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Abstract

Purpose/Hypothesis: Persons with patellofemoral pain (PFP) often exhibit increased knee

valgus during functional tasks that is traditionally addressed by strengthening weak hip

musculature. However, research related to this topic has revealed altered cortical reorganization

in individuals with PFP contributes to dysfunctional movements and underscores the critical role

of central neural control in this condition. Transcranial direct current stimulation (tDCS) is a

neuromodulatory technique that alters cortical excitability to enhance neuroplasticity. Research

using tDCS priming supports its feasibility as a possible treatment for other musculoskeletal

conditions. However, its application specifically targeting the corticomotor function of the gluteal

musculature in individuals with PFP has not been investigated. The purpose of this study was to

investigate the acute effects of tDCS plus exercise to affect frontal plane kinematics during

functional tasks in persons with PFP. We hypothesized that with tDCS priming, exercise would

be more effective at improving frontal plane kinematics when compared to sham stimulation

paired with exercise in persons with PFP.

Participants: Ten persons with unilateral or bilateral PFP. If bilateral PFP was the presentation,

the involved limb was determined as being the more symptomatic side for a longer period of

time. (6M/4F, age=28.2±6.88 yrs, BMI=26.83± 6.67).

Materials and Methods: Participants attended 2 sessions in which tDCS or sham stimulation

was delivered using a bihemispheric montage with the anode over the primary motor cortex

contralateral to the affected limb. During these conditions, participants performed four different

hip strengthening exercises. Before and after each session, participants performed 5 functional

tasks (single leg squat, single leg landing, single leg hop, forward step down, and lateral step

down) on the symptomatic leg recorded in a frontal plane view. Pain on a visual analog scale

(VAS) was also recorded. Kinematics were measured for each task, including trunk lean angle

(TLA), hip and knee frontal plane projection angles (FPPA), and dynamic valgus index (DVI) at
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peak knee flexion. A one-way ANOVA with repeated measures and post-hoc pairwise

comparisons was employed to compare the kinematics, while a Friedman test was used to

compare VAS across the 3 conditions (pre-intervention, post-tDCS, and post-Sham).

Results: No significant difference in TLA, hip FPPA, knee FPPA, or DVI was found among the 3

conditions during single leg squat, single leg hop, forward step down, and lateral step down

(p>0.05). While knee FPPA was significantly lower post-Sham compared to pre-intervention

during single leg landing (pre-intervention=7.73°±5.95°; post-Sham=3.70°±6.18°; p=.018), this

change was less than calculated standard error of measurement. VAS scores were not different

among the 3 conditions (p=.147).

Conclusions: A single session of tDCS with exercise was ineffective at improving frontal plane

kinematics and reducing pain while performing functional tasks in persons with PFP when

compared to exercise alone.

Clinical Relevance: Additional studies are needed to provide a more comprehensive

understanding of the potential outcomes associated with tDCS in persons with PFP.

KEYWORDS: patellofemoral pain, transcranial direct current stimulation, dynamic valgus index
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1. Introduction

Patellofemoral Pain (PFP) is a common musculoskeletal condition that presents as

chronic peri- and/or retro-patellar pain.1 This condition becomes more aggravated by

compression of the patellofemoral joint while in a flexed knee position, especially during daily

activities such as walking, squatting, kneeling, jogging, or stair climbing.2 PFP is reported to

affect the general population annually at a rate of 22.7%.3 Most commonly affected groups are

those with high activity levels such as adolescents, young active adults, elite athletes, and

military personnel.4 PFP is differentially distributed across sexes, with reports of females being

2.23 times more likely than males to develop the condition.4

A common movement deficit correlated with PFP is knee valgus during weight-bearing

activities due to a combination of excessive hip adduction, internal rotation, and knee abduction

which results in lateral patellar translation. Increased ipsilateral trunk lean during functional

tasks has also been found in this population, shifting the ground reaction force laterally and

increasing the weight bearing load to the medial knee.5,6 Patellar maltracking is influenced by

several factors including: thicker and tighter iliotibial bands, weakness of the quadriceps, and

decreased strength in hip abductors, external rotators, and extensors. The traditional approach

to addressing aberrant movements in persons with PFP is to strengthen targeted muscles that

control those movements, most commonly weak hip musculature.7 This has been shown to

reduce pain in the short term, but has been found ineffective in providing long-term relief. 7

However, recent systematic reviews suggest that hip weakness may be a result of PFP, and not

a cause of it.8-10 Therefore, hip strengthening regimens may only be addressing a pain-induced

strength deficit, and not the root of the problem.11 As a result, it has been suggested that

kinematic errors from altered excitability/function of the gluteal musculature can lead to

prolonged joint overloading and pain in persons with PFP.12,13

Recent literature highlights the significant role of descending central control in providing

the body with efficient functionality, and shows how an altered motor cortical structure and
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reduced excitability contribute to the dysfunctional movement patterns that are associated with

PFP.14 Persistently affected PFP limbs have shown contralateral hemispheric changes in

corticomotor organization of the quadriceps and gluteus maximus muscles when compared to

asymptomatic controls when mapped using transcranial magnetic stimulation (TMS).15-17 Among

the altered primary motor cortex organizational findings were increased overlap, reduced peak

volume, and an anteriorly shifted motor representation.15 Furthermore, at the level of the spinal

cord, reduced vastus medialis reflex excitability was observed in women with patellofemoral

pain compared with asymptomatic individuals. This indicated impaired transmission efficacy

between vastus medialis motor neurons and Ia afferent inputs. The reduced excitability was also

associated with higher pain levels.18-20 By that notion, increasing neuronal excitability may

possibly be an avenue for pain reduction interventions.

Transcranial Direct Current Stimulation (tDCS) is a neuromodulatory technique that has

been shown to alter cortical excitability. This is achieved by non-invasively delivering a weak

direct current via electrodes placed over the scalp to modulate cortical excitability21 by altering

neuronal firing rates.22,23 This modality has the capability to increase and/or decrease cortical

excitability in a process known as neurological priming and can be paired with other

interventions, such as exercise, in an effort to enhance neuroplasticity.21,24 Recent research

using tDCS priming supports its feasibility as a possible treatment for chronic pain, deficits

post-stroke, gait deviations, and other musculoskeletal conditions to address dysfunctional

movement patterns, highlighting the importance of continued research in this area of

rehabilitation.7,21-23,25,26 While tDCS has been previously utilized as an intervention to increase

muscular strength and reduce pain in persons with PFP, 26 targeting the corticomotor function of

the gluteal musculature with tDCS has not been examined in persons with PFP to our

knowledge.

When evoked by TMS, increased corticomotor potentials of quadriceps muscles in

individuals with PFP have been found compared to asymptomatic individuals by using
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electromyography.27 Reorganization of cortical structures, along with diminished motor cortex

excitability, has been suggested to contribute to dysfunctional movement patterns that are

associated with PFP.14,15 The use of tDCS can be paired with traditional exercise to modulate

these changes and increase neuroplasticity. However, there is a lack of understanding about

corticomotor modulation to the contralateral hemisphere of the gluteal musculature as an

intervention for PFP. Therefore, the purpose of this study was to investigate whether modulation

of cortical excitability of the gluteal musculature via tDCS paired with exercise will improve

frontal plane kinematics of the lower extremity and trunk during functional tasks in individuals

with PFP. We hypothesized that tDCS targeting the corticomotor area of the gluteal musculature

paired with exercise will be more effective at improving frontal plane kinematics of the lower

extremity and trunk in individuals with PFP when compared to exercise alone via sham

stimulation.
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2. Methods

2.1 Recruitment & Participants

We recruited 10 individuals with PFP, defined as peri- and/or retro patellar pain of at least 3

months duration.15,28 With a Type I error of 0.05, power of 95%, and calculated effect size of

0.82,29 this sample size was determined to be sufficient for detecting a reduction in knee valgus

following an acute intervention protocol.

Participants were recruited by advertisement flyers and via email in the Las Vegas area

between 2022 and 2023. Inclusion criteria consisted of knee valgus presentation (assessed

using a forward step-down test),30-33 predominantly unilateral PFP for at least 3 months, and

aged between 18-45 years old. Our study primarily targeted individuals with unilateral PFP.

However, we also included participants who reported PFP on both limbs but consistently

reported one limb that experienced greater chronicity and pain. This choice was driven by our

tDCS protocol, which aimed to enhance the cortical representation of the gluteal muscles on the

affected limb while simultaneously inhibiting the contralateral limb. Exclusion criteria were a

history of any major musculoskeletal injury or knee surgery.33 For safety concerning utilization of

tDCS, additional exclusion criteria included: history of balance disorder, seizures, prescription of

seizure medication, pregnancy, potential pregnancy, and/or metallic implants.34

2.2 Procedure

2.2.1 Screening

This was a double-blinded, sham-control crossover study performed in the Rod Lee Bigelow

Health Sciences building on the campus of the University of Nevada, Las Vegas (UNLV). Prior

to initiating any screening protocol, an informed consent was gathered from each potential

participant. All potential participants were then screened through physical examination to rule

out concomitant sources of pain. This process included palpation of the soft tissues around the

patellofemoral joint and a patellar compression test to identify the location of pain. The patellar
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compression test involved applying pressure to the patella when the participant straightened

their knee. Participants were excluded if the knee pain did not originate from their patellofemoral

joint. Participants then performed the following tasks: single leg squat, single leg landing, single

leg hop, forward step down, and lateral step down (Figure 3; Appendix C). Participants were

excluded if knee valgus was not observed during the functional movement screen. If participants

presented with pain from the patella and knee valgus during step down, they were given the

opportunity to experience tDCS and decide if they would still like to participate. If they qualified

and chose to move forward with enrollment into the study, they then filled out 4 paper forms that

included information about their activity level (Global Physical Activity Questionnaire35; GPAQ),

pain level of the knee (Anterior Knee Pain Scale36; AKP), medical history (Medical History

Questionnaire; MHQ), and safety to receive tDCS (TMS / tDCS Screening Questionnaire). The

MHQ and TMS / tDCS Screening Questionnaire are both standard forms created by the UNLV

Department of Physical Therapy and were approved by the Institutional Review Board at UNLV,

who also approved the study protocol outlined below. Each enrolled participant's mass and

height was recorded.

2.2.2 tDCS/Sham Setup

Each participant attended two separate sessions of stimulation (tDCS and Sham) held two

weeks apart in a randomized order. To pseudo-randomize conditions, a coin was flipped to

determine the type of stimulation that the first participant received during their first session.

From that point on, each participant received the opposite type of stimulation to that of the

previous participant in their first session. Thus, five participants were initially assigned to receive

tDCS as their first sessions, while the other five participants were initially assigned to receive the

Sham intervention as their first sessions. During their second session, each participant was

given the opposite stimulation of what they were given during their first session.34 Participants

were blinded from which stimulation (tDCS or Sham) was given at each session. The same

researcher applied the stimulation for each session to all participants within the study. It was not
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possible for this person to be blinded as application of each stimulation (tDCS or Sham)

required entry of a code on the neuroConn DC-Stimulator (neuroCare, Germany) to the

corresponding stimulation to be applied. All other researchers were blinded to the stimulation

being received at each session. A bihemispheric montage was used in administering the

stimulation, as it has been reported to prompt greater behavioral improvements than

conventional unihemispheric montage.37 tDCS was applied with the anode positioned over the

primary motor cortex contralateral to the affected limb and the cathode was positioned above

the ipsilateral cortex (Figure 1; Appendix A). Application started with a 30 second ramp up

period using a 2-mA current, stimulation for 19 minutes, and ended with a 30 second ramp

down. For the Sham stimulation, the current was ramped up for 30 seconds and then shut off for

the remaining time.34,37 During the stimulation period, participants performed 3 sets and 12

repetitions of the following exercises: clamshells, quadruped hip abduction, standing 45° hip

extension, and side-lying hip abduction (Figure 2; Appendix B). Exercise resistance was applied

by using an ankle weight that was 30% of their one-repetition maximum (1RM), determined

through the use of a handheld dynamometer. 1RM was determined in the first session and the

same resistance was used in both conditions.38 Rest periods between sets and exercises lasted

30 seconds and 1 minute, respectively.

2.2.3 Functional Tasks

Immediately after exercises, frontal plane videos were taken while participants performed

multiple functional tests: single leg squat, single leg landing, single leg hop, forward step down,

and lateral step down test (Figure 3; Appendix C).39,40 For the single leg squat test, participants

stood on their symptomatic limb, squatted to 45° of knee flexion, and returned to the starting

position over a 3-second period. For the single leg landing, participants stood on a 30 cm step

with their symptomatic limb, hopped off and landed on their symptomatic limb onto a mark 30

cm forward from the step, and maintained balance for 3 seconds after landing. For the single leg

hop task, participants hopped as far forward as possible on their symptomatic limb and
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maintained balance for 3 seconds after landing. For the forward step down, participants stood

on a 30 cm step with their symptomatic limb, lightly tapped the heel of the contralateral foot on

the floor in an anterior direction while maintaining balance on the platform, and returned to the

starting position over a 3-second period. For the lateral step down test, participants stood on a

30cm step with their symptomatic limb, lightly tapped the heel of the contralateral foot on the

floor in a lateral direction while maintaining balance on the platform, and returned to the starting

position over a 3-second period. The participants performed each task 3 times and a 1-minute

break was provided between tasks. Additional breaks were allowed by participants’ requests to

avoid fatigue. A SonyCX405 Handycam® camera was placed 15 feet anteriorly to the

participant to capture the knee valgus angle at peak knee flexion in a frontal plane view during

functional tasks. 2D red dot stickers were placed as markers over the sternum, bilateral anterior

superior iliac spine (ASIS) landmarks, ipsilateral patella, and bisection of ipsilateral malleoli to

assist with measurement of joint angles across the various functional tasks.

2.2.4 Data Analysis

Frontal plane kinematics during video recorded functional tasks were assessed using a

free online motion capture software (Kinovea; version 0.9.5) by an investigator blinded to the

condition. The following measures were taken from video recordings: Trunk lean angle (TLA),

knee frontal plane projection angle (FPPA), hip FPPA, and dynamic valgus index (DVI).29

Measurement began by a vertical reference line drawn superiorly from the ipsilateral ASIS of the

standing leg. The next line was drawn between markers on bilateral ASIS landmarks for the

pelvic segment. Bisecting the thigh with a line drawn from the midpoint of the patella to the

ipsilateral ASIS created a thigh segment. A line from the midpoint of the patella to the midpoint

of the ankle created a shank segment. Angle measurements for the hip, knee, and trunk were

taken at peak knee flexion as determined by the recording investigator through later analysis of

the video recordings.29 TLA was the angle between the vertical reference line created from the

ipsilateral ASIS and the line from the ipsilateral ASIS to the sternal marker (Figure 3; Appendix
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C). TLA has been found to have moderate agreement and reliability when compared to a 3D

motion capture system for single leg movements.5,6A lower TLA indicates greater ipsilateral

trunk lean towards the symptomatic limb. Knee FPPA was calculated by the subtraction of the

angle between the thigh and shank segments from 180° (Figure 3; Appendix C). A higher knee

FPPA means greater knee valgus of the symptomatic limb. Hip FPPA was calculated by

subtraction of the angle between the pelvic and thigh segments from 90° (Figure 3; Appendix

C). A higher hip FPPA indicates greater hip adduction of the symptomatic limb. Dynamic valgus

index (DVI)29 was used to assess the degree of knee valgus, calculated by the summation of

knee (FPPA) and hip FPPA (Figure 3; Appendix C). Two-dimensional DVI has been found to

have a moderate intra-rater reliability with an ICC of 0.74.29 It has also been found to be more

highly correlated with kinematics measured by a 3D motion capture system than measured by

knee (FPPA) alone.29 A higher DVI angle would indicate a greater summation of knee valgus

and/or hip adduction.

The researcher measured and averaged the angles of the performed 3 repetitions of

each task, which was analyzed statistically. Participants’ pain level before and after each

session was recorded using the Visual Analog Scale (VAS), where zero represents no pain and

10 represents maximal pain.

2.2.5 Statistical Analysis

The outcome measures of this study included hip FPPA, knee FPPA, DVI, and TLA

during 5 functional tasks, as well as pain on a VAS before and after tDCS or Sham intervention.

To establish a baseline for the participants' pre-intervention data, we calculated the average of

the data collected on two separate days. This approach was employed after confirming via

paired t-tests that there was no statistically significant difference between the pre-intervention

data from the two separate days.

We conducted a Shapiro-Wilk test to assess the distribution of the collected data. The
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results indicated that the hip FPPA, knee FPPA, DVI, and TLA data followed a normal

distribution. However, the VAS data exhibited a non-normal distribution. Therefore, one-way

ANOVAs with repeated measures and post-hoc pairwise comparisons with Bonferroni

corrections were used to compare the hip FPPA, knee FPPA, DVI, and TLA among the 3

conditions (pre-intervention, post-tDCS, and post-Sham). Friedman test was used to compare

the VAS among pre-, post-tDCS, and post-sham conditions. All statistical analyses were

performed using SPSS software (ver. 27, International Business Machines Corp. New York,

USA). A significant difference was defined as p < 0.05.
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3. Results

3.1 Participant Demographics

We included 6 males and 4 females with PFP whose age was 28.2 ± 6.88. Their average AKP

Scale score was 79.1 ± 7.29. The average BMI among participants was 26.83 ± 6.67 kg/m2 . As

measured by the GPAQ, the average activity level among participants was classified as being

“moderate intensity” with an average measurement among all participants being 2017 metabolic

equivalents (METs) per week. Among these participants, 8 had unilateral pain and 2 had

bilateral pain. Both individuals with bilateral PFP reported a history of consistently more pain on

one limb for the past 6 months.

3.2 Forward Step Down

The one-way ANOVA with repeated measures showed that there was not a significant

difference in hip FPPA, knee FPPA, DVI, and TLA during forward step down among the pre-,

post-tDCS, and post-Sham conditions (p>0.05) (Table 1; Appendix D).

3.3 Lateral Step Down

The one-way ANOVA with repeated measures showed that there was not a significant

difference in hip FPPA, knee FPPA, DVI, and TLA during lateral step down among the pre-,

post-tDCS, and post-Sham conditions (p>0.05) (Table 1; Appendix D).

3.4 Single Leg Squat

The one-way ANOVA with repeated measures showed that there was not a significant

difference in hip FPPA, knee FPPA, DVI, and TLA during single leg squat among the pre-,

post-tDCS, and post-Sham conditions (p>0.05) (Table 1; Appendix D).

3.5 Single Leg Landing

The one-way ANOVA with repeated measures showed that there was a significant difference in

knee FPPA between 3 conditions (pre, post-tDCS, and post-Sham) (p = .011). The post-hoc

pairwise comparisons showed that knee FPPA was significantly lower after Sham intervention

compared to the pre-condition (p= 0.018). There was not a difference between pre-condition
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and post-tDCS condition (p=0.394) or between post-tDCS and post-Sham conditions (p=0.365)

in knee FPPA (Table 1; Appendix D).

The one-way ANOVA with repeated measures showed that there was not a significant

difference in hip FPPA, DVI, and TLA during single leg landing among the pre- post-tDCS, and

post-Sham conditions (p>0.05) (Table 1; Appendix D).

3.6 Single Leg Hopping

The one-way ANOVA with repeated measures showed that there was not a significant

difference in hip FPPA, knee FPPA, DVI, and TLA during single leg hopping among the pre-

post-tDCS, and post-Sham conditions (p>0.05) (Table 1; Appendix D).

3.7 Pain

The Friedman test showed that there was not a significant difference in VAS among the

pre-intervention, post-tDCS, and post-Sham conditions (pre-intervention = 1.78; post-tDCS =

2.44; post-Sham = 1.78; p = 0.147).
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4. Discussion

The purpose of this study was to investigate whether modulation of cortical excitability of

the gluteal musculature via tDCS paired with exercise would improve frontal plane kinematics of

the lower extremity and trunk during functional tasks in individuals with PFP. It was hypothesized

that tDCS targeting the corticomotor area of the gluteal musculature paired with exercise would

be more effective at improving frontal plane kinematics of the lower extremity and trunk in

individuals with PFP when compared to exercise alone. In contradiction with our hypothesis, our

findings showed that a single 20-minute bout of tDCS paired with exercise did not improve

frontal plane movements and pain in persons with PFP when compared to exercise alone via

sham stimulation.

The literature is limited in regard to the use of tDCS as a potential treatment for PFP, but

has been explored in a few recent studies outlined below. To our knowledge, there has not been

any previous studies exploring the effect of tDCS on frontal plane kinematics during functional

tasks in individuals with PFP. Lower extremity strength gains have been obtained in individuals

with PFP through the use of tDCS with exercise,26 whereas another study41 did not find such

effects in healthy individuals. This may be that the neural modulatory capacity of tDCS was

applied over an altered primary motor cortex organization, as has been found in PFP. In regard

to pain perception, our findings contrast those of Rodrigues et al. (2022) who found a decrease

in pain post-tDCS intervention when compared to baseline.26 This contrast may be attributed to

the lack of congruency in the tDCS protocols applied between the two studies. As with our

study, there was considerable variability in the subjective reporting of pain by participants. Both

studies utilized the patellar compression test and VAS. Although not in PFP, similar decreases in

pain through the use of tDCS have been found in knee osteoarthritis, fibromyalgia, spinal cord

injury, amputation, stroke, multiple sclerosis, and radiculopathy.42-44

Rodrigues et al. (2022) looked at the efficacy of a 20 minute tDCS stimulation at

increasing lower extremity strength in both a treatment and control group undergoing the same
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resistance training program over the course of 4 weeks (12 sessions), with 48-72 hours

between sessions in persons with PFP.26 They assessed baseline strength with a 10 RM test

and reassessed participants at sessions 4, 8, and 12. While both groups demonstrated

significant differences at sessions 0, 4, 8, and 12 weeks, a significant interaction was not found

between the control and the tDCS group until session 8. This suggests that there may be a

possible minimum intervention period for tDCS effectiveness and that participants may need to

regularly attend exercise sessions in conjunction with tDCS in order to see greater

improvements in strength over exercise alone. Future studies should also consider a greater

tDCS intervention period to potentially affect biomechanical improvements in individuals.

Our findings demonstrated only significantly lower knee FPPA on the single leg landing

task in post-Sham condition when compared with pre-intervention condition. While such an

improvement may be due to an exercise effect, this result may not be clinically meaningful or

translate to improvement of functional task performance. The statistically significant finding may

also be affected by false positives arising from multiple comparisons.45 Specifically, the 4°

difference is less than the standard error of measurement (SEM) of 4.34° and minimum

detectable change (MDC) of 12.03° calculated using the pre-intervention measurements from 2

sessions (pre-tDCS and pre-Sham).

Several limitations became apparent throughout conducting this study. Initially, only

participants with unilateral knee pain were considered for participation, however this proved to

severely limit the pool of potential participants as PFP tends to present bilaterally. Due to the

use of bihemispheric montage in this tDCS protocol, the desired cortical modulation of

contralateral excitation and ipsilateral inhibition may not apply to those 2 participants who

presented bilaterally. Despite expanding our inclusion criteria, only 10 participants were eligible

to participate, limiting the efficacy and generalizability of the results. Additionally, participants

served as their own controls rather than being compared to healthy individuals. Again, the use

of bihemispheric montage in this tDCS protocol for contralateral excitation and ipsilateral
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inhibition would present a challenge for the inclusion of a control group of healthy individuals

where cortical changes are not observed and they lack a PFP affected limb. The compensations

each may have developed over time to cope with their knee pain may contribute to a varied

baseline between them. In order to mitigate the potential for carryover effect between

conditions, participants waited 2 weeks between sessions to fulfill a washout period for the

effects of tDCS. Despite this, it is possible their performance during the second session was

altered due to a training effect after their first session. Because of these potential effects, future

studies should utilize a control group with healthy individuals. Finally, it should be noted that

participants only received the active intervention of tDCS during one session for a period of 20

minutes, which was insufficient to affect change in kinematics.
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5. Conclusion

This study examined how a tDCS protocol targeting the modulation of cortical excitability

of the gluteal muscles paired with exercise affects frontal plane kinematics and pain in persons

with PFP when compared to exercise alone. Our study found that a single session of tDCS

paired with exercise was ineffective at improving frontal plane movements or reducing pain

during functional tasks in individuals with PFP. While there was a reduction in knee FPPA after

Sham intervention, the difference was likely not clinically meaningful.
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Appendices

Appendix A

Figure 1: Bihemispheric tDCS montage. Anode (red) positioned over the primary motor cortex
contralateral to the affected limb and cathode (blue) positioned above the ipsilateral cortex.
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Appendix B

A B

C D

Figure 2: Hip strengthening exercises included in the tDCS protocol: (A) clamshells (B)
quadruped hip abduction (C) standing 45° hip extension (D) side-lying hip abduction
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Appendix C

(A) SLS (B) SLL (C) SLH

(D) FSD (E) LSD

Figure 3: Two-dimensional frontal plane kinematics measured during (A) SLS = single leg
squat, (B) SLL = single leg landing, (C) SLH = single leg hop, (D) FSD = forward step down, and
(E) LSD = lateral step down tasks; Trunk Lean Angle (TLA) = Υ; hip Frontal Plane Projection
Angle (FPPA) = 90 - α; knee FPPA = 180 - β; Dynamic Valgus Index (DVI) = knee FPPA + hip
FPPA
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Appendix D
Table 1: Means, Standard Deviations, and Significance Values of Assessed Contrasts

Pre
(mean±SD)

Post-tDCS
(mean±SD)

Post-Sham
(mean±SD)

p value

Forward Step Down

Hip FPPA 18.4° ± 5.0° 19.1° ± 5.2° 19.0° ± 6.9° .898

Knee FPPA 0.9° ± 10.5° -0.1° ± 11.8° -0.5° ± 12.9° .615

DVI 19.3° ± 13.1° 19.1° ± 15.4° 18.5° ± 18.6° .953

TLA 11.4° ± 5.1° 11.7° ± 5.0° 12.9° ± 6.4° .164

Lateral Step Down

Hip FPPA 25.7° ± 4.7° 24.6° ± 6.4° 26.2° ± 6.6° .403

Knee FPPA 17.1° ± 11.2° 14.8° ± 11.1° 16.4° ± 15.5° .434

DVI 42.8° ± 14.3° 39.4° ± 15.4° 42.7° ± 20.6° .357

TLA 15.4° ± 5.4° 13.0° ± 6.4° 14.8° ± 7.0° .090

Single Leg Squat

Hip FPPA 9.6° ± 3.2° 9.9° ± 3.1° 11.8° ± 4.4° .383

Knee FPPA 1.9° ± 6.3° 1.1° ± 4.4° 2.1° ± 7.0° .759

DVI 11.2° ± 8.8° 10.9° ± 6.8° 13.9° ± 12.4° .442

TLA 12.2° ± 3.9° 12.7° ± 3.7° 13.5° ± 6.5° .552

Single Leg Landing

Hip FPPA 8.8° ± 6.8° 9.0° ± 7.9° 7.9° ± 8.9° .739

Knee FPPA 7.7° ± 6.0° 5.7° ± 7.5° 3.7° ± 6.2°# .011*

DVI 16.5° ± 12.1° 14.7° ± 14.8° 11.6° ± 14.1° .151

TLA 12.1° ± 7.9° 11.4° ± 6.7° 10.5° ± 8.6° .284

Single Leg Hopping

Hip FPPA 7.8° ± 6.4° 7.5° ± 7.5° 9.1° ± 9.1° .627

Knee FPPA 3.6° ± 4.7° 2.1° ± 6.8° 3.7° ± 7.6° .655

DVI 11.4° ± 12.2° 9.6° ± 13.5° 12.8° ± 15.3° .525

TLA 10.2° ± 6.5° 9.4° ± 7.4° 11.3° ± 10.9° .698

*Highlights a significant difference using one-way ANOVA with repeated measures.
# Highlights a significant difference using post-hoc pairwise comparisons from the pre-condition.

Abbreviations: FPPA - frontal plane projection angle; DVI - dynamic valgus index; TLA - trunk lean angle
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