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Abstract

Objective. Compare pressure pain thresholds
(PPTs) at the knee and a site remote to the knee in

female adults with patellofemoral pain (PFP) to
pain-free controls before and after a patellofemoral
joint (PFJ) loading protocol designed to aggravate
symptoms.

Design. Cross-sectional study

Setting. Participants were recruited via advertise-
ments in fitness centers, public places for physical
activity and universities.

Subjects. Thirty-eight females with patellofemoral
pain, and 33 female pain-free controls.

Methods. All participant performed a novel PFJ
loading protocol involving stair negotiation with an
extra load equivalent 35% of body mass. PPTs and
current knee pain (measured on a visual analogue
scale) was assessed before and after the loading
protocol. PPTs were measured at four sites around
the knee and one remote site on the upper contra-
lateral limb.

Results. Females with PFP demonstrated signifi-
cantly lower PPTs locally and remote to the knee,
both before and after the PFJ loading protocol when
compared to control group. Following the loading
protocol, PPTs at knee were significantly reduced by
0.54 kgf (95%CI 5 0.33; 0.74) for quadriceps tendon,
0.38 kgf (95%CI 5 0.14; 0.63) for medial patella, and
0.44 kgf (95%CI 5 0.18; 0.69) for lateral patella. No
significant change in PPT remote to the knee was
observed – 0.10 kgf (95%CI 5 20.04; 0.24).

Conclusions. Female adults with PFP have local
and widespread hyperalgesia compared to pain free
controls. A novel loading protocol designed to ag-
gravate symptoms, lowers the PPTs locally at the
knee but has no effect on PPT on the upper contra-
lateral limb. This suggests widespread hyperalgesia
is not affected by acute symptom aggravation.
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Introduction

Patellofemoral pain (PFP) is defined as idiopathic anter-
ior knee pain, with symptoms aggravated by activities
such as stair negotiation and squatting that load the
patellofemoral joint (PFJ) [1–3]. The estimated preva-
lence of PFP among females aged 18–35 years is 13%
[4] and is 2.23 times more common than in males [5].
Symptoms often lead to reduced participation in sports
and daily activities, and a large number of individuals
with PFP have recurrent or chronic pain, which may in-
crease the risk of developing osteoarthritis in later life
[6,7].

Previous research investigating deficits in individuals
with PFP have mostly focused on biomechanics and re-
ported small differences in the way that patients move
compared to pain free controls [8–10]. However, it is
unclear whether these small, observed differences are
the cause of pain, or alternatively, pain itself is respon-
sible for driving (perhaps by compensatory mechanisms)
them [11]. Regardless, pain is a cortical experience and
the single most important symptom for the patient.
Other factors such as fear of pain and recurrence or
chronicity can amplify the pain experience for the patient
[11]. The amplification of signaling in the central nervous
system that elicits an increased response to a stimulus
is called central sensitization [12]. The presence of sen-
sitization results in hyperalgesia, which is defined by the
International Association for the Study of Pain (IASP) as
“an increased response to a stimulus which is normally
painful,” e.g., intense pain following a mechanical stimu-
lus [13,14]. Local and widespread hyperalgesia are usu-
ally measured by pressure pain threshold (PPT)
[13,15,16].

At present, there is only one study that has investigated
local and widespread hyperalgesia among patients with
PFP [15]. Rathleff et al. [15] reported significantly lower
PPTs at the knee and a site on the lower limb in adoles-
cents with long-standing PFP compared to pain free
adolescents. This suggests that adolescent females with
PFP have local and widespread hyperalgesia. At pre-
sent, there does not appear to be any evaluation of
PPTs or possible presence of widespread hyperalgesia
in adults with PFP. Addressing this knowledge gap in
the PFP evidence-base may prove important as it may
demonstrate a need to change the current treatment
focus from a biomechanically and strength targeted per-
spective to include components aimed at pain neurosci-
ence education. Treatment strategies including intensive
pain neuroscience education and exercise therapy [17]
might improve outcomes and reduce the risk of long-
standing pain [18].

Previous findings suggest that the degree of local and
widespread hyperalgesia correlate with clinical pain rat-
ings, measured by visual analogue scale (VAS) [19].
Although, PFP symptoms such as pain are intermittent
and variable [2], it is unclear if PPT measures have the
same variability. Understanding potential variability of
PPT measures in PFP has important implications when
attempting to quantify local and widespread hyperalge-
sia in individuals with PFP. Stair negotiation is often
used to evaluate the reliability of symptoms and to iden-
tify abnormal movement patterns indicative of PFP
[9,20,21]. Additionally, stair negotiation with an external
extra load will further increase the PFJ stress, and con-
sequently, may arouse the symptoms in individuals with
PFP [22,23]. Therefore, this is a relevant functional task
to measure potential changes in local and widespread
hyperalgesia that may result from an acute aggravation
of knee pain.

The aim of this study was to evaluate local PPTs at the
knee and remote to the knee in female adults with PFP
compared to pain-free controls before and after a PFJ
loading protocol. It was hypothesized that: 1) patients
with PFP would have lower PPTs local at the knee and
remote on the upper limb compared to controls; and 2)
patients with PFP will have a significant reduction in
both local and remote PPTs after the PFJ loading proto-
col, but there would be no change in PPT measures
among pain free controls.

Methods

This study is reported according to STROBE guideline
recommendations, and uses a cross-sectional design
comparing adult patients with PFP to a pain free control
group. Seventy-one females aged 18 to 30 years were
recruited, consisting of two groups, PFP (PFPG; N¼ 38)
and control (CG; N¼33). An upper limit of 30 years
was chosen to reduce the risk of including someone
with PFJ osteoarthritis. Participants were recruited in the
west region of Sao Paulo state—Brazil, via advertise-
ments in fitness centers, public places for physical activ-
ity and universities, between June and November 2014.
The study was approved by the Local Ethics Committee
and each participant gave written informed consent
prior to participation. The sample size was calculated on
the basis of previous studies [24,25]. Using
alpha� 0.05, and an expected difference between
groups of at least 25% on the PPT measurements with
a common standard deviation of 0.80kgf [15]. A min-
imum of 25 individuals per group was estimated to be
needed to ensure 80% power.

Diagnosis of PFP was completed following consensus
from two experienced clinicians ( >5 years’ experience)
and based on definitions used in previous studies
[21,26]. The inclusion criteria were: 1) symptoms of in-
sidious onset and duration of at least 3 months; 2) an-
terior knee pain during at least two of the following
activities: prolonged sitting, squatting, kneeling, running,
climbing stairs, and jumping; 3) worst pain level in the
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previous month at least 3 cm on a 10 cm VAS; and 4)
three or more positive clinical signs in the following
tests: Clarke’s sign, McConnell test, Noble compres-
sion, Waldron test and patellar pain on palpation.
Prospective participants were required to fulfill all four
requirements to be included in the PFPG. To be
included the CG participants could not present any
signs or symptoms of PFP or other musculoskeletal
conditions. Exclusion criteria for both groups were:
events of patellar subluxation or dislocation; lower limb
inflammatory process; lower limb surgery; patellar ten-
don or meniscus tears; bursitis; ligament tears or the
presence of neurological diseases. Those who had
received oral steroids, opiate treatment, acupuncture,
physiotherapy or any other treatment for pain during the
preceding 6 months were also excluded from this study.

Measurements

Pressure pain thresholds were measured using a hand-
held pressure algometer (Wagner FPXTM 25, Greenwich,
CT, USA) with a probe of 1cm2. Units were measured
as kilogram-force (kgf) and the graduation was given by
0.01 kgf.

All measurements were performed by the same trained
rater to apply a pressure rate of 0.50 kgf/s [25]. All
evaluations were performed with individuals in a stand-
ardized position, supine with slightly flexed knees (ap-
proximately 20�) supported by a cushion under the
popliteal fossa [24,27]. Four sites in the patellar region
were selected for PPT testing: quadriceps tendon (QT),
medial patella (MP), lateral patella (LP), and patellar ten-
don (PT) [28]; and on an upper limb (UL) remote site,
the lesser tubercle of the humerus (Figure 1) [29]. PPT
was measured twice at each site with a 30-second
period between testing [30], and the average was used
for analysis [15,24,27]. Participants were instructed to
indicate when the sensation changed from a sensation
of pressure to the first sensation of pain.

Prior to the PPT measurements, all individuals were
asked to rate their knee pain on a 10 cm VAS. In this
scale, the ends were defined by no pain and worst per-
ceived pain [3,27,31].

Procedures

Pain VAS and PPT data were collected before and after
a PFJ loading protocol. The PFJ loading protocol in-
volves a stair case with seven steps, where the partici-
pants performed 15 repetitions of stair ascent and
descent with 35% external load of the subject’s body
mass [23], carried in a backpack. A metronome was
used at 96 steps/minute to standardize the rhythm of
stair negotiation [32,33]. For the reliability analysis,
measurements were completed on two separated days,
with an interval of 2 to 7 days, at the same period of
the day. PPT measurements were performed in the
same manner both days, with PPT being measured
twice at each site and the average being used for

analysis [15,24,27] both before and after the PFJ load-
ing protocol. Participants were advised to avoid taking
medications during and between the assessments, as
well as changing common habits and physical activity
levels.

Reliability

For PFPG, all PPT measures showed satisfactory reli-
ability assessed by the intraclass correlation coefficient
(2,k) values ranging between 0.72 to 0.80 for PT and
UL respectively before the PFJ loading protocol. The re-
liability values increased after PFJ loading protocol rang-
ing between 0.79 to 0.86 for UL and QT respectively.
The reliability for VAS measures was 0.79 and 0.76 be-
fore and after PFJ loading protocol, respectively. The
intraclass correlation coefficient (ICC), standard error of
measurement (SEM) and the minimal detectable change
with a confidence level of 95% (MDC95) for both groups
are presented in Table 1. In order to clarify the SEM’s

Figure 1 A ¼ Represents the knee position with slightly
flexion and the four sites in the patellar region selected
for PPT testing; B ¼ the remote site; C and D ¼ ex-
amples of the PPT testing.
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interpretation, the values are also expressed as a per-
centage of the mean.

Statistical Analysis

All analyses were performed using Statistical Package
for the Social Sciences software program (version 18.0,
SPSS, INC., Chicago, IL) with an a priori level of signifi-
cance of 0.05. Normality and variance homogeneity of
data were tested using the Shapiro-Wilk and Levene
tests, respectively. Data for normally distributed vari-
ables were reported as mean 6 SD.

Due to high values of reliability, data used for subse-
quent analyses were from first day of data collection
(this day was randomly chosen). For each dependent
variable (PPTs and VAS), a two-way mixed model ana-
lysis of variance (ANOVA) was run with the between fac-
tor being group (PFPG and CG) and the within factor
with repeated measures being before and after the PFJ
loading protocol. Bonferroni’s post hoc test was per-
formed for multiple pairwise comparisons where appro-
priate. The data reported from ANOVA were the F
values (with degrees of freedom), partial eta squared (as
a measure of effect size) and P values. The guidelines
[34] for interpreting the eta squared are: 0.01¼ small ef-
fect, 0.06¼moderate effect, 0.14¼ large effect.

Results

The comparison of the demographics characteristics
between groups indicated no differences for age, height
or body mass (Table 2). A significant group by appraisal
(before and after) interaction was observed for three
PPTs measures: QT (F1,69¼12.731; g2¼0.156;
P¼0.001), MP (F1,69¼7.399; g2¼0.097; P¼ 0.008)
and LP (F1,69¼10.488; g2¼0.132; P¼ 0.002); and VAS
(F1,69¼48.046; g2¼0.410; P< 0.001). The post hoc
analysis using Bonferroni correction revealed that there
were differences between the PFPG and CG in all
measures before and after the PFJ loading protocol
(Figure 2). The mean difference between CG and PFPG
for PPTs at the knee (QT, MP, LP and PT) and PPTs re-
mote at the knee (UL) are showed in Table 3.

Table 1 ICC2,2 with 95% confidence intervals, SEM and MDC95 values of the algometer and VAS

measures

Before PFJ loading protocol

CG PFPG

ICC2,2 (95% CI) SEM(%) MDC95 ICC2,2 (95% CI) SEM(%) MDC95

QT 0.84 (0.69; 0.92) 0.33 (6.4) 0.91 0.77 (0.05; 0.91) 0.54 (13.4) 1.50

MP 0.89 (0.78; 0.94) 0.19 (3.6) 0.53 0.78 (0.23; 0.91) 0.51 (12.3) 1.41

LP 0.81 (0.62; 0.90) 0.24 (4.6) 0.67 0.76 (0.34; 0.89) 0.56 (13.1) 1.55

PT 0.79 (0.58; 0.90) 0.18 (3.4) 0.50 0.72 (0.10; 0.89) 0.55 (12.5) 1.52

UL 0.84 (0.65; 0.92) 0.57 (15.7) 1.58 0.80 (0.57; 0.90) 0.41 (16.0) 1.14

VAS NA NA NA 0.79 (0.58; 0.89) 0.93 (93.0) 2.58

After PFJ loading protocol

QT 0.92 (0.84; 0.96) 0.32 (6.4) 0.89 0.86 (0.52; 0.94) 0.47 (14.1) 1.30

MP 0.86 (0.71; 0.93) 0.25 (4.8) 0.69 0.84 (0.68; 0.95) 0.54 (15.0) 1.50

LP 0.77 (0.53; 0.88) 0.29 (5.6) 0.80 0.82 (0.61; 0.91) 0.55 (14.7) 1.52

PT 0.74 (0.47; 0.87) 0.23 (4.3) 0.64 0.85 (0.71; 0.92) 0.54 (13.8) 1.50

UL 0.93 (0.85; 0.96) 0.46 (12.9) 1.28 0.79 (0.59; 0.90) 0.42 (17.4) 1.16

VAS NA NA NA 0.76 (0.54; 0.88) 1.41 (39.8) 3.91

PFJ ¼ patellofemoral joint; CG ¼ control group; PFPG ¼ patellofemoral pain group; QT ¼ quadriceps tendon; MP ¼ medial pa-

tella; LP ¼ lateral patella; PT ¼ patellar tendon; UL ¼ upper limb; VAS ¼ visual analogue scale; ICC ¼ intraclass correlation co-

efficient; 95% CI ¼ confidence interval; SEM ¼ standard error of the measurement; MDC95 ¼ minimal detectable change (95%

confidence interval); NA ¼ not applied.

VAS does not present ICC, SEM and MDC95 values for the CG in any condition, because there was no variance in the data of in-

dividuals in this group.

Table 2 Characteristics of participants

PFPG CG P value

Age (years) 21.662.6 22.463.5 0.153

Height (m) 1.6460.06 1.6560.10 0.275

Body mass (kg) 61.8969.91 62.34610.63 0.702

Symptoms

duration (years)

5.1963.84 –

PFPG ¼ patellofemoral pain group; CG ¼ control group.

The values are showed in mean 6 standard deviation.
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Comparisons between the two conditions (before and
after the PFJ loading protocol) for PFPG resulted in sig-
nificant reductions in PPTs 0.54kgf (95% CI ¼0.33;
0.74; P< 0.001) for QT, 0.38kgf (95% CI¼ 0.14; 0.63;
P¼ 0.003) for MP and 0.44kgf (95% CI ¼ 0.18; 0.69;
P¼ 0.001) for LP (Figure 2); and a significant increase in
pain VAS �2.37cm (95% CI ¼�2.98; �1.76; P<0.001)
(Figure 3). The distal site (UL) did not present any

significant difference in PPT following the PFJ loading
protocol for either group (P> 0.142).

Discussion

Findings from this study show that female adults with
PFP have lower PPTs locally at the knee, and on the
contra-lateral upper limb, suggesting widespread

Table 3 Mean difference between control group and PFP group in two conditions

Before PFJ loading protocol After PFJ loading protocol

Mean difference (95% IC) P value Mean difference (95% IC) P value

QT 1.39 (0.95; 1.83) <0.001 1.87 (1.36; 2.37) <0.001

MP 1.39 (1.00; 1.77) <0.001 1.75 (1.32; 2.18) <0.001

LP 1.09 (0.71; 1.46) <0.001 1.54 (1.14; 1.93) <0.001

PT 1.05 (0.71; 1.39) <0.001 1.27 (0.85; 1.69) <0.001

UL 1.03 (0.57; 1.49) <0.001 1.18 (0.72; 1.65) <0.001

VAS �1.03 (�1.66; �0.40) 0.002 �3.39 (�4.19; �2.60) <0.001

PFJ ¼ patellofemoral joint; QT ¼ quadriceps tendon; MP ¼ medial patella; LP ¼ lateral patella; PT ¼ patellar tendon; UL ¼
upper limb; VAS ¼ visual analogue scale.

The PPT values are showed in kilogram-force (kgf) and VAS measure is in centimeter (cm).

Figure 2 CG ¼ control group; PFPG ¼ patellofemoral pain group; QT ¼ quadriceps tendon; MP ¼ medial patella;
LP ¼ lateral patella; PT ¼ patellar tendon; UL ¼ upper limb; PFJ ¼ patellofemoral joint.
*statistical significance comparing CG vs PFPG before PFJ loading protocol or CG and PFPG after PFJ loading
protocol
†statistical significance comparing each group individually before vs after PFJ loading protocol.
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hyperalgesia. After completing a novel PFJ loading
protocol designed to aggravate symptoms, female
adults with PFP had a reduction in PPTs locally at the
knee, but had no change in PPTs on the contralateral
upper limb. This suggests that acute aggravation of
knee pain in female adults with PFP increases local but
not widespread hyperalgesia. Pain free controls showed
no change in PPTs after the loading protocol.

The reliability analysis (ICC, SEM and MDC95) used in
this study provides insight into the reliability of both
PPT and pain VAS measures. Previous studies have
reported high reliability values of PPTs measured using
an algometer [24,25,35]. Consistent with these find-
ings, PPT measures in this study presented high to
very high ICC values (0.72 to 0.93), small values of
SEM (3.14% to 17.4%) and MDC95 (0.50 to 1.55).
However, VAS measures seem to be even more reli-
able after the PFJ loading protocol, as there was a
53.2% reduction in the SEM after the protocol. In add-
ition, our findings reinforce the need of individuals with
PFP to perform a PFJ loading protocol before assess-
ments of PPTs. After such protocol, the between group
differences were higher than the respective MDCs, the
same did not occur before the PFJ loading protocol. In
other words, the PFJ loading protocol seems to be
able to reproduce symptoms in females with PFP, but
does not cause pain or hyperalgesia in asymptomatic
controls. This highlights the potential importance of
using such protocol to gain insight into possible
physiological or biomechanical differences in the pres-
ence of pain.

Reduced PPTs in female adults with PFP found in this
study are consistent with those reported by Rathleff
et al. [15] for female adolescents with PFP. There are no
previous studies published on adults with PFP to com-
pare our findings. However, consistent with our findings,

PPTs have been reported to be lower both local and re-
mote to the knee in individuals with knee osteoarthritis
[29,36,37]. This indicates potentially similar pain pro-
cessing impairments in these two common chronic
knee pain conditions.

As expected, the PFPG presented higher values for pain
VAS measures compared to CG participants, with an
average pain VAS of 1.03 6 1.92 in the PFPG. However,
24 of the 38 participants in the PFPG had no pain prior
to the PFJ loading protocol, reinforcing the assumption
that pain is an intermittent symptom in females with
PFP [2]. Following the PFJ loading protocol mean pain
VAS increased to 3.39 6 2.42 in the PFPG, and all par-
ticipants reported pain. In accordance with Crossley
and colleagues (2004), this mean difference is clinically
important, with changes greater than 2 cm are con-
sidered clinically important in individuals with PFP [38].
This highlights the potential importance of using the
loading protocol to gain insight into changes in self-re-
ported pain and central pain processing after an in-
crease in symptoms. According to Cohen [34], all
variables which presented significant group by appraisal
interaction had medium to large effects (from 0.097 to
0.410). This considerable effect size values demonstrate
the clinical importance of the between groups
differences.

The PFJ loading protocol used in this study resulted in
reductions in PPTs locally at the PFJ in the PFPG, sug-
gesting that symptom aggravation may generate a local
hyperalgesia responses (primary hyperalgesia), where
local receptors and nociceptive fibers (A delta and C)
are involved [12,39]. Interestingly, PPTs were not signifi-
cantly reduced remote to the knee (i.e., in the upper
limb) in either group as a result of the PFJ loading
protocol, indicating symptom aggravation does not
acutely increase activity of the dorsal horn neuron,
which is thought to be responsible for widespread
hyperalgesia or central sensitization [12,39]. However,
lower PPTs remote to the knee in the PFPG compared
to the CG at baseline highlight that alterations do occur
in the presence of chronic or persistent pain. Further re-
search is needed to determine the frequency and sever-
ity of pain aggravation, which may lead to signs of
widespread hyperalgesia in individuals with PFP.

The key consideration moving forward is whether PPTs
can be increased following successful rehabilitation. A
recent study [40], pointed to increased local PPT meas-
ures and trends towards increases at tibialis anterior
muscle in adolescents with PFP, who deemed them-
selves recovered after 3 months of treatment. It is well
established the presence of local and widespread
hyperalgesia in patients with knee osteoarthritis. As
knee osteoarthritis has been speculatively considered a
progression of PFP [6,7], findings from this population
may provide valuable insight into the management of
PFP. Specifically, upper body exercise completed by
patients with knee osteoarthritis resulted in an increase
in PPTs at upper limb and knee [41]. Moreover, after 12

Figure 3 †-statistical significance comparing PFPG be-
fore vs after PFJ loading protocol. There is no CG value
because in both conditions they reported no pain on
visual analogue scale.
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weeks of supervised exercise therapy, patients with
knee osteoarthritis have shown a reduction on local and
widespread hyperalgesia [42], indicating a similar ap-
proach could be beneficial in PFP.

Study Limitations and Future Directions

We evaluated females in the age group most affected
by PFP, limiting extrapolation of findings to males with
PFP, or older patients with PFP. Other limitations of this
study were that the assessor who collected PPT meas-
ures was not blinded to group (PFP vs. control), which
may bias our findings and we did not evaluate cultural
background of the participants nor comorbid conditions
which could affect results, as presented in a previous
study [43]. The widespread hyperalgesia found in fe-
males with PFP in this study suggests an impaired con-
ditioned pain modulation and changes in central pain
processing. Further research is now needed to evaluate
how this widespread hyperalgesia might contribute to
ongoing pain in PFP, and how best to treat it.

Clinical Implications

The presence of widespread hyperalgesia in patients
with PFP may have important implications to exercise
prescription aimed at improving symptom management.
Importantly, addressing these deficits may require in-
novative and non-mechanical approaches to treatment.
A number of considerations have been previously rec-
ommended to address hyperalgesia associated with
chronic musculoskeletal pain [17,44]. These include a
conservative approach when prescribing initial exercise
loads; cautious progression of load to prevent symptom
flaring, including exercises that targeted towards non-
painful areas of the body (e.g., upper limbs); and only
allowing small increases in pain during and shortly fol-
lowing exercise, but avoiding increased pain intensity
over time [17,44]. Further research is now needed to
determine the effectiveness of these and other
approaches aimed at addressing the presence of wide-
spread hyperalgesia in individuals with PFP.

Conclusion

Lower PPTs in both the knee and contra-lateral upper
limb in female adults with PFP suggest local and wide-
spread hyperalgesia. Importantly, addressing these def-
icits may require innovative and non-mechanical
approaches to treatment. The patellofemoral joint load-
ing protocol decreased PPTs locally but not remote to
the knee in patients with PFP. This finding indicates that
symptom aggravation may not acutely affect central
pain processing.

References
1 Witvrouw E, Callaghan MJ, Stefanik JJ, et al.

Patellofemoral pain: Consensus statement from the

3rd International Patellofemoral Pain Research
Retreat held in Vancouver, September 2013. Br J
Sports Med 2014;48:411–4.

2 Grenholm A, Stensdotter A-K, H€ager-Ross C.
Kinematic analyses during stair descent in young
women with patellofemoral pain. Clin Biomech
2009;24:88–94.

3 Ferber R, Bolgla L, Earl-Boehm JE, et al. Strengthening
of the hip and core versus knee muscles for the treat-
ment of patellofemoral pain: A multicenter randomized
controlled trial. J Athl Train 2015;50:366–77.

4 Roush JR, Bay RC. Prevalence of anterior knee pain
in 18-35 year-old females. Int J Sports Phys Ther
2012;7:396–401.

5 Boling M, Padua D, Marshall S, et al. Gender differ-
ences in the incidence and prevalence of patellofe-
moral pain syndrome. Scand J Med Sci Sports
2010;20:725–30.

6 Crossley KM. Is patellofemoral osteoarthritis a common
sequela of patellofemoral pain? Br J Sports Med 2014;
48:409–10. doi:10.1136/bjsports-2014-093445.

7 Utting MR, Davies G, Newman JH. Is anterior knee
pain a predisposing factor to patellofemoral osteo-
arthritis? Knee 2005;12:362–5. doi:10.1016/
j.knee.2004.12.006

8 De Oliveira Silva D, Briani RV, Pazzinatto MF, et al.
Reliability and differentiation capability of dynamic
and static kinematic measurements of rearfoot
eversion in patellofemoral pain. Clin Biomech 2015;
30:144–8. doi:10.1016/j.clinbiomech.2014.12.009.

9 De Oliveira Silva D, Briani RV, Pazzinatto MF, et al.
Reduced knee flexion is a possible cause of
increased loading rates in individuals with patellofe-
moral pain. Clin Biomech 2015;30:971–5.
doi:10.1016/j.clinbiomech.2015.06.021.

10 Lankhorst NE, Bierma-Zeinstra SMa, van Middelkoop
M. Factors associated with patellofemoral pain
syndrome: A systematic review. Br J Sports Med
2013;47:193–206. doi:10.1136/bjsports-2011-090369.

11 Powers CM, Bolgla La, Callaghan MJ, et al.
Patellofemoral pain: Proximal, distal, and local fac-
tors, 2nd International Research Retreat. J Orthop
Sports Phys Ther 2012;42:A1–54. doi:10.2519/
jospt.2012.0301.

12 Nijs J, Torres-cueco R, Wilgen CPV, et al. Applying
modern pain neuroscience in clinical practice:
Criteria for the classification of central sensitization
pain. Pain Physician 2014;17:447–57.

Widespread Hyperalgesia in Patellofemoral Pain

1959

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article-abstract/17/10/1953/2270347 by U
niversidade Estadual Paulista Jï¿½

lio de M
esquita Filho user on 31 M

ay 2019



13 van Wilgen CP, Keizer D. Neuropathic pain mechan-
isms in patients with chronic sports injuries: A diagnos-
tic model useful in sports medicine? Pain Med 2011;
12:110–7. doi:10.1111/j.1526-4637.2010.01023.x.

14 Merskey H, Bogduk N. Classification of Chronic
Pain. Description of Chronic Pain Syndromes and
Definitions of Pain Terms, 2nd edition. Seattle, WA:
IASP Press; 1994. doi:10.1002/ana.20394.

15 Rathleff MS, Roos EM, Olesen JL, et al. Lower
mechanical pressure pain thresholds in female ado-
lescents with patellofemoral pain syndrome. J
Orthop Sports Phys Ther 2013;43:414–21.
doi:10.2519/jospt.2013.4383.

16 Duan G, Xiang G, Zhang X, et al. An improvement
of mechanical pain sensitivity measurement method:
The smaller sized probes may detect heterogeneous
sensory threshold in healthy male subjects. Pain
Med 2014;15:272–80.

17 Nijs J, Lluch Girbés E, Lundberg M, et al. Exercise
therapy for chronic musculoskeletal pain: Innovation
by altering pain memories. Man Ther 2015;20:
216–20. doi:10.1016/j.math.2014.07.004

18 Yarnitsky D, Crispel Y, Eisenberg E, et al. Prediction
of chronic post-operative pain: Pre-operative DNIC
testing identifies patients at risk. Pain 2008;138:
22–8. doi:10.1016/j.pain.2007.10.033.

19 Rakel B, Vance C, Zimmerman MB, et al. Mechanical
hyperalgesia and reduced quality of life occur in peo-
ple with mild knee osteoarthritis pain. Clin J Pain
2015;31:315–22. doi:10.1097/ajp.0000000000000116.

20 Salsich GB, Brechter JH, Powers CM. Lower extrem-
ity kinetics during stair ambulation in patients with
and without patellofemoral pain. Clin Biomech 2001;
16:906–12. doi:10.1016/S0268-0033(01)00085-7.

21 De Oliveira SD, Briani RV, Pazzinatto MF, et al. Q-angle
static or dynamic measurements, which is the best
choice for patellofemoral pain? Clin Biomech 2015;30:
1083–7. doi:10.1016/j.clinbiomech.2015.09.002.

22 Brechter JH, Powers CM. Patellofemoral joint stress
during stair ascent and descent in persons with and
without patellofemoral pain. Gait Posture 2002;16:
115–23.

23 Wallace DA, Salem GJ, Salinas R, et al.
Patellofemoral joint kinetics while squatting with and
without an external load. J Orthop Sport Phys Ther
2002;32:141–8.

24 van Wilgen P, van der Noord R, Zwerver J. Feasibility
and reliability of pain pressure threshold measurements

in patellar tendinopathy. J Sci Med Sport 2011;14:
477–81. doi:10.1016/j.jsams.2011.05.004.

25 Walton DM, Macdermid JC, Nielson W, et al. Reliability,
standard error, and minimum detectable change of clin-
ical pressure pain threshold testing in people with and
without acute neck pain. J Orthop Sports Phys Ther
2011;41:644–50. doi:10.2519/jospt.2011.3666.

26 Briani RV, de Oliveira Silva D, Pazzinatto MF, et al.
Comparison of frequency and time domain electro-
myography parameters in women with patellofe-
moral pain. Clin Biomech 2015;30:302–7.
doi:10.1016/j.clinbiomech.2014.12.014.

27 Kregel J, van Wilgen CP, Zwerver J. Pain assess-
ment in patellar tendinopathy using pain pressure
threshold algometry: An observational study. Pain
Med 2013;14:1769–75. doi:10.1111/pme.12178.

28 Elson DW, Jones S, Caplan N, et al. The photo-
graphic knee pain map: Locating knee pain with an
instrument developed for diagnostic, communication
and research purposes. Knee 2011;18:417–23.
doi:10.1016/j.knee.2010.08.012.

29 Arendt-Nielsen L, Nie H, Laursen MB, et al.
Sensitization in patients with painful knee osteoarth-
ritis. Pain 2010;149:573–81. doi:10.1016/
j.pain.2010.04.003.
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