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Abstract

Introduction: The evaluation of changes in joint position sense (JPS) of the knee 
may be crucial for the identification of disorders that could start during the de-
velopment of patellofemoral pain syndrome (PFPS). Objective: To evaluate JPS of 
the knee in PFPS. Methods: Twenty nine women (15 healthy and 14 with PFPS) 
reproduced knee flexion angles of 45° and 60° during open kinetic chain exer-
cises and of 45° during closed kinetic chain exercises. Results: The absolute error 
in the active reproduction of 45° in open kinetic chain exercises was significantly 
higher in the experimental group. There were significant differences in absolute 
and relative errors between the groups for active reproduction at 45° in open and 
closed kinetic chain exercises. Conclusions: This study suggests that PFPS alters 
JPS during active reproduction of the 45° angle in both open and closed kinetic 
chain exercises.

Key words: Knee; Patellofemoral pain syndrome; Proprioception.

Resumo

Introdução: A avaliação de alterações do senso de posição articular (SPA) do joe-
lho é crucial para a identificação de desordens que ocorrem durante o desenvol-
vimento da síndrome da dor patelofemoral (SDPF). Objetivo: Avaliar o SPA do 
joelho na SDPF. Métodos: Vinte e nove mulheres (15 saudáveis e 14 com SDPF) 
reproduziram os ângulos de 45° e 60° de flexão do joelho em cadeia cinética aber-
ta e de 45° em cadeia cinética fechada. Resultados: O erro absoluto na reprodução 
ativa do ângulo de 45° em cadeia cinética aberta foi significativamente maior no 
grupo experimental. Foi observada diferença significante entre os grupos nos 
erros relativo e absoluto para a reprodução ativa do ângulo de 45° em cadeia 
cinética aberta e fechada. Conclusões: Este estudo sugere que a SDPF altera a 
SPA durante reprodução ativa do ângulo de 45°, tanto em cadeia cinética aberta 
quanto em fechada.

Descritores: Joelho; Propriocepção; Síndrome da dor patelofemoral. 
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Introduction

Patellofemoral pain syndrome (PFPS) is a 
disease with multifactorial causes that is charac-
terized by diffuse pain in the anterior knee, usu-
ally with insidious onset and slow progression1. 
PFPS is aggravated by activities that increase 
the compression forces in the patellofemoral 
joint, such as climbing and descending stairs, 
squatting, and sitting for long periods of time2-4. 
In PFPS, there is also a change in contact pres-
sure between the articular surfaces of the femur 
and patella during movement, which, associated 
with the muscular imbalance, can lead to break-
down of the articular cartilage and possible al-
teration in proprioception because the features 
involved in knee proprioception are essential 
for proper musculoskeletal control5.

Proprioception comprises the sense of 
position and movement of the limbs and body 
without the use of vision. This concept can be 
defined as the sensory functions that let you 
feel the relative position of your body parts6,7. 
Currently, research shows that proprioception is 
a complex phenomenon linked to two sub-mo-
dalities, the sense of stationary position of the 
limbs, or joint position sense (JPS), and percep-
tion of limb movement, or kinesthesia2,7,8.

There are few studies that have assessed 
JPS in people with PFPS, with different conclu-
sions. Two studies found no significant change 
in proprioception in individuals with PFPS 
compared to the control group2,5. In five other 
studies4,9-12, there seems to be evidence that the 
symptomatic knee of individuals with PFPS 
shows changes in JPS. Only Jerosch et al.9 and 
Baker et al.4 evaluated JPS of the knee during 
closed kinetic chain (CKC) exercises, where 
the patellofemoral joint receives a greater load. 
However, the studies failed to conduct these as-
sessments while controlling for the speed of the 
repositioning of the limb, which may influence 
the perception of the target angle and act as a 
confounding factor. Other studies evaluate pro-
prioception with a patellar bandage13,14.

Considering the results of these stud-
ies, the issue of altering of the JPS of the knee 
in people with PFPS is not clear. One study 
shows that this change in JPS can occur because 
of pain and abnormal stress on the tissues in-
volved with the alignment of the patella, which 
can initiate neuromuscular changes in control of 
the quadriceps muscle and joint structures in-
volved in the patellofemoral region4. Thus, the 
purpose of this study was to evaluate knee JPS 
in participants with and without PFPS, compar-
ing the symptomatic and asymptomatic knee of 
the participants with PFPS in open and closed 
kinetic chain exercises and active and passive 
reproduction.

Methods

Participants
Thirty-eight female participants were 

evaluated. Twenty-three of the participants 
had no musculoskeletal alteration, and 15 pre-
sented PFPS. The inclusion criteria were as 
follows: medical diagnosis of PFPS; reporting 
previous anterior or retropatellar knee pain for 
at least six months, during or after at least two 
activities including squatting, climbing or de-
scending stairs, sitting for long periods, kneel-
ing, running, and jumping; insidious onset of 
symptoms unrelated to a traumatic event; and 
showing positive results for patellar compres-
sion, scraping, Waldron’s test, and instability 
during a descending 20 cm step test15-18. The ex-
clusion criteria were ligamentous or meniscal 
injury, surgery or injury in the patellofemoral 
joint, patellar subluxation, persistent edema 
of the knee19 and practice of regular physical 
activity. Of the evaluated participants, eight 
considered healthy were excluded because pa-
tellar tests yielded positive results. One par-
ticipant with PFPS was also excluded because 
of negative patellar tests. Thus, the control 
group was composed of 15 participants and 
the experimental group of 14. All participants 
signed a free and informed consent form ap-
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proved by the Research Ethics Committee of 
the Universidade Cidade de São Paulo (protocol 
number 13319387).

The mean age of participants in the control 
group was 23.0 ± 1.0 years, mean weight was 58.2 
± 4.6 kg, mean height was 1.6 ± 0.1 m, and mean 
body mass index (BMI) was 21.6 ± 1.1 kg/m2. 
For the experimental group, the mean age was 
24.0 ± 1.0 years, mean weight was 57.7 ± 3.0 kg, 
mean height was 1.6 ± 0.1 m, and mean BMI was 
21.8 ± 1.6 kg/m2. There was no significant dif-
ference in these characteristics between groups. 
The right lower limb was dominant in all par-
ticipants in the control group, and only one par-
ticipant of the experimental group showed left 
limb dominance. 

Evaluation
Both knees were evaluated in each group 

as follows: 1) with and without PFPS for the 
experimental group and 2) self-reported 
dominant and non-dominant leg for the con-
trol group. The sequences of tests and of the 
evaluated target angles were randomly chosen. 
The equipment used for the evaluation was an 
isokinetic dynamometer (Cybex Norm, CSMI, 
Stoughton, MA, USA) and an electrogoniom-
eter, model GN360˚ with an accuracy of 0.5 de-
grees (Miotec Equipamentos Biomédicos Ltda., 
Porto Alegre, Brazil), and both were calibrated 
according to the manufacturer’s instructions 
before each test. The participants were tested 
without visual information. The skin of the 
lower limb was cleansed with alcohol, and the 
electrogoniometer was positioned on the axis 
of the knee joint and secured with an elastic 
bandage (Kinesio Tex, KMS, Albuquerque, NM, 
USA) to capture the joint angle. In all situa-
tions, the angle was measured by the electrogo-
niometer. This is a valid procedure to reliably 
measure JPS19.

For the evaluation in open kinetic chain 
(OKC) exercises, participants were blindfolded 
and positioned sitting in the chair of the iso-
kinetic dynamometer with the spine supported 

and secured by belts at the pelvis and shoul-
ders according to the settings and recommen-
dations in the manual from the manufacturer. 
The popliteal region was approximately 10 cm 
from the seat of the chair to eliminate possi-
ble skin interference. The knee joint was ini-
tially positioned at 90° of flexion as measured 
by the electrogoniometer, with the knee joint 
axis aligned with the axis of the dynamometer. 
A sphygmomanometer (Tycos, Welch Allyn 
Inc., Skaneateles Falls, NY, USA) inflated to 40 
mmHg was placed on the anterior part of the 
tibia to reduce tactile feedback in the leg caused 
by the support of the dynamometer chair12, as 
shown in Figure 1.

In the passive test, the arm of the dyna-
mometer altered the position of the limb to be 
tested passively at a constant speed of 2°/s un-
til reaching the target angle of 45° of knee flex-
ion. This position was held for ten seconds to 
allow joint perception, and the joint was then 
returned to the starting position. This process 
was performed three times. After the procedure 
for joint perception, the dynamometer passively 
moved the leg from 90° to 30° of knee flexion 
three times, and the participant stopped the 
movement when she believed it was at 45°. At 
this point, the angle was recorded by an electro-
goniometer. For the active test, a new perception 
procedure was performed with the prior param-
eters, and the participants actively reproduced 
the 45° angle of flexion three times2.

After five minutes, the same procedure 
was performed with a target angle of 60° of knee 
flexion. The arm of the dynamometer passively 
positioned the limb at the target angle of 60° of 
knee flexion, and the range of free motion was 
90° to 45° to reproduce the target angle2.

The evaluation during the CKC exercise 
was performed only at a target angle of 45°. The 
participants were positioned standing while 
blindfolded in front of a backrest that they could 
use to stay balanced with the support of a fin-
ger4. Initially, they stayed in a bilateral squat at 
45° of knee flexion for ten seconds three times to 
perceive the target angle. The participants were 
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instructed to perform squats in the typical fash-
ion (Figure 2). After these repetitions, they were 
instructed to actively reproduce the angle three 
times, and the values were controlled and stored 
by the electrogoniometer. Figure 3 shows the 
evaluations of the participants in terms of eligi-
bility criteria, their distribution among groups, 
and type of assessment.

Statistical analysis
We analyzed the angles reproduced by the 

participants relative to the target angles. The 
absolute error was defined as the difference 
between reproduction and target angle, ignor-
ing sign. Relative error was defined as the dif-
ference between reproduction and target angles 
considering the value of the sign4. This design 
made it possible to establish the error value in 
degrees and determine whether the target was 

Figure 1: A – Open kinetic chain exercises position; B – Detailed position of the 
sphygmomanometer and electrogoniometer

Figure 2: A – Closed kinetic chain exercises 
position; B – Detailed position of the 
electrogoniometer

Figure 3: Diagram flow of the study. PFPS: 
patellofemoral pain syndrome, JPS: joint 
position sense, OKC: open kinetic chain. 
CKC: closed kinetic chain 
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exceeded (positive values), reached, or missed 
(negative values).

Statistical analysis was performed with a 
5% level of significance. The normality of the 
following variables was evaluated using the 
Shapiro-Wilk test: errors of the target angles 
(45° and 60° of knee flexion), age, height, weight, 
and BMI. After verifying normality, Bartlett’s 
and Levene’s tests were performed to verify 
homogeneity. Because normality and homoge-
neity were satisfactory for all variables, a two-
way analysis of variance (ANOVA) with Tukey’s 
post hoc test was used to compare the treatment 
groups, both in OKC and CKC exercises. A one-
way Anova with Tukey’s post hoc test was used 
for intragroup comparisons.

Results

In the evaluation of JPS in OKC, there was 
a significant difference between the knee of the 
dominant leg and non-dominant leg in all situa-
tions evaluated for the control group (p<0.05). For 
the experimental group, there was a significant 
difference only for the absolute error (p=0.048) 
between knees with and without PFPS at the tar-

get angle of 45° of knee flexion for active repro-
duction. At the target angle of 60° of knee flexion, 
we observed a significant difference only in the 
relative error for active reproduction (p<0.033) 
and passive reproduction (p=0.003). For both re-
productions, the target angle was exceeded. 

When comparing the knee of the domi-
nant leg in the control group to the knee with 
PFPS in the experimental group, there were sig-
nificant differences only for the target angle of 
45° of knee flexion in active reproduction for 
both the absolute error (p=0.029) and relative er-
ror (p=0.032). For the relative error, the partici-
pants exceeded the target angle. There were no 
statistically significant differences in any of the 
reproductions and errors for the target angle of 
60° of knee flexion (p>0.05). 

A comparison of the active and passive re-
productions of target angles of 45º and 60º degrees 
of flexion in the knee with PFPS in the experimen-
tal group revealed a statistically significant dif-
ference in active reproduction at 45º of knee flex-
ion for both the absolute error (p=0.001) and the 
relative error (p=0.001). There was no statistically 
significant difference for the target angle of 60° of 
knee flexion (p>0.05). The participants exceeded 
the target angle in all situations (Table 1). 

Table 1: Absolute and relative errors, in degrees, evaluated in open kinetic chain (45º and 60º 
of knee flexion) for the control group (dominant leg and non-dominant leg) and experimental 
group (knee with and without patellofemoral pain syndrome) 

Control group (n=15) Experimental group (n=14)

Target angle Type of error Reproduction Dominant leg
Non-dominant 

leg
Knee without 

PFPS
Knee with 

PFPS

450

Absolute Active
Passive

1.0 ± 0.7
0.8 ± 0.7

1.4 ± 0.71

1.3 ± 0.62
1.3 ± 1.1
1.0 ± 0.9

2.8 ± 2.99,12

2.2 ± 2.514

Relative Active
Passive

0.9 ± 0.7
0.8 ± 0.6

1.4 ± 0.73

1.3 ± 0.64
1.3 ± 1.1
1.0 ± 0.9

2.8 ± 2.013

2.1 ± 1.915

600

Absolute Active
Passive

0.1 ± 0.8
0.6 ± 0.5

1.2 ± 0.75

1.0 ± 0.66
1.2 ± 1.5
0.8 ± 1.0

1.7 ± 4.1
1.3 ± 3.4

Relative Active
Passive

0.8 ± 0.7
0.6 ± 0.5

1.2 ± 0.77

1.0 ± 0.68
3.9 ± 2.1
0.8 ± 1.1

1.7 ± 4.010

1.3 ± 3.011

Data presented as mean ± SD
PFPS= patellofemoral pain syndrome
1p=0.004 versus dominant leg; 2p<0.001 versus dominant leg; 3p=0.003 versus dominant leg; 4p=0.002 versus 
dominant leg; 5p<0.001 versus dominant leg; 6p=0.003 versus dominant leg; 7p=0.001 versus dominant leg; 
8p=0.030 versus dominant leg; 9p=0.048 versus knee without PFPS; 10p=0.033 versus knee without PFPS; 
11p=0.003 versus knee without PFPS; 12p=0.029 versus dominant leg; 13p=0.032 versus dominant leg; 14p=0.001 
versus passive reproduction; 15p=0.001 versus passive reproduction.
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Table 2 shows the comparison of the re-
production of JPS in CKC exercises between the 
knee of the dominant leg in the control group 
and the knee with PFPS in the experimental 
group for a target angle of 45° of knee flexion. 
There was a statistically significant difference 
for both the absolute error (p=0.002) and relative 
error (p=0.002), with the experimental group 
producing greater errors and underestimating 
the target angle. 

Discussion 

Two systems for assessing JPS of the knee 
stand out among those found in the literature: 
the isokinetic dynamometer, for passive repro-
duction of movement, and the electrogoniom-
eter, for measuring joint angle18. According to 
Lephart and Fu20, the use of continuous passive 
motion in the isokinetic dynamometer was vali-
dated and recognized as one of the best meth-
ods for this type of evaluation; however, it was 
not an available resource for the evaluation con-
ducted in this study. 

Although some authors have used angles 
measured by an isokinetic dynamometer9,11,12,21, 
in this study we chose measurement by an 
electrogoniometer. This measurement was ac-
complished by positioning the arm of the dyna-
mometer relative to the subject’s leg such that 
the angles obtained by the dynamometer system 
were not the exact values of the joint position of 
the limb. The reason for this was that the sphyg-

momanometer that was used to reduce tactile 
feedback changed the initial angle of the knee. 

We observed that, for most reproductions, 
there were no statistically significant differ-
ences in JPS between the knee with and without 
PFPS in the experimental group, as measured 
by the absolute and relative errors. This result 
shows that even the asymptomatic knee of PFPS 
patients may exhibit alteration of the JPS. The 
data found in a study by Kramer et al.5 also 
showed no significant difference between the 
affected and unaffected knees of patients with 
PPS, although they evaluated reproduction of 
angles in different situations (sitting and stand-
ing). Jerosh et al.9 observed a change in the JPS 
of the asymptomatic knee in patients with PFPS 
compared to a control group, which suggests 
that the unaffected knee also shows altered pro-
prioception. Similar results were also found in 
a study by Baker et al.4, which observed that the 
asymptomatic knee of patients with unilateral 
PFPS showed altered proprioception. 

All participants with PFPS had symptoms 
in the dominant leg, except one subject whose 
symptoms were in the non-dominant leg. Thus, 
one of the factors that might have influenced the 
observed errors in the asymptomatic knee may 
have been the actual characteristic of the PFPS, 
which can be present bilaterally, as well as pos-
sible compensation that may occur due to the 
pain of the syndrome4. This factor is reflected 
in the result that more errors were made with 
the non-dominant leg than with the dominant 
leg in the control group for both the 45° and 60° 
target angles of knee flexion during active and 
passive reproductions. It can be suggested that 
the dominant leg has more accuracy in the repo-
sitioning of an angle.

It is noteworthy that a very large variabil-
ity and high standard deviation were observed 
in the group with PFPS. This result can be ex-
plained by the nature of the disease, which is 
characterized by multifactorial causes. For this 
syndrome, etiological differences are difficult 
to control, and few studies have evaluated the 
causal effects. However, the differences were 

Table 2: Absolute and relative errors, in 
degrees, evaluated in closed kinetic chain 
for the control group (dominant leg) and 
experimental group (knee with PFPS) 
Target 
angle 

Type of 
error

Control 
group

Experimental 
group

45º
Absolute 1.5 ± 6.9 3.6 ± 0.51

Relative 3.5 ±0.6 -1.6 ± 0.22

Data expressed as mean ± SD
PFPS= patellofemoral pain syndrome
1p=0.002 versus control group; 2p=0.002 versus 
control group.
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significant for active reproduction and the abso-
lute error at the target angle of 45º as well as for 
active and passive reproduction and the relative 
error at the target angle of 60º. 

In comparing JPS between the dominant 
knee in the control group and the knee with 
PFPS in the experimental group, there was a 
statistically significant difference in both the 
absolute and relative errors for active reproduc-
tion at 45º, which is considered a critical angle 
in functional motion of the knee joint. At this 
angle, which is commonly used in daily activi-
ties, the pressure between the patella and the 
femoral groove increases22. Nevertheless, in the 
passive reproduction at 45º and active and pas-
sive reproduction at 60° assessments, there was 
no statistically significant difference for either 
absolute or relative error. Lobato et al.2 observed 
no change in knee proprioception in patients 
with PFPS compared to a control group without 
PFPS in assessing JPS using the passive move-
ment of the isokinetic dynamometer at target 
angles of 30º, 45º, and 60º.

However, Baker et al.4 and Hazneci et al.11 
observed a significant difference between the 
errors of participants with PFPS compared with 
a control group without injury. The first study 
evaluated reproductions at angles of 20º and 60º, 
and the second study at angles of 40º and 50º, 
using an isokinetic dynamometer for limb po-
sitioning. 

The comparative analysis of the active and 
passive reproductions at 45° and 60° of knee flex-
ion showed that both absolute and relative error 
were significantly higher in the active reproduc-
tions compared with the control group for the 
target angle of 45°. In the literature, all studies, 
with the exception of three4,5,12, used passive 
movement for active and passive perception of 
the target angle, which may have favored larger 
errors for active reproduction. Indeed, Kramer 
et al.5 and Selfe et al.12 found no difference in 
the comparisons. The fact that perception of 
the angle was achieved with passive movement 
may have influenced the errors found during 
active reproduction because the physiological 

characteristics and activation of receptors and 
mechanoreceptors are different7. Thus, because 
the physiological characteristics of perception 
are different, continuous passive motion seems 
to be the best resource for perception only for 
passive reproduction and not for active repro-
duction, as proposed by the literature and the 
present study10,22. 

The present study shows that for the CKC 
exercise, the experimental group showed greater 
relative and absolute error for the target angle of 
45º. Moreover, the subjects had a tendency not to 
reach the target angle. This result was most likely 
caused by their concern regarding increased joint 
compression that usually occurs during daily ac-
tivities23. This trend was not observed in the OKC 
recordings, in which the participants generally 
exceeded the target angle. A study that evaluated 
JPS during a horizontal squat did not find differ-
ence between PFPS patients and a control goup24.

The target angle of 60° was not used for 
CKC comparisons. During a series of pilot stud-
ies, participants showed a high level of instabil-
ity and could not stay in place during the time 
required for perception. In this situation, the 
greater the flexion of the knee, the greater the 
compression of the patellofemoral joint. 

Major differences in the definition of pro-
prioception and its sub-modalities were found 
in our survey of the literature. These differences 
may have even favored the methodological dis-
tinction found in related studies because the po-
sitioning and angle analysis systems used were 
different. In this study, we opted for position-
ing and angular capture systems that had been 
validated and were better represented in the lit-
erature2,11,12,21. The methodology proposed in this 
study permits the assessment of JPS of the knee 
joint – which is considered an important stage 
and sub-modality of proprioception – but not all 
its proprioceptive responses. Thus, this study 
did not assess kinesthesia or motion detection, 
which are important features of a complete pro-
prioceptive evaluation. 

Misalignment of the patella, which is trig-
gered by multifactorial mechanisms such as im-
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balance of the vastus medialis and vastus late-
ralis muscles, alteration of the Q angle, muscle 
shortening of the quadriceps and iliotibial tract, 
and altered proprioception, could be the begin-
ning of major knee injuries21,23. Thus, identifying 
JPS changes in individuals with PFPS is critical 
for determining intervention programs and pre-
venting future deficits. 

Conclusion

For the methodological conditions used, 
this study suggests that patients with PFPS have 
changes in JPS compared to the control group 
only in active reproductions at the target angle 
of 45° in both OKC and CKC exercises, normally 
exceeding the target angles. Furthermore, it was 
observed that the asymptomatic knee of patients 
with PFPS demonstrated an alteration of JPS 
when compared with the affected knee. 
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