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Abstract: The diagnosis of patellofemoral pain (PFP) remains imprecise due to the variable sensitivity
and specificity scores of most clinical tests. More functionally relevant assessments and metrics are
needed to provide better diagnostic insights. A total of 33 participants (control: n =17 [M/F =9/7];
PFP: n =18 [M/F = 2/14]) volunteered for this study. The control group followed no intervention
program, whereas the PFP group completed a joint-specific intervention program at a clinical practice
for 8 weeks. At 0- and 8-week isometric knee extensor torques, unilateral drop jumping metrics,
and anterior knee pain scale (AKPS) scores were collected and analysed. Statistically significant
between-group differences were evident for the reactive strength index (RSI) (Mg¢ = 0.05 m/s,
p = 0.032) and ground contact time (GCT) (Mg = 0.28 s, p = 0.011) but not for peak force (p = 0.390),
jump height (p = 0.721), impulse (p = 0.740), or peak torque (p = 0.359). While controlling for gender as
a confounder, the RSI and GCT showed diagnostic utility for differentiating PFP from healthy controls
(AUC = 0.83-0.87, sensitivity = 0.85-0.91, and specificity = 0.59-0.72). The AKPS score demonstrated
moderate positive correlations with jump metrics (impulse: r = 0.58, 95% confidence interval (CI)
[0.11, 0.83]; RSI: r = 0.50, 95% CI [0.01, 0.80]), accounting for 25-34% of performance variability. The
unilateral drop jump provides useful metrics for differentiating those with PFP from their healthy
counterparts. The RSI and GCT may serve as diagnostic metrics in evaluating PFP patients and can
be coupled with the AKPS to track performance and rehabilitation progress in PFP patients.

Keywords: classification; jumping; sensitivity; specificity

1. Introduction

Patellofemoral pain (PFP) is a multifactorial condition broadly associated with anterior
knee pain that likely stems from altered biomechanical dynamics, causing a loss of tissue
homeostasis rather than actual damage to the knee [1,2]. Moreover, it is a condition that af-
fects both athletic and sedentary populations, accounting for 25-40% of knee complications
reported in sports injury clinics [3,4] and 12-17% in general practice [5]. The evaluation
and diagnosis of PFP, however, remains imprecise due to the variable sensitivity and speci-
ficity scores of most clinical tests, which typically rely on a combination of patient history
(e.g., age, activity), physical examination (e.g., patellar tilt, Q-angle, crepitus, strength), and
functional testing (e.g., squatting, lunging, stair descent) [4,6-8]. If the provocation of symp-
toms is a key factor in the evaluation process, then functional movements that intensify
knee joint loading, such as squatting and jumping, should be selected [9]. More specifically,
weight-bearing exercises involving higher knee flexion angles, such as countermovement
(CM]) and/or drop jumping (DJ) manoeuvres, tend to generate higher patellofemoral loads
and would therefore be good candidates for differentiating those with PFP from those
who do not [9,10]. Recent research has shown that the unilateral DJ typically yields higher
patellofemoral joint peak forces (6.6 + 1.8 bodyweights) compared to the unilateral CMJ
(6.4 £ 1.1 bodyweights), yet the use of the D] within the evaluation of PFP cohorts has
received limited attention [9]. Whether the functional assessment of clinically compromised
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groups could be enhanced with the use of newer technologies such as force plates that
can provide access to insightful metrics linked to nuanced variations and compensations
in performance has also received limited attention [11]. Moreover, to ensure an unbiased
and consistent assessment, any test or metric used in the evaluation of PFP should be
standardized and independent of the specific exercise or rehabilitation program imple-
mented. This means that the evaluation tools must not be influenced by variations in
rehabilitation protocols, allowing for accurate comparisons and reliable measurements
of patient outcomes. As such, the literature has shown that metrics such jumping height,
ground contact time (GCT), the reactive strength index (RSI), and impulse exhibit high
levels of consistency (ICC = 0.85, 0.94, 0.87, and 0.91, respectively), thereby making these
reliable metrics to track performance [12]. Presently, no research has evaluated whether
jumping-based force plate metrics could provide diagnostic insights for distinguishing PFP
patients from healthy controls by providing performance thresholds, thereby presenting a
gap in the current literature.

Given that people with PFP experience more physical, emotional, and social limitations
during sport activities and activities of daily living [13] and PFP may persist over several
years [14] and may lead to patellofemoral osteoarthritis [15], early identification and
rehabilitation is important. The need for better diagnostic tools is also motivated by the fact
that, despite a large body of research dedicated to PFP, the recurrence rates remain high
(40-79%) [14,16]. Although multiple factors may contribute toward the development
of PFP, the evaluation of PFP should also be qualitatively evaluated through the use of
questionnaires, such as the anterior knee pain scale (AKPS), to capture patient-specific
perceptions of pain and functional performance outcomes. The AKPS is a validated
questionnaire used to determine the functional disability of PFP patients [17], but presently,
no research has evaluated whether AKPS scores are associated with kinetic and kinematic
variables in people with PFP, thereby requiring further research.

The objectives of the study were four-fold: firstly, to evaluate within- and between-
group differences for force-plate-derived kinetic and kinematic variables during unilateral
drop jumping; secondly, to evaluate the diagnostic capacity of key force plate-derived
metrics for differentiating PFP patients from healthy controls; thirdly, to establish per-
formance thresholds that optimise between-group differences that may further facilitate
clinical evaluations of PFP patients and healthy individuals; and finally, to determine
the correlations between kinetic and kinematic performance metrics and subjective AKPS
scores in patients with PFP, aiming to improve clinical assessment protocols which may
guide rehabilitation interventions.

2. Materials and Methods
2.1. Study Design

A repeated-measures design was used, consisting of a combination of between- and
within-subject factors [18]. The between-subjects independent variable was group allo-
cation (control group and PFP group) where group assignment was not randomised but
rather specifically divided into the presence or absence of injury. A control group was used
to compare data from the PFP group to evaluate testing consistency. The within-subjects in-
dependent variables were time (repeated measures), and extremity (injured /non-dominant
and uninjured/dominant lower limb).

2.2. Participants

A minimum sample size of 24 was calculated based on a repeated-measures analysis of
variance design that incorporated (i) a within-between interaction, (ii) a moderate effect size
(f = 0.25), (iii) a type-I error rate of 5% (& = 0.05), (iv) a type-II error rate of 20% (3 = 0.20),
(v) 2 groups (control and PFP), (vi) 2 repeated measurements, and (vii) a minimum expected
correlation of 0.50 among the repeated measurements [19,20]. A total of 35 participants
volunteered for the study, of which 17 were part of the control group (female [n = 10] and
male [n =7]) and 18 were part of the PFP group (female [n = 15] and male [n = 3]). Accounting



Appl. Sci. 2024, 14, 11058

30f13

for a potential drop-out of 20%, the minimum sample size for adequate statistical power
was 29 participants. Participants were recruited using a combination of information flyers
and patient referrals from various rehabilitation and performance clinics throughout the
region where the study was conducted. Two participants were lost to follow-up, both in
the PFP group (female [n = 1] and male [n = 1]), due to incomplete data, resulting in a final
sample size of 33 participants.

The inclusion criteria for the PFP group consisted of the following: (i) aged between
18 and 35 years, (ii) could be male or female, (iii) had to exhibit retropatellar and/or
peripatellar pain aggravated by at least one activity that loads the patellofemoral joint
during weight bearing on a flexed knee, such as squatting, stair climbing, jogging/running,
and hopping/jumping, and (iv) had to participate in some form of rehabilitation program
with any practitioner of choice. The inclusion criteria for the control group were the same,
with the exception of points (iii) and (iv).

The specific exclusion criteria for both groups consisted of the following: participants
should not (i) have had previous patellar dislocation or subluxation, (ii) have had previous
injury to or surgery on the knee, and (iii) have had recent (within the last 6 months) injury
to the lower limbs (e.g., Achilles tendinopathies, ankle sprain, etc.).

2.3. Procedures

A general demographic questionnaire was completed first during the physical ex-
amination at our rehabilitation clinic to obtain the participant’s contact details, e-mail
address, age, sex, involved limb, dominant limb, previous injuries and PFP symptoms.
Thereafter, the anterior knee pain scale (AKPS), also known as the Kujula patellofemoral
scoring system, was completed verbally to capture knee-related pathologies where the total
score out of 100 was captured electronically. The AKPS was the chosen questionnaire, as
it was developed specifically for the evaluation of pain and disability in individuals with
PFP [17], showed high test-retest reliability (intraclass correlation coefficient [ICC] = 0.95),
and exhibited moderate responsiveness to clinical change, which implies that the score will
likely reflect meaningful changes in a patient’s condition over time [21].

Body mass and stature were then measured to standardise the effect of jump-landing
forces across individuals [22]. Body mass was measured to the nearest 0.1 kg with an
electronic scale (Seca 874, Seca, Hamburg, Germany) and stature with a portable stadiometer
(Holtain Ltd., Crymych, UK).

A cycle ergometer (Wattbike Pro, Wattbike Ltd., Nottingham, UK) was used for a
ten-minute warm-up at a light effort (RPE = 2; modified Borg scale) prior to the testing for
optimal muscle performance and a reduced risk of injury [23].

After the warm-up, the isometric strength of the knee extensor muscle group was
assessed on an isokinetic dynamometer (Cybex HUMAC Norm II, model CSMi 6000,
Stoughton, MA, USA) which recorded torque data at 100 Hz. Participants were set up on
the isokinetic dynamometer according to manufacturer’s instructions, where the dominant
side in the control group and the uninjured side in the PFP group were measured first.
Briefly, the participant was seated with the rotation scale, fore-aft positions, and monorail
of the rig adjusted such that the axis of rotation of the dynamometer was aligned with
the centre of the knee joint axis. Gravity correction was performed to account for any
potential additional torque induced on the attachment. The knee was positioned at an
angle of 60° relative to anatomical zero, and the participants were then required to exert
maximal knee extension force against the movable arm of the dynamometer for five seconds
per trial. A total of three familiarisation trials with a 30 s rest period between trials
preceded the actual trials, whereafter a one-minute rest period was granted. A total of
5 maximum effort isometric test trials lasting 5 s were recorded for each limb, and pain
levels were monitored by asking the participant to rate pain on a scale of 1-10 throughout
the procedure (where 1 = pain free, 2 = very mild, 3 = discomforting, 4 = tolerable, 5 = very
distressing, 6 = intense, 7 = very intense, 8 = utterly horrible, 9 = excruciating /unbearable,
10 = unimaginable/unspeakable) [24]. Participants were permitted to stop the test if
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pain levels were above bearable levels (>4), although no such instances were recorded.
To ensure that maximal efforts were consistently applied across trials, the coefficient of
variation was evaluated on the dynamometer and had to be <5%, which was achieved by
all participants. The raw torque-time data were exported to Matlab (version R2023b, The
Mathworks, Natick, MA, USA) for processing, where all trials were ensemble-averaged
and the peak torque values retained for analysis.

The evaluation of the unilateral drop jump (D]) was then completed on a tri-axial force
plate (AMTI, Watertown, MA, USA), which was used to measure ground reaction force
at a sampling frequency of 2000 Hz. Participants completed three familiarisation trials on
each leg prior to the test and were granted two minutes of rest to ensure complete recovery
before starting with the data collection. Participants followed the protocol outlined by
Ortiz et al. [25], with only the DJ height being modified according to the recommendations
by Wang and Peng [26]. The unilateral DJ was used since it evaluates the eccentric loading
of the lower extremities to a greater extent, thereby more likely stressing the patellofemoral
joint to accentuate inherent differences between groups [26]. The unilateral DJ was per-
formed by standing with both feet on a 0.25 m platform with hands on hips. On the
instruction “drop”, the participants dropped off the platform by leaning forward and
landed on the jumping leg on the centre of the force plate followed by a maximal-effort
vertical jump immediately upon landing. Participants were also cued to “to jump as high
as you can after landing” in order to standardise the instructions as this could influence
performance [27]. Instructions to “drop” off the step (i.e., not jumping off) can influence
the actual drop height; this was verified by a visual inspection of the video data collected
at the same time. All video data were inspected by the same examiner (GD) for all trials
to standardize the testing procedures. Participants were permitted one minute of rest
between repetitions and were required to complete three repetitions of the unilateral DJ on
each leg. The best trial, according to jump height, was used in the final assessment. Trials
were discarded and subsequently repeated if (i) a noticeable jump” was performed off the
platform, (ii) participants lost balance on landing, and/or (iii) they jumped/stepped off the
force platform following the second landing. The raw force-time data were exported to
Matlab (The Mathworks, Natick, MA, USA) for processing. The force data were smoothed
using a 4th-order, zero-lag Butterworth filter with a cutoff frequency of 50 Hz. The force
data were ‘flipped’ such that the last data point became the first, thereby allowing for the
application of Newton’s second law to calculate the inverse dynamics associated with the
jump (e.g., acceleration—, velocity—, and displacement-time curves) through mathematical
integration [28]. Jump height was calculated using the vertical velocity of the centre of
mass at take-off [29]. The reactive strength index (RSI) was calculated as the ratio of vertical
jump height and ground contact time, the latter being defined as the time (in seconds) from
the initial ground contact to take-off [28]. The impulse was calculated as the area under
the force-time curve during ground contact, and peak force was simply the maximal force
recorded during the contact phase of the drop jump.

2.4. Intervention

Following baseline testing, an 8-week intervention period was initiated. The control
group followed no intervention program, whereas the PFP group completed an intervention
program at a clinical practice of their choice. Most programs included the strengthening
and stretching of the quadriceps, gluteus, and hamstring musculature, as well as proprio-
ceptive exercises that encompassed balancing on different surfaces. The practitioners were
provided with the results of the baseline tests to assist in the design of the rehabilitation
program and were allowed to prescribe the program without interference from the research
group. Upon completion of the intervention, all baseline tests were repeated. Importantly,
the focus of the present study was on the use of various assessment tools (e.g., isokinetic
dynamometer, force plates) and metrics (e.g., RSI, GCT, torque) in the evaluation of individ-
uals with and without PFP and whether between-group differences can be detected using
such approaches. Therefore, the study was designed to assess how effectively these tools
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and metrics can evaluate patient conditions, guide treatment decisions, and potentially
predict rehabilitation outcomes. While rehabilitation is an essential component of patient
care, its specific methodologies are not the primary variables under investigation. The
individualized rehabilitation programs serve as a means to apply the insights gained from
the assessment tools rather than being the subject of study themselves.

Ethics approval was granted by the Human Research Ethics Committee of the univer-
sity and all ethical procedures conformed to the requirements of ethical conduct set forth in
the Declaration of Helsinki.

2.5. Statistical Analyses

All statistical analyses were completed using R and JASP. The data were evaluated for
normality using the Shapiro-Wilk test (stats package), whereby deviations from normality
were accepted when p < 0.05. To appraise between-group differences as a function of time
(pre vs. post intervention) and limb (injured /non-dominant vs. uninjured /dominant) for
each of the kinetic and kinematic drop jump variables, a linear mixed effects model was
used (Ime4 package), which also controlled for the potential effect of gender. Within this
model, the independent variables accounted for the fixed effects and participants accounted
for the random effect. Post hoc analyses were conducted (emmeans package) to evaluate
within- and between-group differences where the Holm correction was implemented to
adjust the p-values for multiple comparisons. Cohen'’s d (effectsize package) was calculated
as the standardized effect size for each between-group comparison and was interpreted as
follows: trivial: <0.2; small: 0.2-0.6; moderate: 0.6-1.2; and large: >1.2 [30].

To evaluate the diagnostic accuracy of jumping-based metrics, a binomial general
linear model (stats package) and a receiver—operator characteristic (ROC) curve analysis
(ROCit package) was conducted to evaluate the sensitivity and specificity of each metric [31].
The area under the curve (AUC) was used to compare metrics and was qualitatively
interpreted as excellent > 0.90; considerable: 0.80-0.90; fair: 0.70-0.79; and poor: <0.70 [32].
For each metric, the optimal cutoff point that maximises the sensitivity and specificity was
calculated using Youden'’s index [33], which allows for the determination of the optimal
threshold for each metric.

The associations between AKPS scores, jumping-based metrics and isometric strength
were evaluated using a correlation analysis (correlation package). The magnitude of the
correlation coefficients was qualitatively interpreted as follows: negligible: 0.00-0.10; weak:
0.10-0.39; moderate: 0.40-0.69; strong: 0.70-0.89; and very strong: 0.90-1.00 [34]. Statistical
significance was accepted at p < 0.05.

3. Results

The anthropometric data of the participants are shown in Table 1.

Table 1. Anthropometric data of the participants (mean + SD).

Pre Intervention Post Intervention
Variable
Control PFP Control PFP
Age (years) 22.13 +£1.99 22.38 + 3.07 22.13 +£1.99 22.38 +3.07
Height (m) 1.73 + 0.08 1.69 4+ 0.08 1.72 + 0.08 1.69 £+ 0.08
Body mass (kg) 73.90 & 16.36 74.37 +12.13 74.45 4+ 15.99 74.44 + 13.27

Note: PFP = patellofemoral pain group.

3.1. Kinetic and Kinematic Data

The results for between-group differences pertaining to unilateral peak force, jumping
height, impulse, the RSI, and peak torque are shown in Figure 1. Once factors such as limb
and gender were controlled for, statistically significant between-group differences were
evident for GCT and the RSI but not for peak force, jumping height, or peak torque metrics.
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Figure 1. Non-parametric inferential results for between-group differences in kinetic and kinematic
parameters. (A) shows peak force; (B) shows jump height; (C) shows the jump impulse; (D) shows
the reactive strength index (RSI); (E) shows the ground contact time; (F) shows the peak isomet-

ric torque. Note: My = median difference; ND = non-dominant limb; Dom = dominant limb;

Con = control group; PFP = patellofemoral pain group; RSI = reactive strength index; horizontal bars

indicate the median value for each metric; d = Cohen’s d with a 95% confidence interval.

3.2. Diagnostic Accuracy

The results for the diagnostic accuracy and cutoff thresholds for key jumping-based

metrics are shown in Figure 2. Importantly, gender was controlled for as a potential con-
founder in the logistic regression analysis to focus on the fundamental between-group
differences. The coefficients for each term in the logistic regression equations are pro-
vided in the Supplementary Materials, which practitioners can use to enhance their
decision making.
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Figure 2. Receiver—operator characteristic (ROC) curve results for RSI, jump height, and jump
momentum. (A) shows the pre-intervention results; (B) shows the post-intervention results. The
optimal threshold for each metric is shown for reference. Note: AUC = area under the curve;
RSI = reactive strength index; GCT = ground contact time.

Both baseline and post-intervention performances indicate that the RSI and GCT met-
rics have considerable diagnostic utility for differentiating PFP from healthy performances
(AUC > 0.80) [28]. Jumping height and impulse seem to show adequate utility (AUC: 0.70-0.80).

3.3. Associations with the Anterior Knee Pain Scale

The results for the associations between AKPS scores and both kinetic and kinematic
parameters are presented in Figure 3, where the associations are ranked from highest to
lowest based on the absolute magnitude of the correlation coefficient.
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Figure 3. Correlation results between kinetic and kinematic parameters and the AKPS for the
PFP group. Top panel shows the correlations between metrics prior to the intervention; bottom
panel shows the correlations between post-intervention metrics. Note: PFP = patellofemoral pain;
AKPS = anterior knee pain scale; inj = injured limb; uninj = uninjured limb; RSI = reactive strength
index; GCT = ground contact time; blue bars indicates positive correlation; red bars indicate
negative correlations.

At baseline, moderate associations are evident between the AKPS score and jumping
based metrics, specifically impulse and the RSI. Following the intervention, isometric knee
extensor torque and the RSI show the largest associations.

4. Discussion

The present study revealed the following novel findings. Firstly, an analysis of the
kinetic and kinematic parameters showed that significant between-group differences were
evident for unilateral jumping-based metrics such as the RSI, and GCT. Secondly, we
established that the RSI and GCT metrics derived from unilateral drop jumping show
promise as potential diagnostic metrics for identifying participants that may exhibit PFP.
Finally, we indicated that the AKPS score (a subjective measure of pain) was moderately
associated with the RSI and impulse scores (objective measures of performance), accounting
for approximately 25-34% of the variability in performance.
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4.1. Kinetic and Kinematic Data

The jumping-based metrics used in the present study (e.g., the RSI, GCT, impulse,
jumping height) were chosen on the basis that they exhibited high levels of consistency,
thereby making them ideal candidates for evaluating jumping-based performances [12].
Statistically significant between-group differences were evident for the unilateral jumping
RSI and GCT, especially for the injured /non-dominant limbs. Evidence has shown that
knee extensor muscle strength can be compromised in the uninjured limb following knee
injury [35] and that muscle strength is associated with RSI performances during unilateral
DJ performances [36]. Intriguingly, no statistically significant differences were evident for
peak isometric torque between groups, which highlights the importance of incorporating
functionally relevant tests as these may invoke greater overall contributions from the knee
joint. Similarly, there was a lack of evidence for between-group differences regarding
unilateral jumping impulse or peak ground reaction force in the present study, which likely
implies similar motor coordination strategies during the take-off phase [37]. Our results
echoed the findings from other studies that implemented unilateral jumping [38] and stair
descent [39] but contradicted those by Nunes et al. [40], who showed 11% greater peak
vertical GRF in individuals with PFP. It is plausible that methodological differences in the
experimental setup may, at least partially, account for some of the differences given that
Nunes et al. [40] used a 0.31 m box for their DJ trials, whereas we used a 0.25 m box. It is
known that box height has a proportional effect on the magnitude of the ground reaction
forces such that greater box heights elicit higher ground reaction forces [41].

The RSI metric, which comprised ground contact time (GCT) relative to flight time
(a surrogate for jumping height), showed discernible between-group differences. Such
a finding was intriguing given that disparities were evident for both the involved and
uninvolved limbs compared to healthy controls. Accordingly, this result may indicate that
the individuals in our sample might have employed a different motor control strategy
during the initial landing and subsequent take-off, which is reliant on the stretch-shortening
cycle and is known to be different in those with functional knee deficits [40,42]. More
specifically, the lower RSI values of the PFP group can largely be explained by the longer
contact duration during the initial landing (i.e., CGT) which may indicate a compensation
strategy to minimise the vertical impulse generation to reduce knee loading [11] and
correlates with the finding that people with PFP have lower rates of the force development
of the muscles around the knee [43]. Although the RSI has been identified as a better
marker of rehabilitation progression in those with ACL reconstruction [42,44], to the best of
our knowledge, there are no previous studies reporting RSI in people with PFP, especially
in terms of its potential value as a diagnostic metric. Studies focusing on the diagnostic
accuracy of various clinical tests used to assess PFP showed that functional tests such
as squatting, stair climbing and kneeling exhibited the highest sensitivity (0.84-0.91) but
demonstrated limited specificity (0.43-0.50) [7,45]. Our study provides partial evidence that
the RSI may serve as a potential diagnostic metric when evaluating those with PFP as part of
a comprehensive testing battery given its sensitivity (0.85) and specificity (0.72). Moreover,
GCT could also serve as potential surrogate given that its sensitivity (0.91) and specificity
(0.59) scores tend to outweigh the majority of other functional diagnostic markers typically
used in the evaluation of PFP patients (e.g., pain during stair climbing, pain during kneeling)
(see Figure 2) [8]. Importantly, the metrics provided in the present study can be easily
derived using force plates, the costs of which have dropped considerably in recent years,
which means that such technologies are no longer the sole domain of specialist institutions.
Although not evaluated in the present study, advances in cell phone technologies and
the development of applications, such as MyJump?2, means that metrics such as jumping
height, GCT, and the RSI can be reliably and validly obtained without access to force plates,
thereby increasing the adoption of such testing in clinical practice [46—48].
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4.2. Associations with AKPS

The AKPS is a qualitative tool used to capture the perception of pain in those with
PFP [49]. Intriguingly, within the PFP group, the AKPS score demonstrated a moderate
positive correlation with the impulse (r = 0.58) and RSI (r = 0.50) values associated with
the uninjured limbs, whereby approximately 25-34% of the variability in performance
could be explained by the AKPS scores alone. More importantly, this indicates that key
jumping-based metrics could be well suited to identify dynamic deficits in people with PFP
as it may capture the motor control hesitancy of this group during dynamic jumping tasks.
A recent systematic review found that RSI relates to improved performance in physical
capacities and sport performance tasks, yet its utility across different injuries is under-
researched [50]. Isometric strength in the injured limb was also moderately correlated with
the AKPS (r = 0.46), implying that 21% of the variability in strength can be explained by
the qualitative perceptions of pain captured by the AKPS score. Other studies on different
performance variables such as sit to stand, trunk side flexion, and hip mobility also found
similar correlations with the AKPS [51]. Therefore, the AKPS can account for a meaningful
portion of the performance in objective performance measures and can be used to help
with tracking progress in the rehabilitation of PFP. Stated differently, a psychological
measure of pain, such as the AKPS score, appears to capture dynamic task variability
where pain apprehension may be a limiting factor in task performance. Importantly, the
simplicity of both the experimental setup and completion of the AKPS would allow for
the more frequent monitoring of the rehabilitation process, which in turn would facilitate
more appropriate decision-making processes. Some research has shown that exercise
selection for the treatment of PFP is often too simplistic or lacks the appropriate progression
for exercise-based therapy to be effective [52]. As such, more regular monitoring could
guide practitioners to more valuable and/or appropriate exercise selection based on the
performance outcomes.

Although there were several benefits connected with this study, there were also a few
limitations. Participants did not follow a standardised rehabilitation program as they came
from different clinical practices and were therefore subject to the guidelines implemented
by their resident practitioner. Future studies may control the specific intervention program
to determine their effect on the measured parameters. However, by demonstrating the
utility of force plates (and the metrics derived from them) across various individualized
programs, the present study provides broad applicability and supports the tools” relevance
in different clinical contexts. Further, the ratio of males versus females differed between the
control and PFP groups, although no other anthropometric differences were apparent. We
used force plates to evaluate kinetic and kinematic parameters, which may not necessarily
be accessible to practitioners. Therefore, although alternative lower-cost technologies
(e.g., MyJump?2) can provide similar metrics, it is unclear whether these tools can exhibit
similar diagnostic insights, therefore providing an avenue for future research.

5. Conclusions

The aim of this study was to evaluate between-group differences for force plate-
derived kinetic and kinematic variables, establish whether diagnostic thresholds could be
determined, and investigate the association of AKPS scores with kinetic and kinematic
parameters in those with PFP. We found meaningful between-group differences in jump
height, the RSI, and GCT, implying that people with PFP have a reduced ability to quickly
transition from eccentric deceleration to concentric acceleration compared to their non-PFP
counterparts. The RSI especially may serve as a diagnostic metric in the evaluation of PFP
patients. Lastly, the AKPS was shown to have a moderate positive correlation with the
RS, impulse, and isometric quadriceps strength in people with PFP, with approximately
21-34% of the variability in the AKPS score being attributed to these variables, making
the AKPS a viable instrument to use in determining functional performance readiness and
tracking rehabilitation progress in people with PFP.
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