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Results: Overall, 8 articles were included in this systematic review. Four articles were related

to hip strengthening exercises, 2 articles to strengthening exercises combined with movement

retraining, and 2 articles to brace and strap. In strengthening exercises, 2 articles did not

demonstrate a significant effect in reducing DKV. In contrast, 2 articles reported a reduction
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1. Introduction

atellofemoral pain (PFP) describes pain
around or behind the patella [1, 2]. The
key symptom of PFP is worsening pain
during the patellofemoral joint (PFJ) load-
ing [3, 4]. The PFJ loading increases in
activities that require knee flexion [5-7].
PFP includes 37% of knee injuries [8].
The prevalence of PFP is reported at 22.7% in the gen-
eral population and 35.7% among athletes [9, 10]. The
prevalence of PFP in male and female populations is
15.5% and 29.2%, respectively [11]. Despite the high
prevalence, the gold standard treatment for PFP has been
unclear and 70% of patients report symptoms of recur-
rence after rehabilitation [12, 13]. Meanwhile, 74% of
PFP patients have restrictions in daily activities, work,
and sports participation [14]. Also, 31% of physical ther-
apists advise patients to prevent sports activities when
experiencing PFP [15]. In addition, 45% of subjects with
a history of PFP may be at risk of developing patellofem-
oral osteoarthritis in the future [16]. However, the etiol-
ogy of PFP remains unknown and has been considered
an interaction between biomechanical, anatomical, and
psychological factors [17].

In the biomechanical field, one of the main hypotheses
accepted in the etiology of PFP is the increase in PFJ
stress [18]. Overall, PFJ mechanics are influenced by
proximal and distal mechanics [19]. PFP patients show
faulty PFJ mechanics and proximal and distal poor dy-
namic control [20]. Changes in lower extremity mechan-
ics can increase the PFJ stress and lead to the PFP occur-
rence [6, 21]. Dynamic knee valgus (DKV) is one of the
faulty lower limb movement patterns that can increase
PF1J stress [21-23]. DKV is defined as a combination of
adduction and internal rotation of the hip, knee abduc-
tion, internal rotation, and abduction of the tibia and foot
pronation. Ahmadi et al. reported that a normal DKV an-
gle should be in the range of 5 to 12 for women and 1 to
9 for men [24]. Consequently, if the subjects have DKV
angles beyond this range, it has a harmful outcome to
the PFJ and the anterior cruciate ligament [25]. Overall,
Herrington (2014) reported that PFP patients have higher
DKYV angles compared to healthy controls, which, if not
corrected, may lead to increased PFJ stress [21]. Wait-
eman et al. (2018) reported that knee valgus and high
knee abduction moment cause patella external tracking
and the PFJ contact area increases in the external area
and causes the PFJ cartilage destruction [26]. In this re-
gard, Powers (2010) believes that DKV in the frontal
plane should be prevented because it leads to unequal
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stress distribution in the PFJ and contributes to the etiol-
ogy or exacerbation of PFP symptoms [27].

In a systematic review of the latest PFP research, Lank-
horst et al. (2012) argued that multimodal treatment pro-
tocols, in addition to the quadriceps muscle, consider the
segmental around the PFJ [28]. Proximal disorders have
received extensive attention during the past decade [14].
Muscle weakness and faulty kinematics of the hip and
trunk in the frontal plane may contribute to the increase
of DKV and subsequently to the PFP occurrence [29].
Overall, adduction and internal rotation of the hip lead
to medial knee displacement, which causes tibia abduc-
tion and foot pronation, resulting in DKV [6, 29]; there-
fore, poor hip control leads to patellar external tracking,
high PFJ stress, and subsequent PFJ cartilage damage
[20, 30]. Accordingly, clinicians have focused on gluteal
muscle weakness and poor dynamic control of the lower
extremities in the assessment, treatment, and prevention
of PFP.

In recent years, the role of hip stabilizers has been
in the studies of subjects and rehabilitation protocols.
Meanwhile, researchers at the fifth consensus of the in-
ternational PFP research meeting, held in Manchester
in 2015, recommended a combination of hip and knee
exercises to reduce pain and improve function [12].
However, few studies have investigated the biomechani-
cal effects of proximal-focused rehabilitation programs
on the dynamic alignment of the lower extremities [29].
Lower extremity faulty biomechanics can be corrected
with active interventions, such as exercise programs
and movement retraining, or with passive interventions,
such as brace and tape [1]. Publishing sufficient details
of active and passive proximal interventions will enable
physiotherapists to make better decisions in designing a
comprehensive protocol [12]. Therefore, the aim of the
systematic review is to the effect of active and passive
proximal interventions on DKV in PFP patients. These
recommendations can be utilized by athletic trainers and
physical therapists to make evidence-based decisions
about which exercises and passive interventions should
be included in PFP rehabilitation and prevention pro-
grams.

2. Methods

We followed the guidelines of preferred reporting items
of systematic reviews and meta-analyses (PRISMA)
2020 for reporting systematic review and meta-analysis
studies [31]. Since the PRISMA statement was designed
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for systematic review and meta-analysis studies, we only
addressed items related to review systematic [32-34]. A
comprehensive search was performed in PROSPERO
and Cochrane library databases to identify previous
similar studies. As a result, the detailed protocol of this
systematic review has not been previously published or
registered.

Table 1 summarizes the problem/population, interven-
tion, comparison, and outcome items to define the inclu-
sion and exclusion criteria. The inclusion criteria were as
follows: Clinical trial articles (experimental and control
or pre-test-post-test design), cohort studies, case-control,
case series, active and passive proximal interventions
in PFP patients, articles in English, assessment of two-
dimensional or three-dimensional DKV angle, articles
limited to the period of 2000 to 2022, and participants
who were PFP patients without other musculoskeletal
problems. There was no limitation in the PFP patient
population. The exclusion criteria were as follows: Re-
view articles, editorials, abstracts, conferences, articles
related to PFJ osteoarthritis, gray literature, interventions
not specifically focused on the hip, and non-English ar-
ticles.

The search strategy was conducted independently by
two rehabilitation specialists (FA & MA). Researchers
used PubMed, Scopus, Web of Science, BioMed Central,
Since Direct, Springer, and Cochrane Library databases
for the online search. Also, Google Scholar was used as a
complementary search engine. The articles were limited
to the period of 2000 to 2022. To search, we used a com-
bination of the medical subject headings (MeSH) frame-
work and the keywords related to the study topic because
many articles are listed in PubMed long before they are
listed with MeSH terms [35]. The operative term “OR”
was used to connect synonyms and the term “AND” was
used to connect categories. According to the recommen-
dation of the Cochrane Handbook, a manual search of
the reference lists of previous systematic reviews and a
citation search of the original record using the Web of

Table 1. PICO index items
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Science were conducted [36]. Table 2 demonstrates the
keywords used in the databases.

The screening process of articles was conducted by
two reviewers (FA & MA) independently in three stages.
First, all the identified articles were saved in the refer-
ence software of Mendeley management. Articles were
listed alphabetically and duplicate articles were removed
by the software from the library. Then, according to the
checklist prepared from the include and exclude criteria,
the title and abstract of the articles were screened. Third,
the full text of the articles that did not provide sufficient
information from the title and abstract were reviewed.

Two reviewers (FA & MA) independently extracted the
data using a predetermined extraction form that included
the following items: Demographic information (name of
the author, year of the publication, purpose, task, sample
size); patients’ characteristics (statistical population, in-
cluding general people or athletes with PFP); type of in-
terventions (hip strengthening exercises, hip movement
retraining, brace and tape of the hip); period (duration of
protocol execution); motion analysis (two-dimensional
or three-dimensional); outcome measurement (DKV
angle assessment); results (the effect of interventions on
DKV).

Two reviewers (FA & MA) independently assessed the
quality of articles using the Downs and Black check-
list. A systematic review reported proper re-test ability
(r=0.88), interrater reliability (r=0.75), and high internal
consistency (KR-20=0.54) for the Downs and Black
checklist [37]. Reporting, internal validity, external va-
lidity, and confounding internal validity are items of
the Downs and Black checklist. The Downs and Black
checklist consists of 27 items. Items 1 to 10 are related
to reporting, 11 to 13 are external validity, 14 to 20 in-
clude internal validity, 21 to 26 are confounding internal
validity, and 27 is power. The scoring of each item was
considered 0 (no), 1 (yes). Items 4 and 5 were scored as

Population Intervention Comparison Outcome
. . ) ) Control group without receiving
A | r-
Patients with PFP ctive and passive proximal inte intervention or pre-test-post-test DKV

ventions

design

PICO: Problem/ population, intervention, comparison, outcome.
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Table 2. Keywords
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Category

Keywords

Biomechanics

Kinematics (MeSH), g-angle, dynamic knee valgus, medial knee displacement, knee abduction, knee collapse

Anterior knee pain syndrome (MeSH), patellofemoral syndrome (MeSH), pain syndrome (MeSH), patellofemoral (MeSH),

Knee patellofemoral pain
Intervention Training (MeSH), exercise (MeSH), rehabilitation (M(?SH), braf:e (MeS.H), movement instruction, movement modification,
gait retraining, taping
Hip Adduction (MeSH), abduction, external rotation, internal rotation (MeSH), proximal, hip
Task Running (MeSH), gait (MeSH), locomotion (MeSH), ambulation (MeSH), walking (MeSH), squatting (MeSH)/landing, stair

ascent, stair descent, jump, hop

MeSH: Medical subject headings.

0 (no), 1 (somewhat), and 2 (yes) [38]. According to the
previous study, the quality of articles was classified into
three categories: High (>70%), medium (40-69%), and
low (<40%) [38].

3. Results

The search in the electronic databases identified a to-
tal of 1098 articles from 2000 and 2022; however, 148
duplicate articles were removed from the library by the
software. In total, 950 articles remained, of which 123
were gray literature, 164 abstracts, and conferences,
327 non-English language articles, 113 were related to
osteoarthritis, and 215 articles did not assess the effect
of proximal interventions on DKV and were excluded.
Finally, 8 articles that met the eligibility criteria were se-
lected for the systematic review [1, 16, 20, 29, 39-42].
Figure 1 shows the PRISMA diagram.

Table 3 shows the summary of the demographic char-
acteristics of the 8 included articles. A total of 4 articles
assessed the effect of proximal strengthening exer-
cises [16, 29, 39, 40], 2 articles examined the effect of
strengthening exercises combined with movement re-
training [20, 42] as well as knee valgus during weight
bearing activities in females. Research on injury preven-
tion and rehabilitation strategies has shown the positive
effects of valgus control instruction (VCI), and 2 arti-
cles investigated the effect of brace and strap-on DKV
[1, 41]. Overall, 285 patients with PFP and 10 healthy
subjects participated in the studies. In active interven-
tions, 4 articles used two-dimensional motion analysis
[39, 40] and 2 articles used three-dimensional motion
analysis [16, 29]. In passive interventions, 1 article used
two-dimensional motion analysis [41] and 1 article used
three-dimensional motion analysis [1].

Orthopedic Science

Table 4 shows the quality of the included articles. The
average quality was 74% (in the range of 59% to 92%),
which indicates the high quality of the articles. Of the
total of included articles, 75% of articles (6 articles) were
of high quality [1, 16, 20, 39, 40, 42] and 25% of ar-
ticles (2 articles) were of medium quality [29, 41]. The
strengths of the included articles are related to reporting
and internal validity- bias. In item 8 of reporting, all arti-
cles had a significant weakness. Other weaknesses of the
included articles were related to external validity (item
12) and internal validity-confounding (items 22 and 26).
In addition, power (item 27) was reported in only 4 ar-
ticles [1, 16, 20, 42].

Active interventions
Exercise

In total, 4 articles investigated the effect of hip strength-
ening exercises on DKV, of which 3 articles had high
quality [16, 39, 40] and 1 article had moderate quality
[29]. Three articles investigated the effect of 8 weeks of
proximal strengthening exercises on DKV [16, 29, 40].
One article reported after 8 weeks of proximal exercise,
no significant effect was observed in reducing knee ab-
duction range of motion during running; however, the
knee abduction moment was decreased [29]. In contrast,
2 articles reported that the DKV angle decreased after 8
weeks of hip strengthening exercises [16, 40]. In addi-
tion, 1 article reported no significant difference in the re-
duction of the DKV angle after 3 weeks of hip strength-
ening exercises [39].
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Figure 1. Preferred reporting items of systematic reviews and meta-analyses diagram

Exercise combining with movement retraining

In total, 2 articles investigated the effect of exercises
and feedback on DKV, both of which had high quality
[20, 42] as well as knee valgus during weight bearing
activities in females. Research on injury prevention and
rehabilitation strategies has shown the positive effects
of VCI. The protocol of movement retraining was as
follows. The patients were taught to keep the pelvis at
a symmetrical level during the exercises and to avoid
adduction and internal rotation of the hip. Verbal feed-
back was provided early in the training sessions, but the
feedback was repeated if the patient did not maintain the
correct position during training. Feedback was removed
over time to encourage self-correction [20, 42] function,
strength, and kinematics in males and females with PFP.
The results of 2 articles showed that the DKV angle de-
creased after 6 weeks.

August 2022. Volume 9. Number 3
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Strap and brace

In total, 2 articles investigated the effect of Powers™
and strap of the hip on DKV which 1 article had high
quality [1] and 1 article had moderate quality [41].
Greuel et al. (2019) reported that the Powers™ brace had
no significant effect despite the reduction in the knee ad-
duction angle; however, the adduction moment increased
significantly [1]. In contrast, Herrington (2013) reported
that the strap significantly reduced the DKV angle [41].
Nevertheless, both articles examined the immediate ef-
fect of the strap [41] and Powers™ [1].

4. Discussion

This systematic review provided an overview of the
potential effect of active and passive proximal interven-
tions on DKV in PFP patients. In summary, the 8 articles
were included [1, 16, 29, 39-41], of which 4 articles

Yalfani A, et al. Active and Passive Proximal Interventions on DKV. J. Res Orthop Sci. 2022; 9(3):123-134.
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Table 3. Demographic information
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Author/Year Purpose Intervention Sample Size Time Task Analysis Outcome Result
Investigating the Range of The' knee
X motion, abduction range
effects of proximal . . .
Earletal. . Proximal knee abduc- of motion did
rehabilitation on . 21 PFP . X
2011 . strengthening . 8 weeks Running 3d tion, and not decrease
lower extremity . patients K
[29] i L exercises internal but the knee
biomechanics in . . .
PEP patients rotation, hip  abduction torque
P adduction decreased.
Investigating the Maximal '
effects of hip-abduc- A decrease in the
hip-abductor . 15 PFP - dynamic angle
el muscle-strength- e atients, LU was observed
2011 . strengthening P ! 3 weeks Running 2d strength . 4
ening . 10 healthy but it was not
[39] : . exercises and L
on biomechanics people statistically
. . peak DKV I
in runners with angle significant.
PFP 8
. Investigating the . The SERF strap
Herrington et effects of serf 12 women Immediate Single-leg Peak DKV brought about a
al. 2013 SERF strap . squat and 2d o
(41] strap on DKV and with PFP effect steo landin angle significant reduc-
PFP P & tion in DKV.
Investigating the
Lee et al. effecﬁ of a weight- Welght- 3f1 track-and- ) A decrease in the
bearing therapeu- bearing field hockey ) Dynamic Q .
2014 . . . . 8 weeks Stairs down 2d dynamic Q-angle
(40] tic of focus on hip therapeutic elite athletes angles was observed
for elite athletes focus on hip with PFP ’
with PFP
Investigating the
Saad et al. effect of thrge . . 40 women Step up and Lower limb Hip exercise
2018 types of exercise Hip exercises . 8 weeks 3d ) . reduced DKV
: L with PFP down kinematics
[16] intervention in angle.
patients with PFP
Investigating the The results
™ suggest that the
effect of powers .
Greuel etal. strap on pain and Powers™ Immediate  Running and Lower limb Powers™ strap
2019 b . P . 24 with PFP g 3d biomechan-  has the potential
lower limb biome- strap effect squatting . .
[1] L . ics to improve ab-
chanics in patients T
with PFP . A
hip motion.
. Investigating the 64 amateur .
Emamvirdi et effect of valgus . . A decrease in the
R R Valgus control female vol- Single-leg Lower limb
al. 2019 control instruction R . 6 weeks 2d . . DKV angle was
) instruction leyball players squat kinematics
[42] on DKV angle in with PEP observed.
patients with PFP
Investigating Combining hip .H|p strer?gtheh—
. the effect of ing exercise with
Aghakeshiza- . strengthen-
attentional focus . . 75 males and an external focus
dehetal. X . ing exercises X .
during training on e females with 6 weeks Squat 2d DKV angle versus an inter-
2021 . . with internal
lower limb kine- PFP nal focus has a
[20] o ) and external
matics in patients focus better effect on
with PFP DKV reduction.
Abbreviations: Pfp: Patellofemoral pain; dkv: Dynamic knee valgus; D: Dimensional. Orthopedic Science

were related to proximal strengthening exercises [16, 29,
39, 40], 2 articles to the combination of exercises with
movement retraining [20, 42] function, strength, and ki-
nematics in males and females with PFP, and 2 articles
to the use of strap and brace [1, 41]. In the following
section, we will discuss the mechanism of proximal in-

terventions.

due to hip muscle weakness [43, 44]. In terms of biome-
chanics, the moment arm of the gluteus medius muscle is
longer than other lower extremity muscles and controls
the frontal plane movement [45]. The hip muscle weak-
ness, especially the abductor and external rotator mus-
cles causes DKV because hip abductors cannot control

hip adduction with eccentric contraction [42] as well as
knee valgus during weight bearing activities in females.
Research on injury prevention and rehabilitation strate-
gies has shown the positive effects of VCI. The theoreti-

Sichanowski et al. [2007] and Ireland et al. (2003) re-
ported that lower extremity kinematics may be altered
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cal basis for proximal strengthening in the treatment of
PFP is that hip weakness causes poor dynamic control
of the lower extremities and increases PFJ stress [29].
Overall, conflicting results on the effectiveness of hip
strengthening on DKV have been reported. For exam-
ple, in active interventions, Ferber et al. (2011) reported
that PFP patients showed a 32.69% improvement in hip
abductor strength after 3 weeks of proximal strengthen-
ing exercises [39]. They report that the increase in mus-
cle strength in this short period is largely attributed to
changes in neural adaptation [39]. However, despite the
decrease in the DKV angle, no statistically significant
difference was observed. In contrast, Lee et al. (2014)
reported that dynamic Q angle decreased after 8 weeks
of proximal strengthening exercises [40]. Therefore, the
period of Ferber et al. protocol to be effective was short
[39]. In this regard, interventions with a period of 12
weeks or more will be more effective than interventions
that are less than 12 weeks [46].

Neamatallah et al. (2020) showed that the kinetic and
kinematic variables of the hip and knee related to the
development of DKV are influenced by gluteal muscle
strength and electromyography activity [47]. The DKV
is mainly controlled by the gluteus maximus and gluteus
medius muscles [48]. The action of the gluteus maximus
is to extension and external rotation of the hip, while the
gluteus medius is primarily a hip abductor [49]. In total,
both muscles coordinately produce a force to prevent
DKYV [47]. In this regard, Bolgla et al. (2008) showed
that the normal strength of the hip abductor and external
rotator prevents the hip internal rotation [50]. Proximal
strengthening exercises alone may not be sufficient to
change movement patterns [20]. Sahrmann (2017) ar-
gued that exercise programs focusing on correcting
abnormal movement patterns are effective in treating
overuse injuries [51]. In this regard, the results of recent
studies show that the combination of proximal strength-
ening exercises with movement retraining may be a
promising approach to improve the clinical symptoms of
PFP patients [20, 42, 52].

Aghakashizadeh et al. (2020) showed that hip strength-
ening exercises combined with movement retraining in-
crease hip abductor muscle strength and decrease DKV
[20]. In addition, Emamvirdi et al. (2019) reported that
valgus control exercises significantly reduce pain and
DKYV [42] as well as knee valgus during weight bear-
ing activities in females. Research on injury prevention
and rehabilitation strategies has shown the positive ef-
fects of VCI. Feedback can be with internal or external
focus [20]. Internal focus requires the individual to fo-
cus on the movement patterns, while external focus pro-
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vides indication related to the environment or movement
outcome [20, 42] function, strength, and kinematics in
males and females with PFP. In a systematic review,
Lankhorst et al. (2012) reported that using external focus
compared to internal focus led to the promotion of motor
function and motor technique [28]. As a result, providing
feedback to subjects during movements can help them to
be movements aware and focus on the space between the
knees and compensatory movements. This approach can
encourage patients to control hip and knee movements
by changing the neuromuscular control of the gluteal
muscles, especially the gluteus medius as the most im-
portant stabilizers of the hip in the frontal and transverse
planes [20]. External focus facilitates motor learning by
using unconscious or automatic processes [20, 42] func-
tion, strength, and kinematics in males and females with
PFP. The benefits of neuromuscular exercises for the
treatment of overuse injuries are time-consuming and
become apparent after 6 weeks [41]. Therefore, clini-
cians are looking for methods to immediately improve
the lower extremity alignment and reduce the PFJ stress
[41]. Passive interventions are relatively inexpensive
and can be used during sports and recreational activities
[1]. The aim of hip brace and tape is to reduce the ad-
duction and internal rotation of the hip in PFP patients
[1, 53]. Greuel et al. (2019) showed that after the ap-
plication of a Powers™ brace in PFP patients, the hip
external rotation increased significantly during running
and single-leg squats. The increase in hip external ro-
tation with the Powers™ brace ranged from 3.5"to 6.4°
[1]. Although pain was significantly reduced with large
effect sizes, biomechanical changes were with small to
moderate effect sizes. A hip brace increases hip external
rotation and reduces hip adduction; Therefore, DKV de-
creases and ultimately leads to a decrease in PFJ stress
[1, 53]. In this regard, Herrington (2013) reported that
after using the strap, pain and DKV decreased [41]. Also,
Greuel et al. (2019) showed that the Powers™ brace led
to an increase in the knee adduction moment during run-
ning and single-leg squats [1]. Therefore, hip correction
in the transverse plane leads to decreased pain and DKV
angle [1].

5. Conclusion

Active and passive proximal interventions are effective
in reducing pain and DKV angle in PFP patients. Com-
pared to passive interventions, active exercises require
multi-joint movements that stimulate proprioception
and facilitate muscle recruitment patterns. As a result,
it should be emphasized that passive interventions are
not recommended as an independent treatment and it is

Yalfani A, et al. Active and Passive Proximal Interventions on DKV. J. Res Orthop Sci. 2022; 9(3):123-134.
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better combined with exercise therapy. Therefore, PFP
rehabilitation and preventive programs should be a com-
bination of active and passive interventions.

This study faced some limitations. Firstly, the sample
size was small. Secondly, the statistical population of
some articles was only men or women. Thirdly, the in-
tervention period was short and the long-term effective-
ness was not determined. Next, in some articles, two-
dimensional motion analysis was used for kinematic
assessment, which has relatively low accuracy compared
to three-dimensional motion analysis. It is recommended
that future studies investigate the effect of passive and
active proximal interventions in both genders, have a
longer follow-up period, and examine a three-dimen-
sional motion analysis system as it increases kinematic
accuracy.
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