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ABSTRACT
Objectives  This study aimed to evaluate the 
effectiveness of a telehealth-based therapeutic exercise 
(TTE) programme with real-time video conference 
supervision for young adult females with patellofemoral 
pain (PFP).
Methods  The study design was a randomised 
controlled trial. Forty-two participants with PFP were 
allocated to either the TTE group or the control (C) group. 
The TTE group received a 4-week telehealth-based 
exercise programme supervised through real-time video 
conferencing, while the C group followed a self-guided 
stretching exercise. Pain intensity was assessed using the 
Visual Analogue Scale, while functional performance was 
evaluated with hop tests and the step-down test. Dynamic 
knee valgus was measured by the frontal plane projection 
angle during a single-leg squat. In addition, the study 
used a specific health questionnaire which evaluated knee 
pain and function, including the self-administered Kujala 
Patellofemoral Questionnaire (KPQ). All outcomes were 
assessed both before and after the intervention.
Results  After the 4-week interventions, the results 
showed a significant interaction between the group 
and the time of pain intensity, functional performance 
and dynamic knee valgus (p<0.001). The TTE group 
demonstrated significant pain reduction (p<0.001) 
and improved KPQ score (p<0.001), while the C group 
showed no significant changes. TTE participants also 
exhibited improved functional performance in the hop and 
step-down tests. Additionally, dynamic knee valgus was 
significantly decreased in the TTE group.
Conclusion  The telehealth-based exercise programmes 
offer a convenient and effective alternative for managing 
PFP symptoms, providing remotely accessible and 
specialised care.

INTRODUCTION
Patellofemoral pain (PFP) is a prevalent ante-
rior knee pain condition in adolescents and 
adults engaging in various physical activities, 

with a prevalence of 7.2%–35.7%,1 2 more 
prevalent in females.3 It is characterised by 
retropatellar pain exacerbated during activ-
ities such as kneeling, running, jumping, 
squatting, prolonged sitting and stair 
climbing.4 The pain and associated symptoms 
often lead to limitations in sports participa-
tion.5

Strong evidence indicates that muscle 
imbalances play a key role in the pathogen-
esis of PFP.6 People with PFP often exhibit 
notable weaknesses in the hip abductor, hip 
external rotator and knee extensor muscles.7 
Hip muscle weakness causes the femur’s 
internal rotation, causing dynamic knee 
valgus.8 Previous evidence reported that 
dynamic knee valgus malalignment is caused 
by internal femur and tibia rotation. The 
femur’s internal rotation might result from 
weakness of the hip muscles, and foot abnor-
malities might cause internal rotation of the 
tibia.9 10 The literature provided evidence that 
in a subgroup of patients with PFP, rearfoot 
and forefoot abnormalities contribute to the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Patellofemoral pain (PFP) is a prevalent anterior 
knee condition affecting adolescents and adults en-
gaged in physical activities and is more common in 
females.

	⇒ Individuals with PFP often exhibit weaknesses in hip 
and knee muscles and neuromuscular deficits, con-
tributing to excessive dynamic valgus motion.

	⇒ Traditional in-person therapeutic exercises are rec-
ommended for managing PFP. Still, access to these 
programmes may be limited by transportation, time 
and financial constraints, prompting the exploration 
of telehealth as an alternative solution.
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pathogenesis of dynamic valgus.10 Recent studies revealed 
that the peroneus and intrinsic foot muscles are smaller 
in those with PFP than in healthy controls.11 12 More-
over, dynamic valgus malalignment influences patellar 
tracking because the lateralised quadriceps force vector 
subsequently leads to lateralisation of the patella.13 An 
imbalance in the vastus medialis obliquus and vastus 
lateralis activation correlates with lateral patellar tracking 
in patients with PFP.14 Therefore, individuals with 
PFP frequently exhibit abnormal control of the lower 
extremity and neuromuscular deficits.15

Exercise therapy stands as a recommended interven-
tion for diminishing pain and improving functionality 
over the long term.16 The evidence showed the efficacy 
of both hip and knee strengthening compared with knee 
strengthening alone for reducing pain and enhancing 
activity levels in individuals with PFP.17 Additionally, 
neuromuscular training can potentially enhance pain 
management and physical function among patients with 
PFP.18 Notably, correcting dynamic knee alignment from 
dynamic knee valgus during functional tasks is a key facet 
of the rehabilitation regimen for individuals with PFP.19 
Moreover, a previous study suggested that patient educa-
tion, including patient-specific advice, information on 
the condition and empowering the patient to manage 
their expectations, was considered essential by clinicians 
and researchers for improving long-term outcomes. It was 
frequently included in PFP trials as part of a combined 
treatment approach or as a comparator.20

While traditional in-person services and therapeutic 
exercises are commonplace in physical therapy, many 
obstacles, especially transportation restrictions, can 

impede access to treatments.21 Moreover, time commit-
ments, motivation issues and financial constraints hinder 
in-person exercise programmes.22 A previous study 
reported that individuals with PFP also had emotional 
problems, and increased fear was linked to high activity 
limitations.23 This may further contribute to motivation 
issues for in-person exercise. In recent years, telehealth 
has emerged as a solution to these challenges, making 
exercise programmes more accessible, affordable and 
appealing for managing chronic knee pain24 and other 
health conditions.25 Therefore, telehealth, which can 
provide personal training, may be a choice to overcome 
the barriers of in-person programmes regarding time, 
psychological and financial issues. However, a previous 
study indicated that telerehabilitation employing phone 
and email, without incorporating videoconferencing, 
did not yield optimal results for individuals with PFP.26 
Moreover, while several studies have demonstrated the 
effectiveness of in-person exercise programmes for PFP 
on dynamic knee valgus,27–29 there is a lack of research 
investigating the impact of telerehabilitation on the 
dynamic knee valgus angle.

Therefore, this study aimed to assess the effective-
ness of a telehealth-based therapeutic exercise (TTE) 
programme using real-time video conference supervision, 
focusing on its impact on pain, functional performance 
and dynamic knee valgus in young adult females with 
PFP.

METHODS
Study design
This study uses a randomised controlled trial design. All 
assessment procedures were conducted in the laboratory 
of the physiotherapy department at Walailak University, 
Thailand, from August 2022 to February 2023. Written 
informed consent was obtained from all participants 
before the study’s initiation. The study has been regis-
tered with the Thai Clinical Trials Registry (registration 
number: TCTR20220720005). The study reporting 
followed the Consolidated Standards of Reporting Trials 
reporting guidelines. No significant methodological 
changes occurred after the trial commenced. Eligibility 
criteria and other trial aspects remained consistent 
throughout the study. Figure 1 provides an overview of 
the study protocol.

Patient and public involvement
All participants provided written informed consent and 
were not involved in the study’s conduct or dissemina-
tion of its outcomes. Public involvement was integrated 
into the development of this project from its early stages. 
The initial research proposal was presented to a group 
of public attendees, who provided valuable feedback on 
various aspects of the study. During this presentation, 
the attendees were invited to offer suggestions regarding 
the protocol and other elements of the project design. 
Based on their input, certain modifications were made 

WHAT THIS STUDY ADDS
	⇒ Building on previous research in PFP, this study examined the ef-
fectiveness of telerehabilitation via video conferencing, addressing 
the limitations of earlier studies that relied only on phone and email 
communication.

	⇒ This study contributed to the literature by addressing a gap in 
research regarding the effects of telerehabilitation, specifically 
through video conferencing, on the dynamic knee valgus angle in 
individuals with PFP.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ Telehealth-based therapeutic exercise programmes provide an 
effective alternative to traditional in-person therapy, significantly 
improving access to rehabilitation services for patients who cannot 
attend in person. By implementing these programmes, healthcare 
practitioners can reach more individuals, particularly in under-
served areas with limited access to specialised care. Technology 
enables flexible treatment plans that accommodate patients’ 
schedules, promoting better compliance with rehabilitation guide-
lines. Ultimately, the practicality and effectiveness of telehealth in-
terventions make them valuable tools for managing PFP, fostering 
innovative, patient-centred approaches in physical therapy that 
enhance the quality of life for individuals with the condition and 
improve overall rehabilitation outcomes.
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to enhance the study’s relevance and accessibility to the 
target population.

Participants
The inclusion criteria involved young adult females aged 
18–40 years18 experiencing anterior knee pain for at least 
3 months.30 Participants were diagnosed with PFP based 
on the criteria from a previous study, which included 
scoring less than 100 on the Kujala Patellofemoral Ques-
tionnaire (KPQ), experiencing retro patellar pain during 
at least two activities such as ascending/descending stairs, 
prolonged sitting with flexed knees, squatting, hopping/
jogging, and kneeling, and reporting pain during patella 
compression and palpation of the patellar facets.2 31 Addi-
tionally, participants had a Visual Analog Scale (VAS) 
score of at least 3 out of 10.18 31 The exclusion criteria 
were a history of knee injury18 or lower extremity joint 
replacement,32 and systemic diseases such as diabetes or 
rheumatoid arthritis.18 Athletes or people with a high 
level of physical activity, based on the Global Physical 
Activity Questionnaire, were also excluded.2 26 33 They 
did not receive any physiotherapy treatment in the last 
6 months and were not using pain-relieving medication 
during the study.18

Randomisation
Participants were randomised into either the TTE group 
or the control (C) group using a method of concealed 
allocation. Randomisation, conducted face-to-face and 
individually, occurred after eligibility was determined 
and the informed consent process was completed. An 

independent researcher, not involved in other assess-
ments or interventions, prepared 42 small opaque papers 
numbered one and two. Participants then randomly 
selected these papers from a box, which determined their 
group assignment. The participants knew only that they 
would receive the exercise intervention; however, they 
were unaware of the intervention for the other group 
and did not know each other. Allocation concealment 
was maintained through sequentially numbered opaque 
containers, ensuring the integrity of the random alloca-
tion sequence and reducing the potential for selection 
bias.

Outcome measures
Pain intensity, functional performance, a specific health-
related questionnaire for PFP and dynamic knee valgus 
were assessed before and after the 4-week interventions. 
The evaluation protocols were administered face to face 
in the laboratory of the physiotherapy department by an 
assessor who was not involved in the interventions for 
either the TTE or C groups and was blinded to group 
allocation. The tools and tests used for monitoring the 
outcomes included the VAS, the self-administered KPQ, 
hop tests, step-down test, and the frontal plane projec-
tion angle (FPPA) during a single-leg squat. There were 
no changes to trial outcomes after the trial commenced. 
The outcomes specified in the protocol were maintained 
without alteration throughout the study period.

For pain evaluation, the VAS was used. The worst 
intensity of anterior knee pain over the past week was 

Figure 1  Consolidated Standards of Reporting Trials diagram of participant flow through the study.
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measured. The VAS is one of the most reliable and vali-
dated methods for self-reporting pain intensity. It involves 
a 10 cm horizontal line, where 0 cm represents ‘No pain’, 
and 10 cm represents ‘Worst pain’.34

The specific questionnaire used to evaluate knee pain 
and lower extremity function in individuals with anterior 
knee pain and PFP was the Thai version of the KPQ. This 
questionnaire consists of 13 questions designed to assess 
pain and lower extremity function. Scores range from 0 
(indicating the worst possible function) to 100 (repre-
senting perfect function). The KPQ has been validated 
and demonstrated excellent test–retest reliability (ICC

2,1
 

0.98).35

For functional performance assessment, hop tests 
and a step-down test were conducted. The hop tests 
included the single-leg hop test, triple hop test, cross-
over hop test and single-leg 6-m timed hop test. The 
testing protocols were based on the previous report,36 
which demonstrated excellent reliability for these 
tests (0.92–0.97). Each hop test was performed for 
three repetitions on the affected limb, with a 2-min 
rest between trials. The single-leg hop, triple hop and 
cross-over hop tests were recorded in centimetres, 
while the single-leg 6-m timed hop test was reported 
in seconds. For the step-down test, participants stepped 
forward and down towards the floor using a 20-cm 
step. One repetition was counted when the heel of the 
descending limb slightly touched the floor. Weight on 
the heel during the step-down test was not allowed, and 
participants then returned to full knee extension. The 
number of steps performed in 30 s was recorded. This 
test had shown a high reliability.37

For the evaluation of dynamic knee valgus, the FPPA 
during a functional task, specifically a single-leg squat 
analysed in 2D, was used. This method has demon-
strated reliability and criterion validity.38 Markers were 
placed on key reference points: the anterior superior 
iliac spine (ASIS), the midpoint of femoral condyles and 
the midpoint of malleoli. Participants were barefoot with 
arms crossed over their chests. Two-dimensional data 
in the frontal plane were captured using a digital video 
recorder (PAL format, 25 frames/s, resolution 720×576 
pixels, Sony HDR-PJ670, Tokyo, Japan) positioned 3 m 
away.39 An assessor guided participants to achieve a 60° 
knee flexion depth in a practice trial. Subsequently, an 
adjustable tripod was placed behind each participant and 
set individually. Participants then performed three repe-
titions per leg, squatting to a 60° knee flexion depth, as 
indicated by their buttocks touching the tripod behind 
them. The descent and ascent were performed with a 
cadence of 2 s each, guided by metronome beats.40 FPPA 
was determined at the squat’s lowest point by the inter-
section of lines connecting ASIS to the femoral condyles 
midpoint and femoral condyle midpoint to the malleoli 
midpoint. Angle measurements were conducted using 
Kinovea software.41 The average of three trials was anal-
ysed.

Intervention/control
All participants received individualised patient education 
regarding PFP pathology after the initial randomisation 
meeting. These activities may provoke knee pain, so tradi-
tional advice on avoiding certain activities, general care 
for PFP and guidance on postural correction are needed.

The TTE group received an exercise programme that 
included hip and knee strengthening exercises. These 
exercises comprised side-lying hip abduction, hip external 
rotation (Clamshell), bridging while holding a small ball 
between the knees and straight leg raising (figure  2). 
Additionally, neuromuscular training consisted of wall 
slides with a mini squat at 45° of knee flexion, forward 
step-up, lateral step-up and step-down (figure 3). These 
exercise choices were based on the positive effects 
demonstrated in previous studies.18 26 32 42

The TTE group participated in an individualised 
exercise programme three times a week for 4 weeks. A 
physical therapist supervised exercises through real-time 
videoconferencing (Zoom or Line VDO). Progress and 
symptoms were monitored via the Line official applica-
tion. Participants performed exercises in a lying position 
on their beds. Standard steps were provided for partici-
pants to take home after the pretest session and return 
after completing the exercise. Before each training 
session, participants completed standardised stretching 
exercises for the quadriceps, hamstrings, iliotibial band 
and calf muscles. Each stretch was held for 30 s with three 
repetitions. Strengthening and neuromuscular exercises 
comprised three sets of 10 repetitions with a 2-s rest 
between, a 60-s rest between sets and a 3-min rest between 
exercises. An average exercise session lasts 60 min. 

Figure 2  Hip and knee strengthening exercises ((A) side-
lying hip abduction, (B) hip external rotation (Clamshell), (C) 
bridging while holding a small ball between the knees and (D) 
straight leg raising).
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Depending on the exercise, progressive resistance for the 
strengthening exercises was achieved using weights or 
elastic tubing. The chosen dosage ensured that the final 
repetitions were challenging while allowing participants 
to maintain high-quality movement control throughout 
the programme. Participants were guided to correct and 
manage pelvic and knee movements using verbal and 
visual feedback for neuromuscular control exercises.27 
Feedback on correct body movements during exercise 
and motivation to reach the target were also provided. 
The use of cold or hot packs was allowed if needed.

The C group participated in identical stretching exer-
cises for the quadriceps, hamstrings, iliotibial band and 
calf muscles, mirroring the routine of the TTE group. 
However, strengthening exercises and neuromuscular 
training were not provided for this group. These stretches 
were conducted thrice weekly over 4 weeks, guided by 
instructional videos (VDO). Like the TTE group, the C 
group received exercise reminders through the Line offi-
cial application.

Sample size calculation
The power and sample size calculations were based on 
the data from a previous study.43 The formula for testing 
two independent means was used to calculate sample 
sizes.44 The mean and SD of the anterior knee pain score 
of groups 1 and 2 were 85.4 (5.8) and 79.1 (7.6), respec-
tively. Initially, a minimum of 19 participants per group 
was determined through the calculations. However, a 
10% dropout rate was factored in. Consequently, the final 
sample size for this study was 21 participants per group.

No interim analyses were conducted during the trial, 
and stopping guidelines were not applicable. The trial 

proceeded according to the predetermined protocol 
without any deviations related to interim analyses or early 
stopping.

Statistical analysis
Statistical analysis was conducted using SPSS for Windows 
V.23 (IBM Corp.). A p value of 0.05 denoted statistical 
significance. The Shapiro-Wilk test confirmed data 
normality. Descriptive statistics were reported, including 
mean, SD and 95% CI. Intervention effects on outcome 
measures were assessed via repeated-measures analysis 
of variance with a 2-by-2 design (two groups and two 
time points). Partial eta squared (η²) indicated effect 
size. Regarding significant group-by-time interactions, 
post-hoc tests for pairwise comparisons were employed to 
identify differences between and within groups. Intention-
to-treat analysis was applied to account for altered results 
from baseline if data were lost during follow-up.

RESULTS
This study initially recruited 65 participants for screening, 
of which 23 were disqualified, leaving 42 participants 
enrolled. Twenty-one participants were randomised into 
the TTE group and the others into the C group. The trial 
concluded as planned, with 42 participants completing 
the study. One participant from the control group 
withdrew due to COVID-19, leading to a dropout. The 
remaining participants completed 12 sessions of exercise 
(three times a week for 4 weeks). Some sessions may have 
been postponed to the next day, but they still maintained 
a frequency of three times per week. Due to the with-
drawal, the intention-to-treat principle was used, and all 
42 participants were included in the analysis (figure 1). 
No harm or unintended effects were observed in either 
group. The participants’ general characteristics were not 
different between the two groups (table 1). Mean (SD) 
values of all outcome measures at baseline and postinter-
ventions are detailed in table 2. Before interventions, no 
significant differences were observed between groups in 
any outcome measures, as indicated in table 2. No addi-
tional analyses, such as subgroup or adjusted analyses, 
were conducted.

Figure 3  Neuromuscular training ((A) wall slides with a mini 
squat at 45° of knee flexion, (B) forward step-up, (C) lateral 
step-up and (D) step-down).

Table 1  Demographic data of participants in the 
telehealth-based therapeutic exercise (TTE) and the control 
(C) groups

TTE group 
(n=21) C group (n=21) P value

Age (years) 20.4 (1.2) 20.1 (1.1) 0.303

Weight (kg) 54.3 (6.4) 54.8 (6.6) 0.814

Height (m) 1.61 (0.53) 1.61 (0.49) 0.856

BMI (kg/m2) 21.1 (2.7) 21.2 (2.5) 0.910

Pain duration 
(months)

21.5 (20.5) 19.0 (20.1) 0.695

BMI, body mass index; C, control.
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Pain intensity and KPQ score
Pain intensity (VAS) and KPQ score showed an interaction 
effect between the group and the time of measurement 
(VAS; p<0.001, F=159.677, η² = 0.800 and KPQ; p<0.001, 
F=105.616, η² = 0.725). After a 4-week intervention, the 
between-group comparison revealed that the TTE group 
significantly improved pain intensity and KPQ score 
(p<0.001) compared with the C group. Moreover, the 
within-group comparison revealed that pain intensity 
decreased and KPQ score increased significantly in the 
TTE group (VAS mean change=−3.73, p<0.001; KPQ 
score mean change=10.91, p<0.001). The C group had 
no significant improvement regarding pain and KPQ 
score (table 2 and figure 4).

Functional performance
All functional performance variables demonstrated an 
interaction effect between the group and the time of 
measurement (single-leg hop test; p<0.001, F=73.565, η² = 
0.648, triple hop test; p<0.001, F=49.978, η² = 0.555, cross-
over hop test; p<0.001, F=68.567, η² = 0.632, single-leg 
6-m timed hop; p<0.001, F=82.762, η² = 0.674, and step-
down test; p<0.001, F=54.545, η² = 0.577). After 4 weeks 
of interventions, there was a significant improvement in 
all functional performance variables of the TTE group 
compared with the C group. Within the TTE group, 
there was a statistically significant increase in the distance 
(p<0.001) for the single-leg hop, triple-hop and crossover 
hop tests. The duration of the single-leg 6-m timed hop 
test decreased significantly. There was also a statistical 
improvement in the step-down test. However, no signif-
icant changes were observed in any of the performance 
variables within the C group (table 2 and figure 4).

Dynamic knee valgus
FPPA revealed an interaction effect between the group 
and the time of measurement (p<0.001, F=74.354, η² = 
0.650). A statistically significant improvement in FPPA 
was found in the TTE group compared with the C group 
after receiving interventions (p<0.001). There was a 
significant improvement in FPPA within the TTE group 
(p<0.001), while no significant change was observed 
within the C group (table 2 and figure 4).

DISCUSSION
Our findings revealed that a 4-week TTE programme 
could relieve pain, improve functional performance 
and decrease the dynamic knee valgus angle. The results 
emphasise the viability of TTE programmes, as indi-
viduals with PFP only need to attend two assessment 
sessions in the physical therapy setting, thereby reducing 
time commitment, lowering costs and minimising work 
absence hours. Moreover, it circumvents transportation 
challenges and curtails follow-up losses. The Zoom and 
Line applications employed in this study were chosen 
for their user-friendly features, facilitating seamless 
video conferencing. The widespread familiarity with 
these applications among adolescents, young adults and Ta

b
le

 2
 

M
ea

n 
(S

D
) s

co
re

s 
on

 c
on

tin
uo

us
 o

ut
co

m
e 

m
ea

su
re

s 
ac

ro
ss

 t
im

e 
b

y 
tr

ea
tm

en
t 

gr
ou

p
, c

ha
ng

e 
w

ith
in

 g
ro

up
, d

iff
er

en
ce

 b
et

w
ee

n 
gr

ou
p

s 
an

d
 p

ai
rw

is
e 

co
m

p
ar

is
on

 
w

ith
in

 a
nd

 b
et

w
ee

n 
gr

ou
p

s

B
as

el
in

e
P

o
st

 4
 w

ee
ks

M
ea

n 
ch

an
g

e 
w

it
hi

n 
g

ro
up

s

T
T

E
 g

ro
up

 
(n

=
21

)
C

 g
ro

up
 

(n
=

21
)

M
ea

n 
d

iff
er

en
ce

 
(9

5%
 C

I)
T

T
E

 g
ro

up
 

(n
=

21
)

C
 g

ro
up

 
(n

=
21

)
M

ea
n 

d
iff

er
en

ce
 (9

5%
 C

I)

T
T

E
 g

ro
up

C
 g

ro
up

M
ea

n 
ch

an
g

e 
(9

5%
 C

I)
P

 v
al

ue
*

M
ea

n 
d

iff
er

en
ce

 
(9

5%
 C

I)
P

 v
al

ue
*

VA
S

, c
m

5.
5 

(0
.9

)
5.

5 
(1

.1
)

0.
0 

(−
0.

6 
to

 0
.6

)
1.

8 
(1

.3
)

5.
4 

(1
.2

)
−

3.
7 

(−
4.

4 
to

 −
2.

9)
†

−
3.

7 
(−

4.
2 

to
 −

3.
3)

<
0.

00
1†

−
0.

1 
(−

0.
8 

to
 0

.4
)

0.
80

1

K
P

Q
, 0

–1
00

79
.6

 (5
.8

)
81

.4
 (6

.0
)

−
1.

8 
(−

5.
8 

to
 2

.2
)

90
.5

 (4
.4

)
81

.4
 (7

.2
)

9.
1 

(5
.4

 t
o 

12
.8

)†
10

.9
 (9

.4
 t

o 
12

.4
)

<
0.

00
1†

0.
1 

(−
1.

5 
to

 1
.6

)
0.

94
9

S
in

gl
e-

le
g 

ho
p

, c
m

82
.7

 (1
6.

6)
85

.9
 (1

5.
2)

−
3.

2 
(−

13
.1

 t
o 

6.
7)

10
4.

0 
(1

6.
2)

86
.0

 (1
4.

7)
18

.0
 (8

.4
 t

o 
27

.7
)†

21
.3

 (1
7.

8 
to

 2
4.

8)
<

0.
00

1†
0.

1 
(−

3.
5 

to
 3

.6
)

0.
97

0

Tr
ip

le
 h

op
, c

m
20

5.
1 

(3
9.

7)
22

0.
6 

(2
8.

7)
−

15
.5

 (−
37

.1
 t

o 
6.

1)
26

5.
0 

(4
6.

1)
22

4.
1 

(3
0.

1)
40

.5
 (1

6.
6 

to
 6

5.
2)

†
59

.9
 (4

8.
5 

to
 7

1.
3)

<
0.

00
1†

3.
5 

(−
7.

9 
to

 1
4.

9)
0.

54
3

C
ro

ss
-o

ve
r 

ho
p

, c
m

17
7.

3 
(3

3.
0)

18
1.

1 
(2

0.
2)

−
3.

8 
(−

20
.9

 t
o 

13
.2

)
23

4.
9 

(4
3.

9)
18

1.
6 

(2
3.

0)
53

.3
 (3

1.
5 

to
 7

5.
2)

†
57

.6
 (4

7.
7 

to
 6

7.
5)

<
0.

00
1†

0.
4 

(−
10

.3
 t

o 
9.

5)
0.

93
3

S
in

gl
e-

le
g 

6-
m

 t
im

ed
 

ho
p

, s
4.

82
 (1

.2
0)

4.
36

 (0
.6

4)
0.

46
 (−

0.
14

 t
o 

1.
06

)
3.

17
 (0

.5
5)

4.
38

 (0
.7

8)
−

1.
22

 (−
1.

64
 t

o 
−

0.
80

)†
−

1.
66

 (−
1.

92
 t

o 
−

1.
39

)
<

0.
00

1†
0.

02
 (−

0.
24

 t
o 

0.
28

)
0.

87
6

S
te

p
-d

ow
n 

te
st

, 
re

p
et

iti
on

9.
1 

(3
.5

)
10

.3
 (2

.8
)

−
1.

1 
(−

3.
1 

to
 0

.8
)

13
.7

 (2
.8

)
10

.8
 (3

.2
)

3.
1 

(1
.3

 t
o 

5.
0)

†
4.

8 
(3

.7
 t

o 
5.

4)
<

0.
00

1†
0.

3 
(−

0.
5 

to
 1

.2
)

0.
49

0

FP
PA

, d
eg

re
e

18
.2

4 
(7

.2
0)

17
.8

6 
(5

.3
4)

0.
38

 (−
3.

57
 t

o 
4.

33
)

6.
90

 (5
.2

1)
19

.0
0 

(4
.5

7)
−

12
.1

0 
(−

15
.1

5 
to

 −
9.

04
)†

−
11

.3
3 

(−
13

.4
0 

to
 −

9.
27

<
0.

00
1†

1.
14

 (−
0.

93
 t

o 
3.

21
)

0.
27

1

*A
d

ju
st

m
en

t 
fo

r 
m

ul
tip

le
 c

om
p

ar
is

on
s:

 B
on

fe
rr

on
i.

†T
he

 m
ea

n 
d

iff
er

en
ce

 is
 s

ig
ni

fic
an

t 
at

 t
he

 0
.0

5 
le

ve
l.

C
, c

on
tr

ol
; F

P
PA

, f
ro

nt
al

 p
la

ne
 p

ro
je

ct
io

n 
an

gl
e;

 K
P

Q
, T

ha
i v

er
si

on
 o

f t
he

 s
el

f-
ad

m
in

is
te

re
d

 K
uj

al
a 

P
at

el
lo

fe
m

or
al

 Q
ue

st
io

nn
ai

re
; T

TE
, t

el
eh

ea
lth

-b
as

ed
 t

he
ra

p
eu

tic
 e

xe
rc

is
e;

 V
A

S
, V

is
ua

l A
na

lo
g 

S
ca

le
.



7Nilmart P, et al. BMJ Open Sp Ex Med 2024;10:e001939. doi:10.1136/bmjsem-2024-001939

Open access

individuals compelled to work from home during the 
COVID-19 pandemic made them particularly accessible. 
Notably, the contemporary demographic, consisting of 
adolescents and young adults, is well acquainted with 
video conferencing applications.

This study is one of the few designed to investigate 
the effects of a telehealth-based exercise programme 
on pain, functional performance and dynamic knee 
valgus in individuals with PFP. Some studies provided 
telerehabilitation for individuals with PFP during 
the COVID-19 pandemic, but they were limited by 
the teleconference methods used26 and by a quasi-
experimental study design without randomisation.45 
Arslan et al did not focus on dynamic knee valgus, which 
is our concern,46 while a recent study has only provided 

the protocol.47 While the effectiveness of traditional, 
in-person exercise programmes in alleviating pain and 
enhancing functional performance among patients 
with PFP is well established, the realm of telehealth-
based exercise programmes remains comparatively 
underexplored and less comprehended. Given this 
context, the outcomes of the current study hold 
significance in informing decision-making processes 
related to physiotherapy rehabilitation programmes 
for patients with PFP. Notably, the results indicated 
that a therapeutic exercise programme for individuals 
with PFP could be conducted via an online platform, 
particularly those involving neuromuscular training. 
These programmes, which necessitate the incorpora-
tion of verbal and visual feedback methods for exercise 

Figure 4  Estimated marginal means for all variables: Visual Analog Scale (VAS), Kujala Patellofemoral Questionnaire (KPQ), 
Hop tests, step-down and frontal plane projection angle (FPPA).
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correction,27 demand intense concentration, lower 
extremity strength and engagement of mechanorecep-
tors in the knee joint.48

Telerehabilitation has successfully addressed muscu-
loskeletal conditions through diverse technological 
avenues, employing various types of technology such 
as mobile phones49 and video conferencing.50 Web-
supported programmes, in which physical therapists 
provide advice through video conferencing, can moti-
vate patients to engage in and manage their exercise 
behaviours safely, feasibly and well accepted.51 In this 
study, individual exercises with real-time monitoring and 
encouragement to reach the goal motivated participants 
to continue with the programme until completing the 
course. Therefore, the compilation of research results on 
the effectiveness of telemedicine healthcare programmes 
may guide the application as an alternative practice and 
be a preparation for dealing with the epidemic situation 
in the future.

The exercise regimen implemented in this study was 
informed by the positive outcomes observed in conven-
tional in-person exercise supervision for patients with PFP. 
Our results demonstrate that remote delivery of both hip 
and knee strengthening exercises and neuromuscular 
control contributed to the pain reduction in PFP. Impor-
tantly, this was achieved via videoconferencing, offering 
instruction, corrections and motivational support. We 
suggested that our exercise programme, developed 
based on several international studies demonstrating its 
effectiveness in individuals with PFP, allow people from 
different countries to participate via telehealth under the 
supervision of their physical therapists.

Quadriceps weakness, particularly in the vastus medi-
alis oblique, has been a focus in exercises for PFP.52 
A previous study has expanded focus to include hip 
abductor and lateral rotator strengthening due to 
observed hip musculature weakness among patients 
with PFP.53 Excessive hip adduction and knee abduction 
excursions in patients with PFP suggest a link to knee 
valgus orientation.54 Combining hip and knee strength-
ening has shown greater effectiveness in pain reduction 
compared with knee strengthening alone, with significant 
improvements noted.17 30 43 Furthermore, neuromuscular 
training in such programmes may enhance hip abductor 
strength and patellar alignment, reducing joint pressure 
and facilitating frontal plane kinematic adjustments. 
Previous studies also confirmed the effect of neuromus-
cular training on pain reduction.27 55 This pain reduction 
leads to improved performance in hop and step-down 
tests, consistent with previous findings.27

Furthermore, the dynamic knee valgus angle in single 
leg squat task, which FPPA represents, was decreased after 
receiving the TTE programme. Our finding revealed 
that hip and knee strengthening exercises combined 
with neuromuscular control exercises could improve 
knee control during functional tasks. Previous studies 
have shown that valgus control instruction exercise,27 
combined hip strengthening and lower limb control 

exercises,56 and hip strengthening,29 could reduce the 
dynamic knee valgus.

Clinical implications
The study illuminated significant clinical implications, 
providing valuable insights into the efficacy of a 4-week 
telerehabilitation programme for individuals with PFP. 
The findings revealed the potential benefits of tele-
health programmes in musculoskeletal rehabilitation by 
relieving pain, enhancing functional performance and 
reducing the dynamic knee valgus angle. Additionally, 
the accessibility and feasibility of telehealth platforms 
like Zoom and Line were highlighted, particularly among 
demographics familiar with video-conferencing applica-
tions. Telehealth-based interventions offered valuable 
implications for physiotherapy rehabilitation decision-
making processes alongside traditional, in-person 
exercise programmes. Therefore, telerehabilitation 
emerged as a viable and effective means of delivering 
exercise interventions for individuals with PFP, suggesting 
broader applications in musculoskeletal rehabilitation.

Limitations
We did not investigate lower limb kinetic and kinematic 
data or proprioception, which could monitor altered 
movements resulting from the programme. Addition-
ally, the strengthening exercises in this study did not 
include exercises for the ankle and foot muscles, which 
may contribute to increased dynamic knee valgus in indi-
viduals with PFP. However, neuromuscular training in 
this programme may help improve muscle performance 
in the lower extremities, including the hip, knee and 
ankle, as indicated by decreased FPPA after the 4-week 
intervention. Moreover, long-term follow-up after the 
intervention was not conducted. Future research should 
include specific exercises targeting the ankle and foot 
muscles and prioritise examining long-term effects to 
confirm the programme’s effectiveness in addressing 
PFP-related challenges and ensuring patients’ well-being.

CONCLUSION
This study demonstrates that a 4-week TTE programme 
for PFP, conducted via real-time videoconference, is 
sufficiently effective in alleviating pain, enhancing lower 
extremity performance, and improving knee control 
during functional tasks. Patients with PFP who cannot 
access in-person exercise programmes with a physical 
therapist can effectively practice the therapeutic exercises 
at home through the specialist-recommended videocon-
ference sessions.
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