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Abstract 

Background  The patellofemoral joint (PFJ) stress as a primary mechanical stimulus in the patellofemoral pain (PFP) 
etiology is affected by plantar pressure symmetry. This study evaluated how pain exacerbation affects rear foot ever-
sion and plantar pressure distribution symmetry.

Method  Sixty women with PFP participated in this study. Pain intensity, rear foot eversion, and plantar pressure were 
evaluated in the two conditions with and without pain exacerbation during double-leg squats. The MANOVA test 
was used to compare pain intensity, rear foot eversion, and plantar pressure symmetry between the two conditions. 
The Pearson correlation was used to evaluate the relationship between the pain intensity with the rear foot eversion 
and the plantar pressure symmetry.

Results  The comparison between the two conditions showed a significant difference in pain intensity (P < 0.001, 
η2 = 0.623), rear foot eversion (P < 0.001, η2 = 0.485), plantar pressure distribution symmetry of the right-left foot 
(P < 0.001, η2 = 0.438), forefoot and rear-foot of the right foot (P < 0.001, η2 = 0.607), and forefoot and rear-foot of the left 
foot (P < 0.001, η2 = 0.548). An excellent correlation was observed between the pain intensity with rear foot eversion 
(P < 0.001, r = 0.835) and plantar pressure distribution symmetry of the right-left foot (P < 0.001, r = 0.812), forefoot 
and rear-foot of the right foot (P < 0.001, r = 0.834), and forefoot and rear-foot of the left foot (P < 0.001, r = 0.811).

Conclusions  After the pain exacerbation, the rear foot eversion was greater, and plantar pressure asymmetrical 
was observed, which can help in the development of PFP severity.
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Background
Patellofemoral pain (PFP) is defined as pain in the 
around or retro-patella region, which is exacerbated dur-
ing activities with patellofemoral joint (PFJ) loading [1, 
2]. The estimated prevalence of this clinical condition 
in women 18–35 years is 13%, and they are 2.23 times 
more susceptible to PFP than males [3]. Additionally, PFP 
accounts for 25% to 40% of knee-related medical visits [1, 
4]. Although the cause of PFP is still unknown; However, 
the PFJ stress is a primary mechanical stimulus to the 
PFP etiology [5, 6].
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The PFJ stress is affected by distal (foot) and proximal 
(hip) factors [7]. Rear foot eversion is an intrinsic risk 
factor for increased PFJ stress and subsequently PFP [8]. 
In this line of argument, the relationship between rear 
foot eversion and PFP is based on the coupling mecha-
nism of lower limb joints [8]. Specifically, greater rear 
foot eversion may increase internal rotation of the tibia 
and hip, which ultimately leads to decreased contact 
area and increased PFJ stresses [9]. In this regard, Bar-
ton et al. (2012) showed that in patients with PFP, greater 
rear foot eversion has correlated with increased internal 
rotation of the tibia and hip [10]. Following this, reported 
that there is a positive relationship between greater rear 
foot eversion and increased pressure in the mid foot 
region [11]. Thus, changes in the foot roll-over pattern 
can asymmetric the plantar pressure in the mid-foot and 
forefoot regions [12].

The plantar pressure distribution is a kinetic variable 
that indirectly evaluates the interaction of the kinetic 
chain of the foot and the lower limb [13–15]. The plan-
tar pressure distribution technology shows the rate and 
position of ground reaction forces in plantar regions and 
provides a scientific basis for PFP rehabilitation [9, 13]. 
Overall, high forces are transferred to the knee and the 
PFJ through the foot and kinetic chain [7]. Therefore, 
plantar pressure asymmetric can cause transfer harm-
ful forces to proximal joints such as the PFJ and ulti-
mately lead to PFP [16]. Rathleff et  al. [7] reported in a 
cross-sectional study that patients with PFP showed fore-
foot loading patterns during single-leg squats and verti-
cal drop jumps, which can be a risk factor for PFP [7]. 
In addition, Thijs et  al. (2015) in a prospective study of 
400 volunteers showed that subjects who developed PFP 
showed increased pressure in the forefoot region, espe-
cially the metatarsal, which could be useful in identifying 
people at risk of PFP [16]. Specifically, higher PFJ stress 
is a common assumption in PFP etiology. The PFJ stress 
is dependent on force dissipation and plantar loading 
that may be effective in PFP etiology. High pressure in 
the medially oriented loading pattern of the forefoot can 
increase the lateral forces on the patella and thus increase 
the compressive forces in the lateral part of the PFJ and 
increase the risk of PFP [17]. Interestingly, despite plantar 
pressure asymmetry being a risk factor for PFP, limited 
scientific evidence is available in this field [7]. Overall, 
human movement symmetry defined as the same func-
tion of lower limb on both sides. Meanwhile, plantar 
pressure asymmetries reflect an unequal loading in the 
different areas of the foot [18–20].

Importantly, previous studies evaluated biomechani-
cal differences between PFP patients and healthy con-
trol groups in pain-free and rest-time conditions [4, 
21]. Meanwhile, it is unclear whether these observed 

differences are the cause of pain or whether the pain is 
caused by compensatory mechanisms [21]. Clinically, 
assessing the plantar pressure distribution in the pain 
presence can be closer to real life conditions [17], because 
the plantar loading pattern has been evaluated in painful 
conditions. This finding highlight the potential impor-
tance of pain exacerbations during painful daily activi-
ties on the plantar pressure distribution in women with 
PFP and can provide a new insight into the foot move-
ment variability and plantar loading in the pain presence. 
In addition, this finding can provide a realistic insight 
to help design rehabilitation protocols that are based on 
modifying biomechanical changes in the pain presence 
[4, 17]. In this line, recent studies have shown that pain 
intensity has the potential to influence kinematic and 
kinetic variables [1, 4, 22, 23]. In other words, during 
biomechanical analyses and clinical evaluations, differ-
ent levels of pain in women with PFP can show distinct 
mechanical strategies [4]. Briani et al. (2017) reported the 
PFJ loading protocol is a suitable method for pain exac-
erbation in women with PFP [24]. In this regard, Briani 
et al. (2018) showed that pain intensity and vertical load-
ing rate increased in patients with PFP after PFJ loading 
[1]. Furthermore, Yalfani et al. (2024) reported that peak 
dynamic knee valgus during single-leg squat increased 
following PFP exacerbation [4].

To our knowledge, no study has evaluated the effect of 
pain exacerbation on rear foot eversion and plantar pres-
sure symmetry in patients with PFP. Now the question 
is, rear foot eversion and plantar pressure distribution 
symmetry can be affected by pain intensity? Therefore, 
the present study aimed to evaluate the influence of pain 
exacerbation on rear foot eversion and plantar pressure 
symmetry in women with PFP. We hypothesized that 
1) after pain exacerbation, rear foot eversion would be 
greater and 2) the plantar pressure distribution would be 
asymmetric. The results of this study can provide a real 
insight into the movement pattern and plantar pressure 
during the pain presence, which is closer to the reality of 
daily life.

Methods
Participants
We used the G*Power software to calculate the sample 
size. Using the reference of a related study that evalu-
ated the effect of PFJ loading on pain intensity, and ver-
tical loading rate, alpha level = 0.05, the statistical power 
of 80%, and an estimated correlation coefficient (r) = 0.50 
were set to calculate the power analysis [1]. The software 
findings showed that at least 26 subjects are required 
to participate in this study [1]. However, to increase 
the statistical power, we enrolled 60 women with PFP 
(age: 38.90 ± 3.33 years, height: 169.53 ± 4.6 cm, mass: 
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59.13 ± 3.9 kg, BMI: 20.66 ± 1.53 kg/m2, pain duration: 
11.52 ± 3.14 months, kujala score: 49.81 ± 8.70 points) 
who were visited in the orthopedic clinics of Hamedan 
city from January to April 2023. Of note, previous studies 
reported that women show a different movement pattern 
compared to men [4]. The different movement pattern 
in the women population includes increased Q-angle, 
increased dynamic knee valgus, increased hip internal 
rotation, hip adduction moment, and knee abduction 
moment, decreased knee flexion angle as well as greater 
ankle flexion/extension [17]. As a result, our statistical 
population included only women with PFP, because gen-
der is known to be a confounding factor [4].

The selection process of patients included two stages. 
First, a knee orthopedic clinician (> 15 years of experi-
ence) examined the patients with the step-down and 
Clark tests. Second, a physiotherapist (> 8 years of expe-
rience) screened the eligibility criteria to select eligible 
patients. Inclusion criteria included self-reported pain of 
3 out of 10 visual analog scale (VAS) in resting time, pain 
exacerbation during weight-bearing activities, normal 
static alignment of upper and lower limbs, the age range 
of 18–45, right foot dominant (determined by a kicking 
ball test), unilateral PFP symptomatic in the right knee 
(right knee as symptomatic limb), suffering from PFP for 
more than 6 weeks, and rear foot eversion ≥ 5 degrees 
[25] during double-leg squat. Exclusion criteria included 
a history of physical therapy up to 2 months before par-
ticipating in clinical trial, participation in championship 
and recreational sports, surgery history, upper and lower 
limbs malalignment, lower limb length discrepancy, his-
tory of balance problem, vestibular and vision disorders, 
patella instability, left foot dominant, unilateral PFP in the 
left knee (left knee as symptomatic limb), bilateral PFP 
symptomatic, and pain in other joints. It is worth noting, 
patients with flat feet were excluded. Ethical approval of 
the present study was obtained from the ethics commit-
tee of Bu-Ali Sina University (IR.BASU.REC.1402.012) 
and also adhered to the Declaration of Helsinki of 2008. 
In addition, before data collection, the patients were 
informed about the study design and signed the written 
informed consent.

PFJ loading protocol
To randomize the conditions and the day, a physiothera-
pist generated computer random numbers. In general, 
the evaluation process was carried out in four days. 
Following this, two days were determined for condi-
tion 1 (Saturday/Sunday) and two days were for condi-
tion 2 (Monday/Tuesday), in randomized order. After 
patients enter the laboratory and assess demographic 
characteristics randomization and blinding were con-
ducted by a physiotherapist who were not involved in 

data collection and were not aware of the study design. 
First, a physiotherapist generated random codes and put 
them inside sealed and opaque envelopes. Blocks 1 and 2 
were planned for the first and second days of condition 
1 and blocks 3 and 4 were planned for the first and sec-
ond days of condition 2 (Fig. 1). Another physiotherapist 
who was blind to the codes randomly selected the sealed 
envelopes and delivered them to the patients. As a result, 
either the conditions or the days were randomized. Con-
dition 1, patients were asked to indicate the pain inten-
sity at the moment (rest time) on VAS (ICC = 0.91) [26]. 
Then, the patients were asked to perform three overhead 
squats as double-leg for data collection. In condition 2, 
first the PFJ loading protocol was applied to PFP exac-
erbation [1]. This protocol consisted of a staircase with 
seven steps patients performed 15 repetitions of stair 
negotiation with an external load (35% of the subject’s 
body mass) that was carried by backpack [1]. Immedi-
ately, pain intensity was evaluated, and they performed 
three overhead squats as double-leg. Stair negotiation 
with an external overload increases PFJ stress and PFP 
exacerbation [4]. Of note, Briani et al. (2017) showed in 
an electromyography study that the PFJ loading protocol 
did not cause neuromuscular fatigue [24]. However, to 
be confident, we evaluated patients’ fatigue after the PFJ 
loading protocol using the Borg scale (ICC = 0.89) [27], 
because we did not have access to electromyography.

Apparatus
Motion analysis was recorded with a Sony Handycam 
digital camera (DCR-HC37) with a 40 Hz sampling rate 
and 10 optical zoom. In addition, a Zebris pressure plat-
form was used to record plantar pressure (ICC = 0.91) 
[28]. This platform measures 54 × 34 cm and has 2560 
active sensors with high sensitivity that record pressure 
in the range of 1–120 N/cm2 with a sampling frequency 
of 50 Hz.

Task and procedure
Rear foot eversion and plantar pressure distribution 
were evaluated during overhead squats as double-leg. 
The physiotherapist taught the patients that as double-
leg stands on the platform (barefoot), the foot shoulder-
width apart, toes straight forward, hands overhead with 
the elbows extended, and to prevent vestibular system 
disorder, the head in the position keeps neutral [29, 
30]. In addition, the hip and knee were in full exten-
sion and the trunk was upright. Patients were taught to 
perform a controlled squat at a minimum angle of 45◦ 
and a maximum of 60 ◦ of knee flexion [31, 32]. We set 
a flexion angle of 45 to 60 ◦ for data collection for sev-
eral reasons. Firstly, high PFJ stress occur between angles 
of 0 ◦ to 60 ◦ of knee flexion, and at 70° to 110° of knee 
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flexion patellofemoral joint stress is very little. Secondly, 
60 ◦ of knee flexion has been highlighted as a pertinent 
angle in PFP pathology and significance of this angle was 
underlined by functional motion analysis. Thirdly, and 
eventually, most of daily activities are performed in the 
knee flexion angle between 20◦ to 60 ◦. Of note, to con-
trol knee flexion, we used a flexible electro-goniometer 
(M180, Biometrics Ltd, Gwent, UK) (ICC = 0.85) [33] 
that was attached to the knee joint.

The physiotherapist taught the patients to perform 
three trial of squats at a standard speed at the 5 s. Using 
a counter, the first count was considered as the start of 
the squat, the third count was the lowest point of the 
squat, and the fifth count was as the return to the start-
ing position. Before starting the assessment, the patients 
were familiar with the test and practiced the trial 3 times. 
A 2-min rest was considered between each trial to mini-
mize fatigue. Finally, patients were instructed to per-
form squats with knee flexion angles between 45◦ and 
60◦, maintaining balance and ensuring that the heels 
remained in contact with the floor.

Data analysis
A digital camera was placed at a distance of 4 m from the 
behind of the patient [25]. A physiotherapist attached 
a marker on the insertion center of the Achilles tendon 
[25]. The rear foot eversion angle was calculated using 
Quinoa software version 33 (ICC = 0.99) [34] at the low-
est point of the squat. Quinoa is a valid and reliable soft-
ware method which measure in accurate way at distances 
up to 5 m from the subject with angle range of 45◦ – 90◦ 
[34]. The angle subtended between the lines that formed 
the insertion of the Achilles tendon to the vertical line 
was recorded as the rear foot eversion angle [25]. Of note, 
the images were coded for blinding. Finally, the average 
of three trials was used for statistical analysis.

Raw data of plantar pressure distribution was analyzed 
by Win FDM-S software (Zebris Medical GmbH, Isnyim 
Allgau, Germany) that reported the average percentage 
of pressure in the forefoot and rear foot region, as well 
as for the right and left foot. Of note, the patients were 
blinded to the computer monitor, which showed values 
in percentages and the color scale of force distribution 
(Fig. 2). We calculated the plantar pressure symmetry of 
the forefoot and rear foot using Eq. 1 and the right and 

Fig. 1  It shows the study process with details
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left foot using Eq. 2 [35]. Overall, the pressure distribu-
tion normal in the forefoot and rear foot region has been 
reported as 33% and 66%, respectively [35]. Furthermore, 
the pressure distribution normal under the right and left 
of the foot is 50% [35]. Specifically, a SI < 0.50 indicates a 
high pressure in the right foot, and SI > 0.50 indicates a 
high pressure in the left foot. In addition, a SI > 33 indi-
cate the high pressure in the forefoot and vice versa a 
SI < 33 indicate the high pressure in the rear-foot [36].

Statistical analysis
After assessment and verification of the normal distri-
bution of the data with the Shapiro–Wilk test. Consist-
ent with previous studies with the same aim [4, 17] the 
Pearson’s correlation was used to evaluate the relation-
ship between the pain intensity with the rear foot ever-
sion and the plantar pressure distribution symmetry. 
The score change (i.e. the final score) from condition 
1 to condition 2 (i.e. condition 1- condition 2 = score 
change) was used to calculate the correlation [1]. The 
positive and negative values indicate higher values in 
condition 1 and condition 2, respectively [1]. Finally, 
correlation was interpreted in four categories poor 
(r = 0.00—0.25), fair (r = 0.25—0.50), moderate to good 
(r = 0.50—0.75), or excellent (r = 0.75—1) [37].

(1)SI =
Forward Pressure

Forward Pressure + Backward Pressure

(2)SI =
Right Pressure

Right Pressure + Left Pressure

In addition, consistent with previous studies with 
the same goal the multivariate analysis of variance 
(MANOVA) test was used to compare the results 
between the two conditions [4, 17]. Moreover, descrip-
tive statistics including mean and standard deviation, 
percentage of changes, confidence interval and mean dif-
ference were reported for all variables. Using parietal eta 
squared (η2) data, the effect size was interpreted as small 
(d < 0.20), medium (d = 0.21–0.79), and large (d > 0.80) 
[38]. All statistical analyses were performed with SPSS 
version 26 software and the significance level was set at 
p < 0.05.

Results
Table  1 showed no significant difference in the demo-
graphic characteristics (age: 38.90 ± 3.33 years; height: 
169.53 ± 4.6 cm; mass: 59.13 ± 3.9 kg; BMI: 20.66 ± 1.53 
kg/m2; pain duration: 11.52 ± 3.14 months; kujala score: 
49.81 ± 8.70 points); So the data distribution is normal 
(p > 0.05). The comparison between the two conditions 
showed a significant difference in pain intensity (P < 0.001; 

Fig. 2  Display of foot pressure distribution in Win FDM-S software

Table 1  Baseline demographic characteristics data

Abbreviations: BMI Body Mass Index, p-values (P): based Shapiro–Wilk test, SD 
standard deviation

Variables Mean ± SD P-value

Age (years) 38.90 ± 3.33 0.166

Height (cm) 169.53 ± 4.6 0.330

Weight (kg) 59.13 ± 3.9 0.203

BMI (kg/m2) 20.66 ± 1.53 0.153

Pain duration (months) 11.52 ± 3.14 0.127

Kujala score (points) 49.81 ± 8.70 0.142
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η2 = 0.623; CI: 6.77, 7.32; mean ± SD = 7.05 ± 1.09; MD = 
+ 2.72), rear foot eversion (P < 0.001; η2 = 0.485; CI: 
10.98, 11.87; mean ± SD = 11.43 ± 1.96; MD = + 3.35), 
plantar pressure distribution symmetry of the right-
left foot (symptomatic and non-symptomatic limb 
respectively) (P < 0.001; η2 = 0.438; CI: 0.440, 0.455; 
mean ± SD = 0.447 ± 0.02; MD = + 0.044), forefoot and 
rear-foot of the right foot (symptomatic limb) (P < 0.001; 
η2 = 0.607; CI: 0.442, 0.454; mean ± SD = 0.447 ± 0.02; 
MD = + 0.055), and forefoot and rear-foot of the left 
foot (non-symptomatic limb) (P < 0.001; η2 = 0.548; CI: 
0.443, 0.455; mean ± SD = 0.448 ± 0.03; MD = + 0.052) 
(Table  2). Descriptively, the findings showed that after 
pain exacerbation, self-reported pain and rear foot ever-
sion increased. In addition, after the pain exacerbation, 
the plantar pressure distribution increased in the fore-
foot region of the right and left foot (symptomatic and 
non-symptomatic limb respectively). Also, the findings 
showed that after the pain exacerbation, the plantar pres-
sure in the left foot (non-symptomatic limb) was higher 
than in the right foot (symptomatic limb).

Pearson correlation showed an excellent correla-
tion between the pain intensity with rear foot eversion 
(P < 0.001; r = 0.835) and plantar pressure distribution 
symmetry of the right-left foot (symptomatic and non-
symptomatic limb respectively) (P < 0.001; r = 0.812), 
forefoot and rear-foot of the right foot (symptomatic 
limb) (P < 0.001; r = 0.834), and forefoot and rear-foot 
of the left foot (non-symptomatic limb) (P < 0.001; 
r = 0.811).

Discussion
The present study for the first time evaluated the effect 
of pain exacerbation on rear foot eversion and plan-
tar pressure symmetry in women with PFP. Our find-
ings showed that there was a correlation between pain 
intensity with rear foot eversion and plantar pressure 
distribution symmetry. Therefore, our hypothesis was 

supported. A pressure increase in the forefoot region 
can be due to a kinematics alteration in the trunk and 
lower limb. Unfortunately, due to the unavailability of 
Three-dimensional motion analysis, we did not evalu-
ate trunk kinematics and used the findings of previous 
studies with a similar purpose to argue. Overall, pain 
can lead to plantar pressure asymmetry which indicates 
changes in the musculoskeletal chain [14, 39].

The findings of the previous study showed that after 
the PFP exacerbation, the compensatory movement pat-
terns of the trunk and lower limb may be used to reduce 
the PFJ stress [22, 23]. In this regard, Briani et al. (2022) 
reported that trunk leaning forward can increase hip 
extensor moment and decrease knee extensor moment 
[22, 23]. Overall, the PFJ stress is dependent on the 
rate of quadriceps force and knee flexion angle [40]. 
As a result, patients try to reduce the PFJ stress and 
subsequently pain by reducing knee extensor moment 
[22, 23]. Meanwhile, Teng et al. (2020) reported that a 
17.8% decrease in PFJ loading was observed following 
a trunk flexion 10.10◦ [41]. Although the compensatory 
mechanism of trunk flexion can be beneficial to reduce 
the PFJ stress, it may change the relationship between 
the body’s center of mass and center of pressure and 
finally  shift forward  the ground reaction force vector 
[22, 42].

Of note, the center of pressure excursion has cor-
related with the plantar pressure distribution [35]. 
Therefore, with the anterior displacement of the center 
of pressure, a larger part of the body’s weight is trans-
ferred to the forefoot region, which leads to an higher 
plantar pressure in this area [43]. In this line, Thijs et al. 
(2015) reported that greater loading on the second and 
third metatarsals can transmit higher vertical forces to 
the knee joint, which is an important factor in identify-
ing individuals at risk of PFP [16]. Furthermore, Rath-
leff et  al. [7] reported that patients with PFP showed 
more medially oriented loading of the forefoot, which 

Table 2  The results of the MANOVA test compare pain, rear foot eversion, and plantar pressure which show there has been a 
significant difference after pain exacerbation in the interest variables. Descriptive statistics show the changes amount related to the 
pain, rear foot eversion, and plantar pressure during two conditions

Abbreviations: MD mean difference, SI symmetrical index, Δ percentage of changes, CI confidence interval, VAS visual analog scale, * Significant difference, N/ % 
newton/percentage, L large effect size (>0.80), M medium effect size (0.21-0.79), S small effect size (<0.20)

NOTE. + show an increase

Condition1 Condition 2 MANOVA results

Parameter Mean ± SD (95% CI) Mean ± SD (95% CI) MD Δ (%) F Eta squared P value

Pain (VAS) 4.33 ± 1.03 (4.06, 4.60) 7.05 ± 1.09 (6.77, 7.32)  + 2.72  + 62.81 194.705 0.623 (M) 0.001*

Rear-foot eversion (degree) 8.08 ± 1.47 (7.64, 8.52) 11.43 ± 1.96 (10.98, 11.87)  + 3.35  + 41.46 111.330 0.485 (M) 0.001*

SI right vs left (N/ %) 0.396 ± 0.02 (0.389, 0.404) 0.447 ± 0.02 (0.440, 0.455)  + 0.044  + 11.11 91.935 0.438 (M) 0.001*

SI forefoot vs rear-foot right (N/ %) 0.392 ± 0.01 (0.387, 0.398) 0.447 ± 0.02 (0.442, 0.454)  + 0.055  + 14.03 182.030 0.607 (M) 0.001*

SI forefoot vs rear-foot left (N/ %) 0.396 ± 0.01 (0.391, 0.402) 0.448 ± 0.03 (0.443, 0.455)  + 0.052  + 13.13 142.816 0.548 (M) 0.001*
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has the potential to transfer harmful forces to the exter-
nal area of the PFJ and develop PFP [7].

Interestingly, high pressure in the medial forefoot 
region indicates greater rear foot eversion which can be 
a risk factor for PFP [44]. Rear-foot eversion could lead 
to an excessive medial rotation of the tibia [12]. This 
rotation could induce a compensatory medial rotation 
of the femur and a lateralization of the patella in rela-
tion to the femur, increasing the PFJ stress [12]. Gener-
ally, changes in subtalar alignment during the stance 
can lead to changes in plantar pressure distribution. 
In this regard, Buldt et  al. (2018) reported that people 
with flat feet have high pressure in the forefoot region 
[45]. A systematic review found that foot pronation dis-
played higher pressure, force and contact area values in 
the medial arch, forefoot and hallux [46]. Reduced pres-
sure and force in the lateral forefoot for foot pronation 
can be explained by kinematic studies that reported that 
foot pronation displayed greater frontal and transverse 
plane motion of the rear-foot and mid-foot [46]. Such 
motion is associated with subtalar joint pronation, which 
can result in load being distributed away from the lateral 
and towards the medial forefoot [47]. Such a foot load-
ing pattern may alter forces acting on the PFJ and finally 
increase the risk of PFP [7, 12]. Clinically, one of the sus-
pected mechanisms of foot orthotics is that they decrease 
peak rear-foot eversion, which is associated with less 
medial loading of the foot and decreased loading at the 
knee [7]. This could potentially decrease lateral PFJ stress 
and thereby help treat PFP. Importantly, frontal plane 
motion of the rear-foot and transverse plane motion of 
the mid-foot and forefoot may be important clinical [46]. 
Consistent with the above studies, our results showed 
that after the pain exacerbation, the rear foot eversion 
and forefoot pressure distribution increased. Another 
reason for this finding may be partly due to the inhib-
iting of the quadriceps and gluteus medius muscles. 
The quadriceps eccentric contraction has an important 
role in shock absorption [48, 49]. Therefore, quadriceps 
avoidance increases loading rate and plantar pressure 
[23, 50]. In addition, Yalfani et al. (2024) argued that fol-
lowing the PFP exacerbation, the ability of the gluteus 
medius muscle to control adduction and internal rotation 
of the hip decreases, and subsequently, dynamic knee 
valgus and the Q angle increases [4]. Finally, the inward 
displacement of the lower limb leads to foot pronation, 
and the loading axis is oriented to the foot medial region 
[51]. Meanwhile, Elvan et al. (2019) showed that there is 
a positive correlation between increasing the Q angle and 
plantar pressure in the forefoot region [52]. Thus, these 
findings suggest a dynamic interaction between the knee 
and foot, contributing to PFP etiology.

On the other hand, the findings showed that the left 
foot (asymptomatic limb) has a higher loading than the 
right foot (symptoms limb). In general, psychological fac-
tors such as fear of movement have a strong correlation 
with pain and can change movement patterns in women 
with PFP. In this line, Yalfani & Ahmadi. (2023) reported 
that patients with PFP use the compensatory mechanism 
of loading/unloading to avoid pain and catastrophizing 
[40]. Also, Silva et  al. (2015) showed that patients with 
PFP cautiously performed loading on the symptomatic 
limb and transferred body weight to the asymptomatic 
limb to avoid pain catastrophizing [3]. However, the 
compensatory mechanism of unloading may over time 
increase the support and loading rate in the asympto-
matic limb, ultimately leading to overuse injury and knee 
osteoarthritis [40]. Specifically, response to pain has a 
protective aim and is mostly due to central sensitization 
secondary to persistent nociceptor activity that leads to 
kinesiophobia in the symptoms limb [28, 53]. Movement 
planning and movement control are influenced by atten-
tion, emotional, memory, cognitive information from 
the environment, and sensory and perceptual feedback 
[54]. This point indicate that PFP can bias attention and 
emotion toward pain processing, resulting in a more 
rapid onset of kinesiophobia [28]. Moreover, kinesio-
phobia have play a more important role in self-reported 
pain, function, and disability and have greater influence 
on movement impairments in women with PFP [55, 56]. 
Importantly, change behavior due to kinesiophobia in 
patients with PFP may change kinematics and lead to 
detrimental effects at the PFJ [55, 56]. Thus, psychologi-
cal features are also important to consider in the appro-
priate treatment of PFP [28]. In support, findings of 
previous studies showed correlations between concur-
rent improvements in catastrophizing and kinesiopho-
bia and improvements in pain and function [55, 56]. In 
addition, Yalfani & Ahmadi (2024) reported following 
the neuro-psychological intervention in patients with 
PFP, kinesiophobia decreased and the plantar pressure 
distribution symmetry improved [28]. Finally, emphasiz-
ing psychological factors to reduce kinesiophobia can be 
useful to restoring proper movement pattern, reducing 
pain, improve symptoms, and restoring plantar pressure 
symmetrical.

Limitations
The present study had limitations that must be acknowl-
edged. First, only female volunteers participated in this 
study. Therefore, since women show a different move-
ment pattern than men, these findings cannot be gen-
eralized to men with PFP. Second, due to instrument 
limitations, we were unable to assess muscle activity and 
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Three-dimensional motion analysis. Specifically, we use 
of a digital camera with a low sampling rate (40 Hz) may 
affect the precision of the kinematic analysis of rear-foot 
eversion. In this line, a higher sampling rate (e.g., 100 
Hz or above) would capture more accurate motion data. 
Third, since the current study was cross-sectional, it was 
not able to determine the cause-and-effect relationship. 
Fourth, we evaluated the effect of the pain exacerbation 
on rear foot eversion and plantar pressure distribution 
symmetry in the squat task. Thus, findings may not be 
generalizable to other challenging activities such as stair 
negotiations and landing. Fifth, we were unable to assess 
whether the observed changes were due to proximal or 
distal faulty mechanics. Therefore, future studies must 
evaluate the effect of pain exacerbation on rear foot ever-
sion and plantar pressure distribution symmetry in dif-
ferent tasks separately in men and women. In addition, 
it is recommended that future studies strengthen the 
present study findings by using electromyography and 
Three-dimensional motion analyses.

Clinical applications
According to the traditional view, hip and knee muscle 
weakness may development of PFP. Recently, it has been 
shown that the compensatory movement pattern can 
help in the development of PFP intensity [4, 41]. There-
fore, the findings of our study highlight the importance 
of adding the trunk modification program to traditional 
strengthening exercises [41, 57]. In addition, the use of 
anti-pronation orthosis and strengthening exercises for 
the intrinsic foot muscles, such as short foot exercises, 
can be effective in normalizing the plantar pressure and 
shock absorption, and prevent the transfer of harmful 
forces to the knee joint [35, 58, 59].

Conclusion
After the pain exacerbation, the rear foot eversion was 
greater, and plantar pressure asymmetrical was observed 
in the forefoot and left foot (asymptomatic limb), which 
can help in the development of PFP severity and knee 
osteoarthritis.

Abbreviations
PFP	� Patellofemoral pain
PFJ	� Patellofemoral joint
SI	� Symmetrical index
N	� Newton
BMI	� Body mass index
SD	� Standard deviation

Acknowledgements
We gratefully thank patients for volunteered participation in this study.

Authors’ contributions
FA initiated the study. MA and AA collected and analyzed the data. FA and 
MA wrote the manuscript under the supervision of AY. All authors read and 
approved the final manuscript.

Funding
The current study did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors.

Data availability
The datasets used and analyzed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee in biomedical research 
of Bu-Ali Sina University (Number: IR.BASU.REC.1402.012) and before data 
collection, the patients were informed about the study design and declared 
their informed consent to participate in this study. Moreover, the researchers 
adhered to the Declaration of Helsinki of 2008.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 August 2024   Accepted: 16 December 2024

References
	1.	 Briani RV, Pazzinatto MF, Waiteman MC, de Oliveira SD, de Azevedo FM. 

Association between increase in vertical ground reaction force loading 
rate and pain level in women with patellofemoral pain after a patel-
lofemoral joint loading protocol. Knee. 2018;25(3):398–405.

	2.	 Ahmadi M, Yalfani A, Gandomi F, Rashid K. The effect of twelve-week 
neurofeedback training on pain, proprioception, strength and postural 
balance in men with patellofemoral pain syndrome: A double-blind 
randomized control trial. J Rehabil Sci Res. 2020;7(2):66–74.

	3.	 De Oliveira SD, Briani R, Pazzinatto M, Ferrari D, Aragão F, De Azevedo F. 
Vertical ground reaction forces are associated with pain and self-reported 
functional status in recreational athletes with patellofemoral pain. J Appl 
Biomech. 2015;31(6):409–14.

	4.	 Yalfani A, Ahadi F, Ahmadi M, Asgarpoor A. Relationship between 
exacerbating patellofemoral pain and dynamic knee valgus in females 
with patellofemoral pain after a patellofemoral joint loading protocol: A 
cross-sectional. Phys Ther Sport. 2024;1(67):13–8.

	5.	 Atkins LT, Reid J, Zink D. The effects of increased forward trunk lean dur-
ing stair ascent on hip adduction and internal rotation in asymptomatic 
females. Gait Posture. 2022;1(97):147–51.

	6.	 Yalfani A, Ahmadi M, Asgarpoor A. The effect of kinetic factors of dynamic 
knee valgus on patellofemoral pain: A systematic review and meta-analy-
sis. J Bodyw Mov Ther. 2024;37:246–53.

	7.	 Rathleff MS, Richter C, Brushøj C, Bencke J, Bandholm T, Hölmich P, et al. 
Increased medial foot loading during drop jump in subjects with patel-
lofemoral pain. Knee Surg Sport Traumatol Arthrosc. 2014;22(10):2301–7.

	8.	 Neal BS, Griffiths IB, Dowling GJ, Murley GS, Munteanu SE, Franettovich 
Smith MM, et al. Foot posture as a risk factor for lower limb overuse injury: 
A systematic review and meta-analysis. J Foot Ankle Res. 2014;7(1):1–13.

	9.	 Willson JD, Ellis ED, Kernozek TW. Plantar loading characteristics during 
walking in females with and without patellofemoral pain. J Am Podiatr 
Med Assoc. 2015;105(1):1–7.

	10.	 Barton CJ, Levinger P, Crossley KM, Webster KE, Menz HB. The relationship 
between rearfoot, tibial and hip kinematics in individuals with patel-
lofemoral pain syndrome. Clin Biomech. 2012;27(7):702–5.



Page 9 of 10Yalfani et al. BMC Musculoskeletal Disorders           (2025) 26:15 	

	11.	 Luza LP, Luza M, Santos GM. Patellofemoral pain syndrome modifies the 
movement of the rearfoot, but it does not alter plantar pressure distribu-
tion. Rev Bras Ortop. 2020;55(4):419–25.

	12	 Aliberti S, Costa M de SX, de Campos Passaro A, Arnone AC, Hirata R, 
Sacco ICN. Influence of patellofemoral pain syndrome on plantar pres-
sure in the foot rollover process during gait. Clinics. 2011;66(3):367–72.

	13.	 Aliberti S, Costa MS, Passaro AC, Arnone AC, Sacco IC. Medial contact and 
smaller plantar loads characterize individuals with Patellofemoral Pain 
Syndrome during stair descent. Phys Ther Sport. 2010;11(1):30–4.

	14.	 de Haan A, Hijmans JM, van der Vegt AE, van der Laan HP, van Nes JG, 
Werker PM, Langendijk JA, Steenbakkers RJ. Effect of painful Ledderhose 
disease on dynamic plantar foot pressure distribution during walking: a 
case-control study. Foot. 2023;1(56):101990.

	15.	 Miura N, Nagai K, Tagomori K, Ikutomo H, Okamura K, Okuno T, Nakagawa 
N, Masuhara K. Plantar pressure distribution during standing in women 
with end-stage hip osteoarthritis. Gait Posture. 2020;1(76):39–43.

	16.	 Thijs Y, Van TD, Roosen P, De CD, Witvrouw E. A prospective study on 
gait-related intrinsic risk factors for patellofemoral pain. Clin J Sport Med. 
2007;17(6):437–45.

	17.	 Yalfani A, Ahadi F, Ahmadi M. Effects of pain exacerbation on postural 
control in women with patellofemoral pain during single leg squat: a 
cross-sectional study. J Orthop Surg Res. 2024;19(1):462.

	18.	 Rodrigues LM, Nuno SL, Granja T, Florindo ME, Gregório J, Atalaia T. Perfu-
sion, stance and plantar pressure asymmetries on the human foot in the 
absence of disease—a pilot study. Symmetry. 2022;14(3):441.

	19.	 Gawronska K, Lorkowski J. Evaluating the symmetry in plantar pressure 
distribution under the toes during standing in a postural pedobaro-
graphic examination. Symmetry. 2021;13(8):1476.

	20.	 Bosch K, Rosenbaum D. Gait symmetry improves in childhood-A 4-year 
follow-up of foot loading data. Gait Posture. 2010;32(4):464–8.

	21.	 Pazzinatto MF, de Oliveira SD, Barton C, Rathleff MS, Briani RV, de Azevedo 
FM. Female adults with patellofemoral pain are characterized by wide-
spread hyperalgesia, which is not affected immediately by patellofemoral 
joint loading. Pain Med (United States). 2016;17(10):1953–61.

	22.	 Briani RV, Cannon J, Ducatti MH, Del Priore LB, Botta AF, Magalhães 
FH, Azevedo FM. Exacerbating patellofemoral pain alters trunk and 
lower limb coordination patterns and hip-knee mechanics. J Biomech. 
2022;1(141):111215.

	23	 Briani RV, Cannon J, Waiteman MC, de FariaNegrãoFilho R, Magalhães FH, 
de Azevedo FM. Influence of the exacerbation of patellofemoral pain on 
trunk kinematics and lower limb mechanics during stair negotiation. Gait 
& Posture. 2021;83:83–7.

	24.	 Briani RV, Pazzinatto MF, Silva DD, Azevedo FM. Different pain responses 
to distinct levels of physical activity in women with patellofemoral pain. 
Braz J Phys Ther. 2017;21(2):138–43.

	25.	 Kagaya Y, Fujii Y, Nishizono H. Association between hip abductor function, 
rear-foot dynamic alignment, and dynamic knee valgus during single-leg 
squats and drop landings. J Sport Heal Sci. 2015;4(2):182–7.

	26.	 Chaharmahali L, Gandomi F, Yalfani A, Fazaeli A. The effect of self-reported 
knee instability on plantar pressure and postural sways in women with 
knee osteoarthritis. J Orthop Surg Res. 2021;16(1):1–10.

	27.	 Shariat A, Cleland JA, Danaee M, Alizadeh R, Sangelaji B, Kargarfard M, 
et al. Borg CR-10 scale as a new approach to monitoring office exercise 
training. Work. 2018;60(4):549–54.

	28.	 Yalfani A, Ahmadi M. Effect of neurofeedback training on psychological 
features and plantar pressure distribution symmetry in patients with 
patellofemoral pain: A ransdomized controlled trial. J Bodyw Mov Ther. 
2024;1(40):141–7.

	29.	 Mauntel TC, Post EG, Padua DA, Bell DR. Sex differences during an over-
head squat assessment. J Appl Biomech. 2015;31(4):244–9.

	30.	 Post EG, Olson M, Trigsted S, Hetzel S, Bell DR. The reliability and discrimi-
native ability of the overhead squat test for observational screening of 
medial knee displacement. J Sport Rehabil. 2017;26(1):1–4.

	31.	 Herrington L. Knee valgus angle during single leg squat and landing in 
patellofemoral pain patients and controls. Knee. 2014;21(2):514–7.

	32.	 Salem GJ, Powers CM. Patellofemoral joint kinetics during squatting in 
collegiate women athletes. Clin Biomech. 2001;16(5):424–30.

	33.	 van der Linden ML, Rowe PJ, Nutton RW. Between-day repeatability of 
knee kinematics during functional tasks recorded using flexible electro-
goniometry. Gait Posture. 2008;28(2):292–6.

	34.	 Dawood RS, Abdelraouf OR, Mehmed S, Moubarak EE, Elborady AA. 
Assessment of core endurance and shoulder proprioception in dental 
students with and without forward head posture. Bull Facult Phys Ther. 
2023;28(1):19.

	35.	 Yalfani A, Ahmadi AH, Ahmadi M, Asgarpoor A. Effect of foot orthoses on 
plantar pressure symmetry in taekwondo athletes with flexible flatfoot: 
A randomized controlled trial. Sports Orthopaedics and Traumatology. 
2024;40(1):50–7.

	36.	 Yalfani A, Ahmadi MGF. The effect of twelve weeks of sensorimotor exer-
cises on distribution plantar pressure variables and symmetry index in 
patients with patellofemoral pain syndrome: a randomized double-blind 
clinical trial. Stud Med Sci. 2020;31(6):445–58.

	37.	 Nunes GS, Barton CJ, Serrao FV. Females with patellofemoral pain have 
impaired impact absorption during a single-legged drop vertical jump. 
Gait Posture. 2019;1(68):346–51.

	38.	 Cohen J. Statistical power analysis for the behavioral sciences. 1988.
	39.	 Hmida J, Tomschi F, Strauss AC, Hilberg T. Relationship between foot pres-

sure and spinal parameters in healthy adults–A systematic review. Gait 
Posture. 2023;1(103):126–32.

	40.	 Yalfani AAM. Patients with patellofemoral pain exhibiting decrease verti-
cal ground reaction force compared to healthy individuals during weight 
bearing tasks: a systematic reviews and meta-analysis. Iran J Public 
Health. 2023;52(2):254–64.

	41.	 Teng HL, Dilauro A, Weeks C, Odell C, Kincaid H, VanDine B, Wu WF. Short-
term effects of a trunk modification program on patellofemoral joint 
stress in asymptomatic runners. Phys Ther Sport. 2020;1(44):107–13.

	42.	 Warrener A, Tamai R, Lieberman DE. The effect of trunk flexion angle on 
lower limb mechanics during running. Hum Mov Sci. 2021;1(78):102817.

	43.	 Pau M, Mandaresu S, Leban B, Nussbaum MA. Short-term effects of 
backpack carriage on plantar pressure and gait in schoolchildren. J Elec-
tromyogr Kinesiol. 2015;25(2):406–12.

	44.	 Anbarian M, Esmaeili H. Effects of running-induced fatigue on plantar 
pressure distribution in novice runners with different foot types. Gait 
Posture. 2016;1(48):52–6.

	45.	 Buldt AK, Allan JJ, Landorf KB, Menz HB. The relationship between foot 
posture and plantar pressure during walking in adults: a systematic 
review. Gait Posture. 2018;1(62):56–67.

	46.	 Buldt AK, Murley GS, Butterworth P, Levinger P, Menz HB, Landorf KB. The 
relationship between foot posture and lower limb kinematics during 
walking: A systematic review. Gait Posture. 2013;38(3):363–72.

	47.	 Buldt AK, Forghany S, Landorf KB, Levinger P, Murley GS, Menz HB. Foot 
posture is associated with plantar pressure during gait: A comparison of 
normal, planus and cavus feet. Gait Posture. 2018;1(62):235–40.

	48.	 de Oliveira SD, Briani RV, Pazzinatto MF, Ferrari D, Aragão FA, de Azevedo 
FM. Reduced knee flexion is a possible cause of increased loading rates in 
individuals with patellofemoral pain. Clin Biomech. 2015;30(9):971–5.

	49.	 Powers CM, Heino JG, Rao S, Perry J. The influence of patellofemoral pain 
on lower limb loading during gait. Clin Biomech. 1999;14(10):722–8.

	50.	 Chow TH, Chen YS, Hsu CC. Relationships between plantar pressure dis-
tribution and rearfoot alignment in the Taiwanese college athletes with 
plantar fasciopathy during static standing and walking. Int J Environ Res 
Public Health. 2021;18(24):12942.

	51.	 Jafarnezhadgero AA, Fatollahi A, Amirzadeh N, Siahkouhian M, Granacher 
U. Ground reaction forces and muscle activity while walking on sand 
versus stable ground in individuals with pronated feet compared with 
healthy controls. PLoS ONE. 2019;14(9):1–15.

	52.	 Elvan A, Simsek IE, Cakiroglu MA, Angin S. Association of quadriceps 
angle with plantar pressure distribution, navicular height and calcaneo-
tibial angle. Acta Orthop Traumatol Turc. 2019;53(2):145–9.

	53.	 Slutsky-Ganesh AB, Diekfuss JA, Grooms DR, Simon JE, Anand M, Lamplot 
JD, et al. A preliminary investigation of the effects of patellar displace-
ment on brain activation and perceived pain in young females with 
patellofemoral pain. J Sci Med Sport. 2022;25(5):385–90.

	54.	 Bismuth J, Vialatte F, Lefaucheur JP. Relieving peripheral neuropathic pain 
by increasing the power-ratio of low-β over high-β activities in the cen-
tral cortical region with EEG-based neurofeedback: Study protocol for a 
controlled pilot trial (SMRPain study). Neurophysiol Clin. 2020;50(1):5–20.

	55.	 de Oliveira SD, Barton CJ, Briani RV, Taborda B, Ferreira AS, Pazzinatto 
MF, de Azevedo FM. Kinesiophobia, but not strength is associated with 
altered movement in women with patellofemoral pain. Gait Posture. 
2019;1(68):1–5.



Page 10 of 10Yalfani et al. BMC Musculoskeletal Disorders           (2025) 26:15 

	56.	 De Oliveira SD, Willy RW, Barton CJ, Christensen K, Pazzinatto MF, Azevedo 
FM. Pain and disability in women with patellofemoral pain relate to 
kinesiophobia, but not to patellofemoral joint loading variables. Scand J 
Med Sci Sports. 2020;30(11):2215–21.

	57.	 Sheikhi B, Rabiei P, Letafatkar A, Rossettini G. Is adding education to 
trunk and hip exercises beneficial for patellofemoral pain? A randomized 
controlled trial. Arch Phys Med Rehabil. 2024;105(2):217–26.

	58.	 Pabón-Carrasco M, Castro-Méndez A, Vilar-Palomo S, Jiménez-Cebrián 
AM, García-Paya I, Palomo-Toucedo IC. Randomized clinical trial: The 
effect of exercise of the intrinsic muscle on foot pronation. Int J Environ 
Res Public Health. 2020;17(13):1–11.

	59.	 Yalfani A, Ahmadi M, Asgarpoor A, Ahmadi AH. Effect of foot orthoses 
on dynamic balance in taekwondo athletes with flexible flatfoot: A rand-
omized controlled trial. Foot. 2023;1(56):102042.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The influence of pain exacerbation on rear foot eversion and plantar pressure symmetry in women with patellofemoral pain: a cross sectional study
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Background
	Methods
	Participants
	PFJ loading protocol
	Apparatus
	Task and procedure
	Data analysis
	Statistical analysis

	Results
	Discussion
	Limitations
	Clinical applications

	Conclusion
	Acknowledgements
	References


