probability of the identification of 
the PFPS group. Therefore, the presence of pain during 
functional tests has a higher value in the diagnosis of 
patients with PFPS. The results of the present study can 
be justified by the fact that the presence of pain while 
descending stairs, squatting, and prolonged sitting test is 
a diagnostic indicator of patients with PFPS, and that 
during these tests the load on the knee joint considerably 
increases and consequently exacerbates the symptoms of 
PFPS patients (Richards et al., 2008). We also found that 
the combination of stair descending test and prolonged 
sitting test can be very useful for ruling in PFPS patients. 
In other words, we achieved the highest posttest prob
ability with regard to combined findings compared to 
the results obtained from using functional tests and 
physical examination tests independently.

The results of the present study are in line with those 
of Cook et al. (2010) who showed that the combination 
of pain during isometric contraction of the quadriceps 
muscle and pain during squatting leads to increased 
specificity and increased ability in identifying PFPS 
patients. Also, the presence of pain in at least two of 
the three tests (i.e. pain during isometric quadriceps 
contraction and pain during squatting and palpation 
test) leads to an increase in the LR and an increase in 
the ability to identify PFPS patients (Cook et al., 2010). 
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Unlike Cook et al. (2010), our study included different 
tests which might explain the differences observed in the 
obtained results and the magnitude of LR+.

Our results were also inconsistent with those of 
Sweitzer et al. (2010) who found that the combination 
of tests did not improve the diagnostic accuracy of 
indicators and was not a better alternative for clinical 
evaluation. Of course, Fredericson and Yoon (2006) 
claimed that combining several tests is the best form of 
diagnosis for people with PFPS, but they reported no 
measurement data regarding the accuracy of the tests, 
nor did they propose any specific combination 
(Fredericson and Yoon, 2006). The reason for the dif
ference may be that, in the Sweitzer et al. (2010) study, 
the patellar mobility scales were used alone for investi
gating the diagnosis of PFPS.

In summary, this study provided new insights into 
the diagnostic accuracy of physical examination and 
functional tests for the diagnosis of PFPS in anterior 
knee pain patients. Previous studies investigating the 
diagnostic accuracy of selected clinical tests for PFPS 
have concluded that individual physical examination 
tests do not help diagnose PFPS (Cook et al., 2010; 
Décary et al., 2017; Nijs, Van Geel, Van der Auwera, 
and VanVanVan de Velde, 2006). However, Haim, 
Yaniv, Dekel, and Amir (2006) reported LR+ values 
of 5.4 for the tilt test. Of course, it should be noted 
that the case–control design of their study and its 
sample which included only male soldiers may have 
biased the measures of diagnostic accuracy. On the 
other hand, our study demonstrated that when used 
alone, some physical examinations or functional tests 
can contribute to the better diagnosis of PFPS 
(because of their high LR+). This discrepancy in 
results can be explained by the different diagnostic 
criteria of PFPS and the included tests for diagnostic 
accuracy in the two studies.

Strengths and limitations
We recruited our patients from multicenter phy
siotherapy and orthopedics clinics, allowing for max
imum variation in patients with different diagnoses. 
Our data collection procedure ensured blinding of the 
evaluators between the index tests and the reference 
standard. The composite reference standard used by 
the expert orthopedic physicians included history ele
ments, physical examination tests, and imaging proce
dures. In addition to physical examination tests, we 
also included functional lower limb evaluation tests as 
index tests, which had not already been used in other 
studies. However, our study was limited in that we 
included the most common, but not all, physical 
examination tests used by clinicians to assess the 

knee joint, which might have affected the results. 
Another limitation was that the number of partici
pants was not sufficient for evaluating inter-rater relia
bility, so we suggest investigating the inter-rater 
reliability of these tests in a larger sample size in future 
studies.

Conclusion

Measures of palpation test, patellar tilt test, eccentric step 
test, and navicular drop test, as well as functional tests 
including squatting, stair descending, and prolonged sit
ting test have the best ability to discriminate between 
PFPS and non-PFPS (AUC > 0.70). Furthermore, these 
measures are clinically valuable in ruling out PFPS. Our 
results also showed that the combination of the stair 
descending test and the prolonged sitting test, as opposed 
to single tests, could be very useful in ruling out PFPS 
patients.
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