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Abstract

Background and Aims: Patellofemoral pain (PFP) is common in males, causing

reduced physical activity and chronic pain. One proposed cause of PFP is aberrant

biomechanics during tasks loading the patellofemoral joint. Consistent evidence

exists for females with PFP, but it is uncertain if males with PFP have altered

biomechanics. This study investigated the kinematics of males with PFP compared to

pain‐free males during forward step‐down (StDn) and single‐leg squat (SLSq).

Methods: A cross‐sectional study including 40 males aged 20–39 years

(28.28 ± 5.46) was conducted (20 PFP, 20 pain‐free). Participants performed StDn

and SLSq while motion was captured with a video‐based motion capture system

(Motion Analysis Corporation). Triplanar peak angles and angular ranges of motion

(ROM) of the trunk, pelvis, and weight‐bearing hip, knee, and ankle were dependent

variables. Mixed‐model ANOVA tests were used to determine the presence of

significant interactions and main effects of group and task.

Results: Males with PFP had significantly lower peak knee adduction angles

compared to pain‐free males (p = 0.01). Significant group x task interactions were

found for hip and pelvis ROM (p < 0.05). PFP participants had increased hip and

pelvis ROM during StDn in the frontal and transverse planes but reduced or nearly

equal ROM for these variables during SLSq. Peak hip adduction, hip internal rotation,

contralateral pelvic drop and anterior tilt, trunk flexion, and ankle dorsiflexion were

greater during StDn compared to SLSq (p < 0.05). ROM of the hip, pelvis, trunk, and

ankle were greater during StDn compared to SLSq (p < 0.05).

Conclusion: Males with PFP had reduced peak knee adduction angles in StDn and

SLSq. Males with PFP demonstrated increased hip and pelvis ROM during StDn

versus SLSq, particularly in the frontal and transverse planes. Clinicians should

consider StDn as a clinical test since aberrant movement may be easier to detect

than in SLSq.
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1 | INTRODUCTION

Patellofemoral pain (PFP) is characterized by the insidious onset of

peripatellar or retropatellar pain produced by loading the patellofemoral

joint, eg, squatting.1 PFP is the most common musculoskeletal injury in

male runners.2 Reported prevalence of PFP for males includes 15.5% in

the general population, 12.3% of male military recruits, and 35.7% of elite

male cyclists.3 Patients with PFP frequently have reduced physical

activity, lower quality of life, and poor outcomes to rehabilitation.4–6

The etiology of PFP is multifactorial.1 One theorized cause is

increased patellofemoral joint stress from altered biomechanics.7 There is

consistent evidence for altered kinematics of females with PFP, but very

limited evidence is available for males with PFP.8,9 Males and females are

reported to have different biomechanics during activities including

squatting, stair descent, landing from a jump, running, and a forward

step‐down test.10–15 During single‐leg squatting, healthy males had less

hip adduction and knee abduction of the weight‐bearing limb as well as

greater trunk flexion than healthy females.10 Males rotated their pelvis

towards the non‐weight‐bearing limb during the single‐leg squat while

females rotated their pelvis towards the weight‐bearing limb.10 During a

forward step‐down, males had less contralateral pelvic drop, greater hip

adduction, and lower knee valgus angles than females.14 Thus, faulty

kinematics demonstrated by patients with PFP may be sex‐specific and

may impact the rehabilitation program accordingly.

The very few studies investigating the biomechanics of males with

PFP have inconsistent results.9,16 Increased knee adduction (KnADD)

during single‐leg squatting (SLSq) was reported in male recreational

runners with PFP as well as increased KnADD and increased contralateral

pelvic drop during running.17 More recently, males with PFP were found

to have reduced KnADD but increased knee internal rotation and

increased hip internal rotation while running.18 Altered kinematics during

SLSq were also observed in a mixed‐sex group of patients with PFP, with

increased ipsilateral trunk lean, increased contralateral pelvic drop,

increased hip adduction (HADD), and increased knee abduction angles;

however, no comparison results for males with and without PFP were

reported.13 Sagittal plane trunk excursion during bipedal squatting was no

different between males with PFP versus pain‐free males.19 Prospective

studies found that male military recruits who developed PFP had greater

knee valgus during SLSq and landing from a single‐leg jump.20,21 In

contrast, a prospective study of military recruits found that only landing

from a jump with <20° knee flexion and >5° hip external rotation were

risk factors for males to develop PFP.22 The forward step down (StDn)

revealed increased ipsilateral trunk lean, increased contralateral pelvic

drop, HADD, and increased knee abduction angles for a group of males

and females with PFP versus pain‐free controls; however, no single‐sex

comparison results were reported.12

StDn and SLSq are recommended clinical tests for patients with

PFP.1,23 Given the very limited and inconsistent evidence for the

biomechanics of males with PFP, additional investigation is warranted.

Use of a motion capture system with high accuracy to perform these

investigations would yield the most accurate biomechanical results of

such studies.24 Currently laboratory video‐based motion capture systems

have high accuracy and are considered the “gold standard” for

biomechanical studies.24–26 We sought to examine triplanar knee, hip,

pelvis, trunk, and ankle peak angles and ranges of motion (ROM) of the

weight‐bearing lower extremity (LE) during SLSq and forward StDn. It was

hypothesized that males with PFP would have increased KnADD, HADD,

contralateral pelvic drop, and ipsilateral trunk lean in one or both tasks.

Secondary hypotheses were that 1) significant group by task interactions

would be present for one or more kinematic variables, and 2) significant

differences for peak angles and/or ROM would be present.

2 | METHODS

2.1 | Study design

This cross‐sectional study was conducted from September 2019 to

January 2022 in a university research laboratory. Results are reported

according to the requirements of Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) and to the

REPORTing of quantitative PatelloFemoral Pain (REPORT‐PFP)

checklist.27,28 Dependent variables of interest included the tested

LE triplanar peak angles and ROM of the knee, hip, pelvis, trunk, and

ankle during SLSq and StDn. The study was approved by the

Institutional Review Board of Thomas Jefferson University (Control #

19D.228). Informed consent was obtained from all participants

before enrollment into the study.

2.2 | Participants

Participants were recruited from the community and referral from

local sports medicine physicians and physical therapists. PFP group

inclusion criteria were based on previous studies, the Academy of

Orthopaedic Physical Therapy PFP clinical practice guideline, and

diagnostic criteria from an international PFP consensus statement:

male sex; age 18–40 years; anterior knee pain for ≥4 weeks; worst

Key points

• Faulty kinematics are commonly reported in females with

patellofemoral pain (PFP), but the kinematics of males

with PFP are still uncertain.

• Males with PFP had reduced peak knee adduction angles

during step‐down and single‐leg squatting. Compared to

pain‐free males, the PFP group had greater hip and pelvis

ranges of motion (ROM) during step‐down but reduced

hip and pelvis ROM during squatting.

• The findings of this study indicate that males with PFP

may have reduced knee adduction during weight‐bearing

tasks. Excessive hip and pelvis ROM during step‐down

may be present so may be a preferred clinical task to

detect faulty kinematics.
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pain ≥3 on a numeric pain rating scale (NPRS) (0–10 points,

10 =worst pain imaginable); and knee pain provocation by ≥2

activities reported to increase pain in patients with PFP (eg, squatting

and stair descent).1,29,30 Inclusion criteria for the control group

included males aged 18–40 years who had no knee pain at the time

of enrollment.30 Exclusion criteria for both groups included: current

pain in the lower back, hip, or ankle/foot; a history of LE joint surgery

or patellar dislocation or fracture; LE fracture within the previous

year; and neurological, systemic, or other musculoskeletal conditions

that may cause pain or weakness (eg, patellar tendinopathy).30

2.3 | Materials

A 12‐camera motion analysis system (Motion Analysis Corpora-

tion) with retroreflective markers was used to capture data during

biomechanical testing.31 This optoelectronic motion capture

system has a reported accuracy of less than one millimeter error

for the wall‐mounted Motion Analysis 1.3 MP cameras (0.435 mm

mean, 0.213 mm standard deviation).31 A modified 6 degree‐of‐

freedom marker set was used to model the whole body.32

Markers were placed on bilateral extremities and head‐thorax‐

pelvis, as depicted in Figure 1, with a detailed list of marker

placement locations found in Supporting Information S1: APPEN-

DIX A1. The coefficient of multiple correlation (CMC) repeatabil-

ity values for the 6 degree‐of‐freedom marker set were reported

to be moderate‐excellent for within‐ and between‐session tests

of the pelvis, hip, knee, and ankle (CMC mean[standard devia-

tion]: within‐session = 0.638[0.141] ‐ 0.997[0.001]; between‐

session = 0.747[0.194] ‐ 0.999[0.001]).32

2.4 | Procedure

After giving their consent, participants completed a questionnaire for

demographics, health history, and LE dominance (LE used to kick a ball).33

Participants completed an 11‐point NPRS to rate current and worst pain.

This tool has been found to be reliable and valid for measurement of pain

in patients with PFP.34 Function was measured using two patient‐

reported outcome measures that are valid and reliable for patients with

PFP: The Knee injury and Osteoarthritis Outcome Score—Patellofemoral

subscale (KOOS‐PF) and the Anterior Knee Pain Scale (AKPS).35,36 The

KOOS‐PF is an 11‐item questionnaire scored from 0 to 100 (100 = best

function/least pain).35,37,38 The AKPS is a 13‐item questionnaire scored

F IGURE 1 Motion capture marker set. (A): anterior view. (B): posterior view.

HOGLUND ET AL. | 3 of 11
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from 0 to 100 (100= best function).36–38 Physical activity was measured

with theTegner scale, a 10‐point self‐report scale that is reliable and valid

for patients with knee injuries and has been used in previous studies of

PFP.4,30 Participants' height and weight were measured using a medical

scale.

2.5 | Single‐Leg squat and Step‐Down motion
capture

Participants were prepared for motion analysis as follows:

retroreflective markers were applied to their extremities and

trunk at the locations shown in Figure 1, and listed in Supporting

Information S1: APPENDIX A1. A static standing trial was

collected for calibration and used as participants' neutral

alignment. Purely anatomical markers were removed (anterior

superior iliac spines, medial knees, medial malleoli) during

dynamic trials. Participants performed SLSq and StDn in a random

order, as determined with a random number generator. The LE

examined for PFP participants was the painful LE or the most

painful LE for those with bilateral symptoms. The LE examined for

control participants was randomly matched to PFP participants.

Standardized scripts were used for participant instruction in

tasks. Participants were given practice trials and a 30 s rest

between trials. Participants wore their own footwear during

testing. Three successful trials were captured for each task based

on the recommended number of trials to ensure excellent within‐

session reliability of LE kinematic and kinetic variables during

biomechanical testing.39–41

Participants performed SLSq by placing their hands on their

lateral pelvis then raising the non‐tested LE by flexing the hip and

knee, while keeping the raised foot behind them (Figure 2).42,43

Instructions were to “squat down as far as you can” for a total of 3

consecutive squats before lowering the raised foot to the floor. A

metronome was used for pacing at 15 squats per minute.13

Participants were verbally cued to squat “down” then “up.” Data

were collected during 3 trials, which were considered successful if

participants maintained the raised LE off the floor and away from

contact with the tested LE.

Participants performed StDn while standing on a 23‐cm‐high

step stool. Participants placed their hands on their lateral pelvis,

and raised the non‐tested LE from the stool by flexing the hip

with the knee in full extension (Figure 3).12 Instructions were to

lower their body towards the floor “as if you are walking down

steps” and then raise back up for 3 consecutive StDn before

placing the raised LE onto the step stool. Participants performed

F IGURE 2 Study participant position during single‐leg squat task. (A): anterior view. (B): side view.

4 of 11 | HOGLUND ET AL.
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the StDn task at a pace of 15 StDn per minute, using the

metronome and verbal cuing in similar fashion to the SLSq task.12

Data were collected during 3 trials, considered successful if

participants performed 3 StDn without losing their balance or

stepping to the floor.

2.6 | Data processing

Three‐dimensional marker coordinates were collected at a

sampling frequency of 120 Hz. Marker data were identified using

Cortex (Motion Analysis Corporation) and exported to Visual3D

(C‐Motion) to calculate kinematics. Marker data were low‐pass

Butterworth filtered with a cut‐off frequency of 6 Hz.13 Kine-

matic variables were averaged across trials for each participant

and these data were used to determine group averages. The StDn

and SLSq cycles analyzed were from 200 frames (1.66 s) before

the sacral marker vertical position local minima to 200 frames

subsequent to the local minima. Data from each of the three

consecutive StDn and SLSq cycles for all three trials were used in

data analysis, for a total of nine cycles analyzed for each task.

Joint angles were calculated using the anatomic markers in the

static trial to create local coordinate systems for each body

segment (foot, shank, thigh, pelvis, and trunk). Joint centers were

determined for the knee and ankle as the mid‐point between the

femoral epicondyles and malleoli, respectively. The hip joint

centers were determined using the Bell method of creating an

offset from the respective anterior superior iliac spine (ASIS)

locations, as a function of the medial‐lateral distance between the

ASIS markers.44 These segments were tracked throughout the

dynamic trials and the angles between each local coordinate

system can be determined at each frame of data, which provides

the joint angles.45 Most joint angles were calculated as the distal

segment relative to the proximal segment. However, the pelvis

angles were determined relative to the lab (global) coordinate

system and the trunk angle was calculated relative to the pelvis.

F IGURE 3 Study participant position during forward step‐down task. (A): anterior view. (B): side view.
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2.7 | Statistical analysis

A power analysis using data from a previous study revealed adequate

power with 18 participants per group (variables of hip adduction and

knee abduction peak angles during SLSq, alpha = 0.05, power =

0.80).13 Descriptive statistics were calculated for demographics,

anthropometrics, pain ratings, reported function, and physical

activity. Data were tested for normality and groups were compared

using 2‐tailed independent t‐tests or Mann‐Whitney U tests for non‐

normally distributed data. Descriptive data were reported as mean

and standard deviation (SD) or median and interquartile range for

non‐normally distributed data. Mixed‐model analyses of variance

(ANOVA), 2‐tailed [group (2) by task (2)] were used to examine

kinematic variables. Significant interactions were examined using

simple main effects and a Bonferroni correction for multiple

comparisons. Statistical analyses were performed with SPSS version

28 statistical software (SPSS Inc). The significance level was set a

priori at p = 0.05 for all comparisons.

3 | RESULTS

3.1 | Demographic and anthropometric parameters

Study participants included 20 males with PFP and 20 pain‐free

males as a control group. There were no significant differences

between groups for height, mass, body mass index, and physical

activity level; however, the PFP group was significantly older than the

control group (Table 1). As expected, the PFP group had significantly

worse pain than controls (Table 1). The PFP group NPRS‐current pain

mean (SD) was 1.45 (1.40), and NPRS‐worst pain was 5.05 (1.64).

Control group NPRS mean (SD) was 0.0 (0.0) for both current and

worst pain. The PFP group had significantly lower reported function

than controls (Table 1). Mean (SD) KOOS‐PF scores for the PFP

group were 66.48 (10.83) (control = 99.89 [0.51]) and AKPS mean

scores for the PFP group were 81.90 (8.08) (control = 100.0 [0.0]).

The PFP group mean (SD) knee pain duration was 68.0 (68.7) months.

Nine PFP participants had unilateral knee pain and 11 PFP

participants had bilateral knee pain. The most painful knee was the

right for 14 and the left for 6 PFP participants. LE dominance was

right for 37 participants and left for 3 participants.

3.2 | Peak angles

Kinematic analysis was performed using data from 39 participants;

one control participant's data was excluded due to technical

problems during motion capture. No significant interactions were

found for any peak angle (p > 0.05) (Table 2). There was a significant

main effect of group for peak KnADD with PFP group participants

having significantly less peak KnADD compared to the control group

(p = 0.01). No other main effects of group were found (p > 0.05).

Significant main effects for task were found at the knee, hip, pelvis,

trunk, and ankle. Peak angles during StDn were increased compared

to SLSq for HADD, hip internal rotation, pelvic anterior tilt, pelvic

contralateral drop, trunk flexion, and ankle dorsiflexion; StDn peak

angles were less than SLSq peak angles for KnADD, knee external

rotation, hip flexion, trunk ipsilateral lean, and ankle external rotation

(p < 0.05) (Table 2).

3.3 | Range of motion measurements

Significant group by task interactions were found at the hip and

pelvis for ROMmeasurements (p < 0.05) (Table 3). The PFP group had

greater hip frontal and transverse plane ROM than the control group

during StDn but less hip frontal and transverse plane ROM than

controls during SLSq. At the pelvis, the PFP group had greater frontal

and transverse plane ROM than controls during StDn but less than or

nearly equal frontal and transverse plane ROM as controls during

SLSq (Table 3). There were no main effects for group for ROM

(p > 0.05). Significant main effects for task were found at the hip,

pelvis, trunk, and ankle. ROM during StDn was greater than during

SLSq for frontal and transverse planes at the hip, frontal and

transverse planes at the pelvis, the transverse plane at the trunk, and

the sagittal and frontal planes at the ankle (p < 0.05). Participants had

less sagittal plane ROM during StDn than SLSq at the hip and pelvis

(p < 0.05) (Table 3).

TABLE 1 Participant demographic and clinical characteristics.

Characteristics PFP group Control group p value

Age (y) 30.25 (5.96) 26.30 (4.18) 0.02

Mass (kg) 82.60 (11.96) 79.32 (20.72) 0.54

Height (m) 1.79 (0.08) 1.79 (0.08) 0.99

Body mass index 25.63 (2.56) 24.55 (5.45) 0.43

NPRS, current (0–10)a 1 (3) 0 (0) <0.001b

NPRS, worst (0–10)a 6 (2) 0 (0) <0.001b

Pain duration (months)a 48 (99) 0 (0) <0.001b

KOOS‐PF score (0–100)a 65.91 (34.09) 100.00 (0) <0.001b

AKPS score (0–100)a 80 (14) 100 (0) <0.001b

Tegner score (0–10)a 5 (1) 6 (2) 0.06b

Note: Values are expressed as mean (SD) and p values are for independent
t tests, 2 tailed, unless otherwise indicated.

Abbreviations: AKPS, Anterior Knee Pain Scale; kg, kilograms; KOOS‐PF,
Knee injury and Osteoarthritis Outcome Score—Patellofemoral subscale;
m, meters; NPRS, numeric pain rating scale; PFP, patellofemoral pain;
Tegner, Tegner Activity Level Scale; y, years.
aMedian (interquartile range).
bMann‐Whitney U test, 2‐tailed.
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TABLE 2 Peak joint angles during tasks, comparison using mixed model ANOVA, 2‐tailed to examine interaction of group x task and main
effects of group and task.

Peak kinematic variable Group

Mean (SD) Mixed model ANOVA results p value (ηp2)

StDn (deg) SLSq (deg) Group x Task Group Task

Knee flexion PFP −68.83 (11.41) −67.19 (10.90) 0.44 (0.02) 0.44 (0.02) 0.60 (0.008)

Control −71.15 (12.76) −71.46 (18.27)

Knee ADD PFP 3.50 (3.81) 4.18 (3.71) 0.80 (0.002) 0.01a (0.16) 0.03b (0.13)

Control 7.58 (5.82) 8.12 (5.71)

Knee ABD PFP −5.07 (5.91) −4.88 (5.29) 0.44 (0.02) 0.08 (0.08) 0.71 (0.004)

Control −1.50 (4.86) −2.04 (6.57)

Knee ER PFP −3.82 (6.57) −4.94 (6.24) 0.54 (0.01) 0.37 (0.02) <0.001b (0.27)

Control −1.45 (8.71) −3.03 (8.02)

Hip flexion PFP 27.09 (16.59) 39.36 (18.97) 0.87 (0.001) 0.56 (0.009) <0.001b (0.58)

Control 30.01 (15.30) 42.86 (20.38)

Hip ADD PFP 20.09 (9.21) 16.26 (7.19) 0.34 (0.03) 0.53 (0.01) 0.02b (0.14)

Control 17.35 (8.50) 15.71 (10.26)

Hip IR PFP 4.34 (5.56) 2.06 (5.87) 0.54 (0.01) 0.36 (0.02) <0.001b (0.29)

Control 6.84 (12.47) 5.19 (12.24)

Pelvis anterior tilt PFP 20.50 (6.31) 15.53 (7.60) 0.48 (0.01) 0.41 (0.02) <0.001b (0.31)

Control 17.65 (10.24) 14.14 (9.45)

Pelvis contralat. drop PFP −10.41 (5.17) −7.45 (4.40) 0.30 (0.03) 0.24 (0.04) 0.002b (0.23)

Control −7.84 (5.94) −6.32 (5.64)

Pelvis contralat. FWD rotation PFP 8.26 (6.91) 5.16 (5.53) 0.08 (0.08) 0.58 (0.008) 0.13 (0.06)

Control 5.54 (7.21) 5.75 (6.82)

Trunk flexion PFP −46.31 (11.41) −40.21 (12.70) 0.12 (0.07) 0.69 (0.004) <0.001b (0.29)

Control −43.00 (11.65) −40.48 (13.74)

Trunk ipsilateral lean PFP −9.27 (7.33) −10.45 (8.06) 0.31 (0.03) 0.96 (0.000) 0.004b (0.21)

Control −8.80 (8.16) −11.15 (8.06)

Trunk contralat. FWD rotation PFP 13.93 (7.41) 10.09 (7.49) 0.11 (0.07) 0.54 (0.01) 0.06 (0.09)

Control 13.97 (10.26) 13.63 (12.39)

Ankle dorsiflexion PFP 35.86 (6.15) 34.30 (5.79) 0.40 (0.02) 0.74 (0.003) 0.03b (0.12)

Control 36.11 (6.51) 35.40 (7.73)

Ankle eversion PFP 2.68 (3.09) 2.26 (2.30) 0.84 (0.001) 0.76 (0.002) 0.23 (0.04)

Control 2.34 (3.56) 2.04 (3.04)

Ankle external rotation PFP −18.13 (7.69) −18.70 (8.37) 0.64 (0.006) 0.86 (0.001) 0.02b (0.14)

Control −17.49 (9.20) −18.34 (9.09)

Note: Sagittal plane values + for knee extension, hip flexion, pelvis anterior tilt, trunk flexion, and ankle dorsiflexion; frontal plane values + for knee
adduction, hip adduction, contralateral pelvic drop, contralateral trunk lean, and ankle eversion; transverse plane values + for knee internal rotation, hip
internal rotation, contralateral pelvic forward rotation, contralateral forward trunk rotation, and ankle internal rotation.

Abbreviations: ABD, abduction; ADD, adduction; contralat, contralateral; deg, degrees; ER, external rotation; FWD, forward; IR, internal rotation; ηp
2,

partial eta‐squared; PFP, patellofemoral pain; SD, standard deviation; SLSq, single‐leg squat; StDn, forward step‐down.
aSignificant group main effect, 2‐tailed. Follow‐up comparisons for main effects (with Bonferonni correction for multiple comparisons, p < 0.05).
bSignificant task main effect, 2‐tailed. Follow‐up comparisons for main effects (with Bonferonni correction for multiple comparisons, p < 0.05).
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4 | DISCUSSION

The purpose of this study was to compare the knee, hip, pelvis,

trunk, and ankle kinematics between males with and without PFP

during two movement tasks commonly performed in the clinic:

StDn and SLSq. Our hypotheses were partially supported in that

there were significant group x task interactions and significant

main effects for tasks. However, our hypotheses related to

increased KnADD, HADD, contralateral pelvic drop, and ipsi-

lateral trunk lean for males with PFP were not supported.

Contrary to our hypothesis, males with PFP had reduced peak

KnADD angles compared to pain‐free males with a small effect

size (ηp
2 = 0.16). Although there was some evidence that males

with PFP had greater peak knee abduction than pain‐free males,

the difference did not meet statistical significance and there was

a very small effect size (p = 0.08; ηp
2 = 0.08). This is consistent

with one study of reduced KnADD for males with PFP during

running18 but in contrast to findings of a study reporting

increased KnADD during SLSq.17 Our findings may have differed

from earlier studies due to different methodologies. We deter-

mined peak angles during the entire SLSq cycle while previous

researchers examined the SLSq KnADD angle at the peak knee

flexion angle achieved during running.17 It may be that reduced

peak KnADD in male patients with PFP can be considered

analogous to the increased peak knee abduction angles often

present in female patients with PFP.8

Our study found significant group x task interactions for hip

and pelvis frontal and transverse planes ROM, meaning that these

ROM variables were dependent upon the group and the task. The

PFP group had increased hip and pelvis frontal and transverse

plane ROM during StDn while ROM for these variables during

SLSq was less than or nearly equal to controls. While no previous

study of males with PFP reported findings for these variables, our

findings during StDn are similar to previous reports of increased

peak contralateral pelvic drop and increased hip internal rotation

of males with PFP during running.17,18 Reduced hip and pelvis

frontal and transverse plane ROM during SLSq may have been

attempts by participants with PFP to reduce patellofemoral joint

stress and pain.46

Our study also found several main effects for task, most

frequently for the frontal and transverse planes. The StDn task

produced greater ROM than the SLSq at the hip and pelvis for

those planes as well as at the trunk in the transverse plane. StDn

also resulted in greater peak HADD, peak hip internal rotation,

and peak contralateral pelvic drop than SLSq. These findings may

mean that the StDn task is more challenging for males with PFP,

making it more difficult for them to limit their ROM in the frontal

and transverse planes than SLSq. The finding of greater HADD

during StDn versus SLSq was reported in a study of healthy

participants.47 It is possible that maintaining the non‐weight‐

bearing LE in an extended knee position and reaching forward

results in more transverse and frontal plane motion compared to

the flexed knee position during the SLSq. The different LE

position may cause SLSq to be less physically demanding than

StDn. Maintaining the raised knee in extension and the foot

anterior as in the StDn would move the center of mass anterior

compared to the bent‐knee position in SLSq, thus more physically

challenging for muscles maintaining upright posture. It is also

possible that the greater sagittal and frontal plane ROM of the

ankle joint during StDn, as well as the greater peak ankle

dorsiflexion angle, made the StDn task more challenging than

the SLSq. More aberrant movement during StDn is consistent

with greatest impairment for patients with PFP found during the

anterior reach portion of a Y‐balance test.48 Thus, StDn may be

better than SLSq for use by clinicians to detect faulty movement

in male patients with PFP.

4.1 | Limitations

This study had some limitations. We did not include a specific level of

physical activity as an inclusion criteria. Our participants may have

had lower activity levels than those in studies of runners, so our

results may not be generalizable to highly active individuals. We did

not include a required pain intensity level for the day of testing,

which may have minimized any aberrant biomechanics for our PFP

group.49 However, one prior study reported no effect of acute pain

on movement patterns in patients with PFP.50 We did not limit our

PFP group participants to unilateral or bilateral symptoms, possibly

obscuring kinematic findings that may have been present in those

with unilateral or bilateral symptoms. We did not control the depth of

the SLSq or StDn, which may impact kinematics. However, there

were no differences between groups in peak knee, hip, or trunk

flexion indicating that our instructions to squat or step down as far as

possible may have been sufficient. We did not standardize

participant's footwear and this may have impacted their bio-

mechanics during the tasks, particularly at the ankle joint.

4.2 | Implications for clinical practice and future
research

Males with PFP may have different biomechanics than pain‐free

males and females with PFP. Altered kinematics in males with PFP

may include reduced peak KnADD and/or increased frontal or

transverse plane ROM of the hip or pelvis during StDn or SLSq. Since

greater frontal and transverse plane motion of the hip and pelvis

were found during StDn, aberrant movement may be more

pronounced during a forward StDn versus a SLSq test. Observational

analysis of forward StDn movement patterns is clinically feasible and

was found to have moderate‐excellent intrarater and interrater

reliability.51 The StDn test may better reveal aberrant movement in

males with PFP compared to the SLSq and may suggest possible

targeted interventions such as neuromuscular reeducation or

strengthening exercise for male patients with PFP. Future research

should examine possible contributors to LE and trunk kinematics
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of males with PFP including muscle strength, muscle activation,

and pain.
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TABLE 3 Joint ranges of motion during tasks, comparison using mixed model ANOVA, 2‐tailed to examine interaction of group x task and
main effects of group and task.

Joint/Plane Group

Mean (SD) Mixed model ANOVA results p value (ηp
2)

StDn (deg) SLSq (deg) Group x task Group Task

Knee/Sagittal PFP 62.60 (10.80) 62.36 (10.32) 0.55 (0.01) 0.31 (0.03) 0.67 (0.005)

Control 66.13 (13.21) 67.50 (19.22)

Knee/Frontal PFP 8.57 (4.75) 9.06 (5.54) 0.50 (0.01) 0.57 (0.009) 0.08 (0.08)

Control 9.08 (3.44) 10.16 (4.13)

Knee/Transverse PFP 10.99 (4.66) 11.64 (4.63) 0.74 (0.003) 0.48 (0.01) 0.16 (0.05)

Control 12.25 (6.00) 12.66 (5.00)

Hip/Sagittal PFP 47.96 (14.01) 58.50 (17.59) 0.81 (0.002) 0.76 (0.003) <0.001b (0.42)

Control 48.91 (11.61) 60.48 (19.76)

Hip/Frontal PFP 21.58 (6.89) 16.41 (6.13) 0.03a (0.12) 0.60 (0.007) 0.02b (0.15)

Control 18.03 (7.58) 17.65 (9.48)

Hip/Transverse PFP 16.05 (4.81) 11.65 (3.66) 0.03a (0.13) 0.76 (0.003) <0.001b (0.33)

Control 14.91 (5.12) 13.62 (5.20)

Pelvis/Sagittal PFP 20.20 (7.98) 24.66 (10.50) 0.53 (0.01) 0.91 (0.000) 0.002b (0.23)

Control 18.83 (8.03) 25.40 (11.96)

Pelvis/Frontal PFP 17.75 (4.54) 12.81 (3.84) 0.01a (0.17) 0.10 (0.07) <0.001b (0.31)

Control 13.38 (5.22) 12.39 (6.13)

Pelvis/Transverse PFP 16.58 (6.80) 11.51 (3.64) 0.04a (0.11) 0.82 (0.001) <0.001b (0.29)

Control 14.38 (6.14) 12.92 (6.83)

Trunk/Sagittal PFP 13.42 (7.26) 11.84 (5.04) 0.16 (0.05) 0.57 (0.009) 0.77 (0.002)

Control 12.45 (5.64) 14.84 (9.39)

Trunk/Frontal PFP 12.29 (5.35) 10.45 (5.34) 0.09 (0.08) 0.42 (0.02) 0.30 (0.03)

Control 9.83 (5.22) 10.28 (5.85)

Trunk/Transverse PFP 19.13 (8.67) 13.57 (3.79) 0.08 (0.08) 0.93 (0.000) 0.01b (0.16)

Control 16.69 (8.53) 15.64 (9.30)

Ankle/Sagittal PFP 26.78 (5.36) 24.92 (5.69) 0.21 (0.04) 0.43 (0.02) 0.007b (0.18)

Control 27.84 (6.66) 27.13 (8.10)

Ankle/Frontal PFP 9.15 (3.07) 8.08 (3.05) 0.32 (0.03) 0.62 (0.007) 0.04b (0.11)

Control 9.36 (4.47) 8.98 (3.51)

Ankle/Transverse PFP 11.67 (2.92) 11.61 (2.85) 0.28 (0.03) 0.53 (0.01) 0.36 (0.02)

Control 11.77 (2.12) 12.45 (2.25)

Abbreviations: deg, degrees; ηp
2, partial eta‐squared; PFP, patellofemoral pain; SD, standard deviation; SLSq, single‐leg squat; StDn, forward step‐down.

aSignificant group x task interaction, 2‐tailed, p < 0.05.
bSignificant task main effect, 2‐tailed. Follow‐up comparisons for main effects (with Bonferonni correction for multiple comparisons, p < 0.05).

HOGLUND ET AL. | 9 of 11

 23988835, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.2193, W

iley O
nline L

ibrary on [03/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ACKNOWLEDGMENTS

The authors would like to acknowledge Jeremy Close and Michael

Mallow for assistance with participant recruitment. This work was

supported by Thomas Jefferson University. The sponsor had no role

in the study design, collection, analysis and interpretation of data,

writing of the manuscript, and in the decision to submit the

manuscript for publication.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICS STATEMENT

The study was approved by the Institutional Review Board of Thomas

Jefferson University (Control # 19D.228). Informed consent was

obtained from all participants before enrollment into the study. The

person shown in the figures gave his consent to be photographed and

to have the images published in a journal article.

AUTHOR APPROVAL STATEMENT

All authors have read and approved the final version of the

manuscript. Lisa Hoglund had full access to all of the data in this

study and takes complete responsibility for the integrity of the data

and the accuracy of the data analysis.

TRANSPARENCY STATEMENT

The lead author Lisa Thraen Hoglund affirms that this manuscript is

an honest, accurate, and transparent account of the study being

reported; that no important aspects of the study have been omitted;

and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

ORCID

Lisa T. Hoglund https://orcid.org/0000-0003-2025-4721

Amy H. Amabile https://orcid.org/0000-0002-9453-2790

REFERENCES

1. Willy RW, Hoglund LT, Barton CJ, et al. Patellofemoral pain. J Orthop
Sports Phys Ther. 2019;49(9):CPG1‐CPG95.

2. Francis P, Whatman C, Sheerin K, Hume P, Johnson MI. The
proportion of lower limb running injuries by gender, anatomical
location and specific pathology: a systematic review. J Sports Sci

Med. 2019;18(1):21‐31.
3. Smith BE, Selfe J, Thacker D, et al. Incidence and prevalence of

patellofemoral pain: a systematic review and meta‐analysis. PLoS
One. 2018;13(1):e0190892.

4. Glaviano NR, Baellow A, Saliba S. Physical activity levels in

individuals with and without patellofemoral pain. Physical Therapy
in Sport. 2017;27:12‐16.

5. Lankhorst NE, Van Middelkoop M, Crossley KM, et al. Factors that
predict a poor outcome 5‐8 years after the diagnosis of

patellofemoral pain: a multicentre observational analysis. Br

J Sports Med. 2016;50(14):881‐886.
6. Coburn SL, Barton CJ, Filbay SR, Hart HF, Rathleff MS, Crossley KM.

Quality of life in individuals with patellofemoral pain: a systematic

review including meta‐analysis. Physical Therapy in Sport. 2018;33:
96‐108.

7. Powers CM, Witvrouw E, Davis IS, Crossley KM. Evidence‐based
framework for a pathomechanical model of patellofemoral pain:
2017 patellofemoral pain consensus statement from the 4th

International patellofemoral pain research retreat, Manchester, UK:
part 3. Br J Sports Med. 2017;51(24):1713‐1723.

8. Leibbrandt D, Louw Q. Kinematic factors associated with anterior
knee pain during common aggravating activities: a systematic
review. Phys Ther Rev. 2017;22(1‐2):34‐47.

9. Bazett‐Jones DM, Neal BS, Legg C, Hart HF, Collins NJ, Barton CJ.
Kinematic and kinetic gait characteristics in people with patellofe-
moral pain: a systematic review and meta‐analysis. Sports Med.
2023;53(2):519‐547.

10. Graci V, Van Dillen LR, Salsich GB. Gender differences in trunk,
pelvis and lower limb kinematics during a single leg squat. Gait

Posture. 2012;36(3):461‐466.

11. de M. Baldon R, Lobato DFM, Furlan L, Serrão F. Gender differences

in lower limb kinematics during stair descent. J Appl Biomech.
2013;29(4):413‐420.

12. Nakagawa TH, Moriya ET, Maciel CD, Serrão AF. Frontal plane
biomechanics in males and females with and without patellofemoral
pain. Med Sci Sports Exerc. 2012a;44(9):1747‐1755.

13. Nakagawa TH, Moriya ET, Maciel CD, Serrão FV. Trunk, pelvis, hip,
and knee kinematics, hip strength, and gluteal muscle activation
during a single‐leg squat in males and females with and without

patellofemoral pain syndrome. J Orthop Sports Phys Ther.
2012b;42(6):491‐501.

14. Peleg S, Pelleg‐Kallevag R, Almog Y, et al. Forward step down test—
clinical rating is correlated with joint angles of the pelvis and hip: an
observational study. BMC Musculoskelet Disord. 2023;24(1):807.

15. Xie PP, István B, Liang M. Sex‐specific differences in biomechanics
among runners: a systematic review with meta‐analysis. Front

Physiol. 2022;13:994076.
16. Mirzaie G, Kajbafvala M, Rahimi A, Manshadi FD, Kalantari KK.

Altered hip mechanics and patellofemoral pain. A review of
literature. Ortop Traumatol Rehabil. 2016;18(3):215‐221.

17. Willy RW, Manal KT, Witvrouw EE, Davis IS. Are mechanics
different between male and female runners with patellofemoral
pain? Med Sci Sports Exerc. 2012;44(11):2165‐2171.

18. Muniz AMS, Zeitoune G, Alvim F, Grassi GBA, Britto PAA, Nadal J. Do
exist differences in kinematics and EMG of the hip and knee between

male runners with and without patellofemoral pain in different running
speeds? Physical Therapy in Sport. 2023;59:122‐129.

19. Ibrahim Hassan IM, Keblawy ME, Elsalam MA, Embaby EA. Sagittal
trunk excursion and lumbar repositioning error between female and
male patients with patellofemoral pain syndrome. Hong Kong

Physiother J. 2023;43(2):81‐91.
20. Alrayani H, Herrington L, Liu A, Jones R. Frontal plane projection

angle predicts patellofemoral pain: prospective study in male military
cadets. Physical Therapy in Sport. 2023;59:73‐79.

21. Nakagawa TH, Dos Santos AF, Lessi GC, Petersen RS,

Scattone Silva R. Y‐Balance test asymmetry and frontal plane knee
projection angle during single‐leg squat as predictors of patellofe-
moral pain in male military recruits. Physical Therapy in Sport.
2020;44:121‐127.

22. Boling MC, Nguyen AD, Padua DA, Cameron KL, Beutler A,
Marshall SW. Gender‐specific risk factor profiles for patellofemoral
pain. Clin J Sport Med. 2021;31(1):49‐56.

10 of 11 | HOGLUND ET AL.

 23988835, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.2193, W

iley O
nline L

ibrary on [03/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0003-2025-4721
https://orcid.org/0000-0002-9453-2790


23. Crossley KM, Zhang WJ, Schache AG, Bryant A, Cowan SM.
Performance on the single‐leg squat task indicates hip abductor
muscle function. Am J Sports Med. 2011;39(4):866‐873.

24. Zhou H, Hu H. Human motion tracking for rehabilitation—a survey.
Biomed Signal Process Control. 2008;3(1):1‐18.

25. Fain A, McCarthy A, Nindl BC, Fuller JT, Wills JA, Doyle TLA. IMUs
can estimate hip and knee range of motion during walking tasks but
are not sensitive to changes in load or grade. Sensors.

2024;24(5):1675. doi:10.3390/s24051675

26. Karatzas N, Abdelnour P, Corban JPAH, et al. Comparing a portable
motion analysis system against the gold standard for potential
anterior cruciate ligament injury prevention and screening. Sensors.
2024;24(6):1970. doi:10.3390/s24061970

27. Barton CJ, De Oliveira Silva D, Morton S, et al. REPORT‐PFP: a
consensus from the international patellofemoral research network
to improve REPORTing of quantitative PatelloFemoral pain studies.

Br J Sports Med. 2021;55(20):1135‐1143.
28. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,

Vandenbroucke JP. The strengthening the reporting of observational
studies in epidemiology (STROBE) statement: guidelines for report-
ing observational studies. Ann Intern Med. 2007;147(8):573‐577.

29. Crossley KM, Stefanik JJ, Selfe J, et al. 2016 patellofemoral pain
consensus statement from the 4th international patellofemoral pain
research retreat, manchester. part 1: terminology, definitions, clinical
examination, natural history, patellofemoral osteoarthritis and patient‐
reported outcome measures. Br J Sports Med. 2016;50(14):839‐843.

30. Hoglund LT, Burns RO, Stepney Jr. AL. Do males with patellofemoral
pain have posterolateral hip muscle weakness? Int J Sports Phys Ther.
2018;13(2):160‐170.

31. Topley M, Richards JG. A comparison of currently available

optoelectronic motion capture systems. J Biomech. 2020;106:109820.
32. Collins TD, Ghoussayni SN, Ewins DJ, Kent JA. A six degrees‐of‐

freedom marker set for gait analysis: repeatability and comparison
with a modified Helen Hayes set. Gait Posture. 2009;30(2):173‐180.

33. Brown AM, Zifchock RA, Hillstrom HJ. The effects of limb

dominance and fatigue on running biomechanics. Gait Posture.
2014;39(3):915‐919.

34. Piva S, Gil A, Moore C, Fitzgerald G. Responsiveness of the activities
of daily living scale of the knee outcome survey and numeric pain
rating scale in patients with patellofemoral pain. J Rehabil Med.

2009;41(3):129‐135.
35. Crossley KM, Macri EM, Cowan SM, Collins NJ, Roos EM. The

patellofemoral pain and osteoarthritis subscale of the KOOS (KOOS‐
PF): development and validation using the COSMIN checklist. Br

J Sports Med. 2018;52(17):1130‐1136.
36. Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M,

Nelimarkka O. Scoring of patellofemoral disorders. Arthroscopy.
1993;9(2):159‐163.

37. Hoglund LT, Scalzitti DA, Bolgla LA, Jayaseelan DJ, Wainwright SF.

Patient‐reported outcome measures for adults and adolescents with
patellofemoral pain: a systematic review of content validity and
feasibility using the COSMIN methodology. J Orthop Sports Phys

Ther. 2023;53(1):23‐39.

38. Hoglund LT, Scalzitti DA, Jayaseelan DJ, Bolgla LA, Wainwright SF.
Patient‐reported outcome measures for adults and adolescents with
patellofemoral pain: a systematic review of construct validity,

reliability, responsiveness, and interpretability using the COSMIN
methodology. J Orthop Sports Phys Ther. 2023;53(8):460‐479.

39. Ford KR, Myer GD, Hewett TE. Reliability of landing 3D motion
analysis: implications for longitudinal analyses. Med Sci Sports Exerc.
2007;39(11):2021‐2028.

40. Mok KM, Bahr R, Krosshaug T. Reliability of lower limb bio-
mechanics in two sport‐specific sidestep cutting tasks. Sports

Biomech. 2018;17(2):157‐167.

41. Mok KM, Petushek E, Krosshaug T. Reliability of knee biomechanics
during a vertical drop jump in elite female athletes. Gait Posture.
2016;46:173‐178.

42. Herrington L. Knee valgus angle during single leg squat and landing in
patellofemoral pain patients and controls. Knee. 2014;21(2):514‐517.

43. Willson JD, Davis IS. Utility of the frontal plane projection angle in
females with patellofemoral pain. J Orthop Sports Phys Ther.
2008;38(10):606‐615.

44. Bell AL, Pedersen DR, Brand RA. A comparison of the accuracy of
several hip center location prediction methods. J Biomech.

1990;23(6):617‐621.
45. Hulcher T. Understanding 3D kinematic and kinetic variables. In:

Thomas S, Zeni J, Winter D, eds.Winter's biomechanics and motor control

of human movement, 5th edition. JohnWiley & Sons, Inc; 2023:145‐170.
46. Bellizzi GL, Will‐Lemos T, Resende RA, et al. Knee kinetics and

kinematics of young asymptomatic participants during single‐leg
weight‐bearing tasks: task and sex comparison of a cross‐sectional
study. Int J Environ Res Public Health. 2022;19(9):5590. doi:10.3390/
ijerph19095590

47. Lewis CL, Foch E, Luko MM, Loverro KL, Khuu A. Differences in
lower extremity and trunk kinematics between single leg squat and
step down tasks. PLoS One. 2015;10(5):e0126258.

48. Coelho VK, Gomes BSQ, Lopes TJA, Corrêa LA, Telles GF,
Nogueira LAC. Knee proprioceptive function and physical perform-

ance of patients with patellofemoral pain: a matched case‐control
study. Knee. 2021;33:49‐57.

49. Nakagawa T, Serrão F, Maciel C, Powers C. Hip and knee kinematics

are associated with pain and self‐reported functional status in males
and females with patellofemoral pain. Int J Sports Med. 2013;34(11):

997‐1002.
50. Greuel H, Herrington L, Liu A, Jones RK. How does acute pain

influence biomechanics and quadriceps function in individuals with
patellofemoral pain? Knee. 2019;26(2):330‐338.

51. Ressman J, Grooten WJA, Rasmussen Barr E. Visual assessment of
movement quality in the single leg squat test: a review and meta‐
analysis of inter‐rater and intrarater reliability. BMJ Open Sport Exerc

Med. 2019;5(1):e000541.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hoglund LT, Hulcher TA, Amabile AH.

Males with patellofemoral pain have altered movements

during step‐down and single‐leg squatting tasks compared to

asymptomatic males: a cross‐sectional study. Health Sci Rep.

2024;7:e2193. doi:10.1002/hsr2.2193

HOGLUND ET AL. | 11 of 11

 23988835, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.2193, W

iley O
nline L

ibrary on [03/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/s24051675
https://doi.org/10.3390/s24061970
https://doi.org/10.3390/ijerph19095590
https://doi.org/10.3390/ijerph19095590
https://doi.org/10.1002/hsr2.2193

	Males With Patellofemoral Pain Have Altered Movements During Step-Down and Single-Leg Squatting Tasks Compared to Asymptomatic Males: A Cross-Sectional Study
	Let us know how access to this document benefits you

	Males with patellofemoral pain have altered movements during step-down and single-leg squatting tasks compared to asymptomatic males: A cross-sectional study
	1 INTRODUCTION
	2 METHODS
	2.1 Study design
	2.2 Participants
	2.3 Materials
	2.4 Procedure
	2.5 Single-Leg squat and Step-Down motion capture
	2.6 Data processing
	2.7 Statistical analysis

	3 RESULTS
	3.1 Demographic and anthropometric parameters
	3.2 Peak angles
	3.3 Range of motion measurements

	4 DISCUSSION
	4.1 Limitations
	4.2 Implications for clinical practice and future research

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	AUTHOR APPROVAL STATEMENT
	TRANSPARENCY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


