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Abstract: (1) Background and purpose: Muscular control and motor function in a patient with
Patellofemoral pain syndrome (PFPS) have not yet been investigated systematically. Therefore, this
review synthesis the previous results about the association of PFPS with gluteus muscle activation,
hip strength, and kinematic characteristic of the hip and knee joint, to deepen understanding of the
PFPS etiology and promote the establishment of an effective treatment strategy. (2) Methods: A
literature search was conducted from January 2000 to July 2022 in four electronic databases: Medline,
Embase, Google scholar, and Scopus. A total of 846 articles were initially identified, and after the
screening process based on the inclusion criteria, 12 articles were eventually included. Means and
SDs of gluteus medius (GMed), gluteus maximus (GMax), hip strength, and kinematic variation of
hip and knee were retrieved from the present study. (3) Results and conclusion: Regarding kinematic
variation, moderate evidence indicates that an increased peak hip adduction was found in PFPS
groups during running and single leg (SL) squat activities. There is no difference in the GMed and
GMax activation levels between the two groups among the vast majority of functional activities. Most
importantly, strong evidence suggests that hip strength is weaker in individuals with PFPS, showing
less strength of hip external rotation and hip abduction compared to the control group. However,
without prospective studies, it is difficult to determine whether hip strength weakness is a cause or a
result of PFPS. Therefore, further research is needed to evaluate the hip strength level in identifying
individuals most likely to associated with PFPS development is needed.

Keywords: patellofemoral pain; proximal muscle strength; lower limb biomechanics; hip strength;
gluteus muscle activation

1. Introduction

PFPS has been described as one of the most perplexing and clinically challenging
chronic disorders [1]. Symptoms usually include diffuse pain originating from the anterior
aspect of the patella, and commonly along the medial aspect of the knee [2]. It therefore
limits suffers’ daily activities that need loading on a flexed knee. There is a high incidence,
especially among runners, with PFPS accounting for 46% of running-related injuries [3].
However, the etiology of this disorder remains vague and controversial [4,5]. This is
reflected in the lack of consensus on how PFPS should be treated clinically.

Considerable research has focused on determining the root cause of PFPS, multiple
factors have been thought to be the possible reason, with various intrinsic and extrinsic
biomechanical characteristics involved. Particularly, one of the intrinsic factors that have
received increasing attention in previous literature is that the abnormal femur kinematic
is being contributed to altered patellofemoral joint (PFJ) mechanics [6]. This concept has
been supported by the work of lee et al. who found that a 30° femur internal rotation
significantly increased the PFJ contact pressure [7]. It also has been proposed that hip
adduction could lead to knee valgus along with increased contact forces acting on the
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lateral facet of the patella [8]. Therefore, it is deemed that structural abnormalities in the
hip movement have been implicated as a contributor to PFPS.

On the other hand, the movement pattern is dominated by neuromuscular control via
coordinating muscle activity, therefore, the relationship between the muscle function of
the lower limbs and the PFPS deserves to be investigated comprehensively. It has been
documented that proximal muscle weakness of the hip is associated with subsequent distal
disorder [9]. Cichanowski et al. indicated that female patients with PFPS had significantly
weaker hip abductors and external rotators than a health group [10]. In addition, the patella
tracking disorder is also thought to be a possible reason for PFPS development, it is a result
of the quadriceps muscle weakness and delayed activation of vastus medialis (VM) relative
to the vastus lateralis (VL). Neptune et al. investigated that a 5 ms VM timing delay is
related to a significantly increased loading in the lateral facet of the PFJ [11].

However, most studies have overlooked a combination role of muscular control and
motor function in subjects with PFPS, this information would further enhance understand-
ing of the etiology of PFPS development and establish an effective treatment strategy.
Therefore, this review is systematically investigating the association of PFPS with gluteus
muscle activation, hip strength, and kinematic characteristic of the hip and knee joints. The
normal and abnormal muscular and kinematic functions of the lower limbs related to PFPS
pathology will be reviewed within the previous literature.

2. Materials and Methods
2.1. Search Strategy and Inclusion Criteria

All selected papers were screened by two authors, and papers deemed appropriate
were divided into one of four criteria:

1.  Knee joint musculature strength in PFPS

- Studies including subjects with a PFPS diagnosed
- Studies evaluated the effects of knee muscular strengthening in subjects with
PFPS

2. Hip joint musculature strength in PFPS

- Studies including subjects with a PFPS diagnosed
- Studies evaluated the effects of hip muscular strengthening in subjects with PFPS

3. Hip joint kinematic variation in PFPS

- Studies including subjects with PFPS diagnosed
- Studies examined the effects of hip joint kinematics on subjects with PFPS.

4. Knee joint kinematic variation in PFPS

- Studies including subjects with PFPS diagnosed
- Studies examined the effects of knee joint kinematic characteristics on subjects
with PFPS.

2.2. Quality Assessment of Selected Studies

A modified version of The Downs and Black Quality Index (DBQI) was used to
conduct the quality assessment of the included studies, it comprises 15 scale items, with
good inter-rater reliability (r = 0.75) [12]. The quality of included studies has been divided
into three classifications based on the score assessment, which are high quality (score > 11),
moderate quality (6 < score < 10), and low quality (score < 5). Two independent authors
examine the included studies, if there is any controversial opinion on the included study
between the two authors, a discussion would be proceeded to reach a consensus. Inter-rater
reliability of each included study was identified using percentage agreement.

2.3. Data Extraction and Analysis

The sample sizes, muscle, kinetic, and kinematic variables of the hip and knee joint,
function activity, and participant demographics (age, mass, height, and gender) were
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retrieved. The means and SDs of each parameter in the included study were extracted.
Extracted data were pooled where at least two included studies evaluated the same variable.
The statistical heterogeneity level of the pooled data was evaluated using x? and I? statistics,
the heterogeneity was defined as p < 0.05. "Level of evidence" is defined as suggested

by Van Tulder et al. including four categories: “strong evidence”, “moderate evidence”,
limited evidence”, and “very limited evidence” [13].

3. Results
3.1. Search Results

A total of 643 articles were initially determined via four electronic databases, and
10 extra articles were identified from the relative reference list. According to the inclusion
criteria, 280 duplicate studies and 15 conference articles were excluded; 241 articles were
retained for the full-text assessment after a screening of titles and abstracts. Finally, 12 arti-
cles were included for systematic review, of those, no prospective studies were identified.
The whole process of searching and screening is presented in Figure 1.
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Figure 1. The screening process of included studies.

3.2. Quality Assessment of Included Studies

As shown in Table 1, the score range of the included studies is based on the Downs
and Black scale, in which 9 articles were identified as high quality with scoring between
11-14, and 4 articles were rated as moderate quality with a scoring between 6 and 10.
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Table 1. Quality assessment of included studies.
Study 1 2 3 5 6 7 10 11 12 15 16 18 20 21 25 Total
Dierks et al., 2008 [14] 1 1 1 1 1 1 1 0 U U 1 1 1 1 U 11
Lack et al., 2009 [15] 1 1 1 0 1 1 1 0 8} U 1 1 1 1 8} 10
Noehren et al., 2012 [16] 1 1 1 1 1 1 1 0 8] U 1 1 1 1 8] 11
Willson et al., 2008 [17] 1 1 0 1 1 1 1 0 U U 1 1 U 1 U 9
Nakagawa et al., 2012 [18] 1 1 1 1 1 1 1 0 8} U 1 1 1 1 8} 11
Barton et al., 2011 [19] 1 1 1 1 1 1 1 0 8] U 1 1 1 1 8] 11
Paoloni et al., 2010 [20] 1 1 0 1 1 1 1 0 U U 1 1 0 1 U 9
Bolgla et al., 2008 [21] 1 1 1 1 1 1 1 0 8} U 1 1 1 1 8} 11
Salsich et a., 2001 [22] 1 1 1 1 1 1 1 0 8] U 1 1 U 1 8] 10
Ireland et al., 2003 [23] 1 1 1 1 1 1 1 0 1 U 1 1 0 1 U 11
Robinson and Nee 2007 [24] 1 1 1 1 1 1 1 0 8] U 1 1 1 1 8} 11
Glaviano and Saliba 2022 [25] 1 1 1 1 1 1 1 0 8] U 1 1 1 1 8] 11

Item 5 is defined as yes = 2, partial = 1, no = 0, U = unclear. All other items are assessed as yes =1, no =0, and
U = unclear.

3.3. Studies Characteristic

Study characteristics are shown in Table 1, including sample sizes of gender and par-
ticipant demographics from included studies. In addition, function activity, pain duration,
muscle activation, kinetic, and kinematic variables can be found in Tables 2 and 3.

Table 2. Specific details about sample sizes, participant demographics, and population source of

included studies.

Stud Sample Size Gender (F:M) Age Range (Mean Age) Height (m), Weight (kg)
udy
PFPS CON  PFPS CON PFPS CON PFPS CON
Dierks et al., 2008 . . 1.71£01m 1.70 £ 0.08 m
[14] 20 20 15:5 15:5 NR (24.1 £ 7.4) NR (22.7 £ 5.6) 65.75 + 1256 kg 63.02 + 9.15 kg
Lack et al., 2009 . . 1.70 £ 0.06 m 1.70 + 0.05 m
[15] 21 20 21:0 20:0 18-45 (27 £ 6) 18-45 (26 = 5) 65+ 10 kg 63+ 7.0 kg
Noehren et al., . . 1.64 +0.05 m 1.65 + 0.07 m
2012 [16] 16 16 16:0 16:0 18-45 (27 £ 6) 18-45 (25 + 4) 574+ 46kg 58.7 + 65 kg
Willson et al., . . 1.66 + 0.08 m 1.66 + 0.06 m
2008 [17] 20 20 20:0 20:0 NR (23.3 +£3.1) NR (23.7 £+ 3.6) 61.7 + 10.6 kg 611+ 54kg
F:1.66 £+ 0.59 m F:1.63 £ 0.73 m
Nakagawa et al., 20 20 20:20 20:20 F:NR (22.3 + 3.1) F: NR (21.8 £ 2.6) 61.1+75kg 59.4 + 73 kg
2012 [18] ’ ’ M:NR (24.2 + 4.4) M: NR (23.5 £+ 3.8) M:1.80 £ 0.51 m M:1.76 £ 0.6 m
77.0 £ 9.6 kg 74.6 £9.1kg
Barton et al., 2011 . . . . 1.6 £84m 1.7+ 84m
[19] 26 20 21:5 16:4 18-35 (25.1 £ 4.6) 18-35(23.4 £2.3) 66.7 + 128 kg 66.0 = 15.4 kg
Paoloni et al., : . 1.71 £ 0.09 m 1.70 £+ 0.09 m
2010 [20] 9 9 72 72 19-45 (28.1 £ 8.1) 21-38 (18.3 £ 5.9) 644+ 95 kg 642 + 108 kg
Bolgla et al., 2008 . . 1.7 £0.Im 1.7 £ 0.1m
[21] 18 18 18:0 18:0 NR (24.5 £ 3.2) NR (23.9 £+ 2.8) 63.1 % 9.1kg 62.1 + 85 kg
Salsich et al., . . 1.73 +£10.3m 1.70+11.3m
2001 [22] 10 10 5:5 5:5 22-55 (36.5 £ 11.1) 21-42 (31.9 £ 7.3) 70.9 + 133 kg 145+ 67.7 kg
Irzlgg;[gg?l" 15 15 150 150  1221(157£27)  12-21(157 +£2.7) 63.1+165kg 56.6 +12.5kg
Robinson and . .
Nee 2007 [24] 10 10 10:0 10:0 12-34 (21.0) 16-35 (26.6) 63.5kg 66.5 kg
Glaviano and . . 1.68 = 6.4 m 1.67 £ 6.5m
Saliba 2022 [25] 20 20 20:0 20:0 NR (21.3 £2.7) NR (20.7 +£2.1) 207 +21.0kg 642+ 95kg

NR = no report; F = female; M = male; CON = control.
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Table 3. Participant activities, muscles, and kinematics variables were evaluated in each included

study.
Study lelilt‘l,?g, al Pain Duration Muscle Strength Muscles EMG Variable Kinematics (Peak)
Dierks et al., 2008 . More than 2 HIP abductor:
Running; IST Hip external
[14] months
rotator
The average
Running magnitude of Peak hip rotation
Lack e[t] il]" 2009 Stair descent gl\l\j[[zi activity (%MVC - Peak hip adduction
- DLD]J average over Peak hip torque
stance period)
Knee flexion; abduction;
Noehren et al., Walkin More than 6 internal rotation
2012 [16] & weeks Hip adduction; internal
rotation
Willson et al., Stair descent NR Knee flexion
2008 [17] Stair ascent Hip flexion
Maximal
GMed voluntary Peak hip adduction
Nak;oglaz\/\ﬁge]t al, SL squat 141':11;;&1138 VM isometric Hip internal rotation
VL contraction Knee abduction
(MVIC)
Barton et al., 2011 . More than 6 Hip, knee, rearfoot, an d
[19] walking weeks forefoot movement in
three planes
. Single leg squat Knee internal rotation
Pazcgcl)gl[;(t)]a L Single leg jump NR Hip internal rotation
Running Hip adduction
Hip abductor: Hip internal rotation
Bolgla et al., 2008 . IST 144 £128 Hip external } ) Hip adduction
[21] Stair descent months
rotator Knee varus
Salsich et al., 2001 IST More than 2 Hl.p abductor: .Kr.lee adducnor}
[22] runnin months Hip external Hip internal rotation
8 rotator Hip adduction
Ireland et al., 2003 More than 3 three HIP abduction
IST Hip external
[23] months -
rotation
Robinson and Runnin More than 2 Hip adduction
Nee 2007 [24] u & months Hip internal rotation
SL squat
Step up; Step GMed
Glaviano and down More than 3 GMax ;
Saliba 2022 [25] Lateral months VMO
step-down VL
Lunge

IST = Isometric strength testing; GMed = Gluteus medius; GMax = Gluteus maximus; VM = vastus medialis;
VL = vastus lateralis; DLDJ = Double leg drops jump landing; SL = single leg.

3.4. Kinematic Variation

In terms of kinematic findings of hip adduction and hip flexion, among the various
function activities, can be found in Figures 2 and 3. There is moderate evidence from two
high-quality studies and two moderate-quality studies exhibited that the PFPS subject has a
greater hip adduction angle than the controlled subject in running activity [I> = 87%, small
significant, SMD = 0.35 (0.01-0.68)] [14-17]. Also, moderate evidence from one high-quality
study and one moderate-quality study indicates a greater hip adduction angle in PFPS than
in controlled subject during single leg (SL) squat [I> = 96%, large significant, SMD = 1.42
(0.87-1.98)] [17,18]. Moderate evidence from one high-quality study [19], and from one
moderate-quality study shows no difference in hip adduction during walking between the
two groups [20]. Additionally, a single moderate-quality study indicates limited evidence
that PHPS has higher hip adduction than controlled SL jump activity [17], but no difference
was found in drop jump and step-down activities [15]. One single high-quality study
indicates limited evidence that hip adduction was reduced in PFPS than in controlled
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subjects [21]. Single limited evidence indicates that hip flexion value in PFPS subjects was
increased in stair descent, but reduced in stair ascent activity [22].

PFPS Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Running
Dierks et al. 2008 8.7 5.2 20 118 389 20 271% -0.66 [-1.30,-0.02] =
Noehren etal. 2012 20 35 16 178 26 16 21.5% 0.70 [-0.02,1.41) |
Souza etal. 2009 16.2 49 21 157 37 20 28.4% 011 [0.50,0.73) -
Willson et al. 2008 135 19 21 107 16 20 22.0% 1.56 [0.85, 2.27] —s
Subtotal (95% CI) 78 76 100.0% 0.35[0.01, 0.68] L g

Heterogeneity: Chi*= 22.33, df= 3 (P < 0.0001); F=87%
Test for overall effect: Z= 2.05 (P = 0.04)

1.1.2 Walking

Barton et al. 2011 76 33 26 7.7 32 20 71.5% -0.03 [-0.61, 0.55)

Paoloni etal. 2010 64 39 9 65 25 9 285% -0.03 [-0.95, 0.89]

Subtotal (95% CI) 35 29 100.0% -0.03 [-0.52, 0.46]

Heterogeneity: Chi*= 0.00, df=1 (P =1.00); F=0%
Test for overall effect Z=0.12 (P =0.91)

1.1.3 SL Squat

Nakagawa etal. 2012 148 7.8 20 108 55 20 761% 0.58 [-0.05,1.22) i
Willson et al. 2008 129 11 20 83 11 20 23.9% 410[2.97,5.23] —_—
Subtotal (95% CI) 40 40 100.0% 1.42[0.87, 1.98] >

Heterogeneity: Chi*= 28.28, df=1 (P < 0.00001); F= 96%
Test for overall effect: Z= 5.04 (P < 0.00001)

1.1.4 SL Jump

Willson et al. 2008 726 09 20 36 05 20 4.93[3.63,6.22)
_i_
1.1.5 Drop Jump
Souza et al. 2009 26 51 21 02 54 20 0.45[-0.17,1.07] |
1.1.6 Step Down
Souza et al. 2009 146 51 21 13 38 20 0.35[-0.27,0.97] 1
1.1.7 Stair Descent
Bolgla et al. 2008 06 36 18 27 39 18 -0.55[-1.21,0.12) |

4 2 0 2 4
Reduced in PFPS Greaterin PFPS

Figure 2. Hip adduction among the variety of function activities [14-21].

PFPS Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total IV, Fixed, 95% Cl IV, Fixed, 95% CI
6.1.1 Stair descent
Salsich eta. 2001 3014 414 10 2613 6.81 10 4.01 [-0.93, 8.95) B —
6.1.2 Stair ascent
Salsich eta. 2001 65.84 692 10 68.43 564 10 -259[-8.12,2.94) I .
-20 -10 0 10 20

Reduced in PFPS Greaterin PFPS
Figure 3. Hip flexion angle between the PFPS and control in different functional activities [22].

Hip internal rotation between PFPS and controlled subject among various functional
activities can be found in Figure 4. Moderate evidence from two high-quality studies [14,16]
and three moderate-quality studies showed no difference in hip internal rotation during
running between PFPS and control groups (I = 95) [15,17,20]. Limited evidence from
one high-quality study and from one moderate-quality study indicate that there was no
difference in hip internal rotation between the two groups (I> = 98%) in SL squats [17,18].
In addition, there is limited evidence showing an inconsistent result of hip internal rotation
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value among the five different functional activities between PFPS and control groups, such
as a reduced hip internal rotation in PFPS was identified in walking and stair descent
activities by two single high-quality studies [19,21], and an increased hip internal rotation
in PFPS was found in drop jump and step-down activities by one single moderate quality

study [15].

PFPS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.1.1 Running
Dierks etal. 2008 51 6.8 20 6 54 20 32.8% -0.14 [-0.76, 0.48]
Noehren etal. 2012 98 4.2 16 52 33 16 21.9% 1.19[0.43,1.95] =
Paoloni etal. 2010 o 0 0 0o 0 0 Not estimable
Souza etal. 2009 118 69 21 42 34 20 26.8% 1.36 [0.67, 2.05) N
Willson et al. 2008 3.7 09 21 62 11 20 18.4% -2.45[-3.27,-1.62) —_—
Subtotal (95% CI) 78 76 100.0% 0.13[-0.23, 0.48] L 2

Heterogeneity: Chi*= 57.73, df = 3 (P < 0.00001); F= 95%
Test for overall effect Z= 0.70 (P = 0.48)

3.1.2 SL Squat

Nakagawaetal. 2012 127 61 20 96 51 20 78.3% 0.54 [-0.08,1.17] Hil-
Willson et al. 2008 126 08 20 49 08 20 217%  -446[566,-326) —=—
Subtotal (95% Cl) 40 40 100.0%  -0.54[-1.10,0.02] <P

Heterogeneity: Chi*=52.10, df=1 (P < 0.00001); F= 98%
Test for averall effect: Z=1.91 (P = 0.06)

3.1.3 Walking
Barton et al. 2011 7 66 26 118 69 20 -0.70[-1.30,-0.10) —

3.1.4 SL Jump
Willson et al. 2008 1.7 1 20 576 1.2 20 -3.60 [-4.64,-2.57) ——

3.1.5 Drop Jump
Souza et al. 2009 45 7.2 21 -055 48 20 0.81[0.17,1.44) o

3.1.6 Step Down

Souza etal. 2009 68 69 21 -02 34 20 1.25[0.58,1.93) —
3.1.7 Stair Descent
Bolgla et al. 2008 207 72 18 108 8 18 -1.13[-1.84,-0.42) s
N N S I

Reduced in PFPS Greaterin PFPS

Figure 4. Hip internal rotation angle between PFPS and control group among the various functional
activities [14-21].

There is no pooled result regarding knee kinematics between PFPS and control groups
due to the insufficient data, and only limited evidence can be obtained on the basis of a
single study (Figures 5-7). In terms of knee flexion, a reduction value has been found
in PFPS compared to the control group in one high-quality study conducted walking
activity [19], and one moderate-quality study conducted in a stair ascent activity [22], no
difference was found in the stair descent activity [22]. For knee abduction, one single
high-quality study of walking activity indicates a smaller value in PFPS [19], and two
single high-quality studies of SL squat and stair descent activities indicate a greater value in
PEPS [18,21]. For knee internal rotation, one single high-quality and one moderate-quality
study indicates a reduction value in PFPS when compared to the control group in walking,
running, and SL jump activity [17,19].
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PFPS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
4.1.1 Walking
Barton et al. 2011 167 &3 26 188 55 el -0.38 097, 0.241] —T
4.1.2 Stair descent
Salsich et al. 2001 9.6 B.13 10 89148 BT 10 0.01 [-0.86, 0.89] -
4.1.3 Stair Ascent
Salgich et gl 2001 G9.3 B.82 10 738 607 10 -0.67 [-1.487, 0.24] —t

N T

Reduced in PFPS GreaterIn PFPS

Figure 5. Knee flexion angle among the various functional activities [19,22].

PFPS Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fined, 95% CI
2.1.1 Walking
Barton et al. 2011 -9 24 26 01 31 20 -1.00[-2.76, 0.76] —
2.1.2 SL squat
Makagawa et al. 2012 92 A4 20 A8 34 20 340075, 6.09] B E—
2.1.3 Stair descent
Bolgla etal 2008 A8 &3 18 29 8 18 280153, 7.33] N S —

10 5 0 5 10

RFeduced in PFPS  Greaterin PFPS

Figure 6. Knee abduction angle between the PFPS and control among the various functional activi-
ties [18,19,21].

PFPS Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.1.1 Walking
Barton et al. 2011 108 46 X 118 44 0 -1.00-3.65,1.65)] -t
1.1.2 Running
Willson etal. 2008 -44 1.3 20 -1.28 1.9 20 -312[-413,-2.11] —
1.1.3 SL jump
Willson et al. 2008 -3.29 1.2 200 27 21 20 -5.549[-6.65,-4.53] —

10 5 0 5 10

Reduced in PFPS  Greaterin PFPS

Figure 7. Knee internal rotation angle between the PFPS and control group among the various
functional activities. 3.5. Hip strength and torque [17,19].

3.5. Hip Strength and Torque

The Strong evidence from four high-quality studies indicates a reduction value of hip
external rotation strength in PFPS [12 = 4%, small significant, SMD= —0.86 (—1.23 to —0.49)],
also a reduction value of hip abduction strength in PFPS [I? = 34%, small significant,
SMD = —0.94 (—1.31 to —0.57)] [14,21,23,24] (Figure 8). Furthermore, in terms of hip
torque, moderate evidence from one high-quality study and one moderate-quality study
indicates a reduced hip abduction torque [I?> = 35%, small significant, SMD = —0.68 (—1.13
to —0.23)] [14,21,23,24], and a reduced hip extension torque [12 = 35%, small significant,
SMD = —0.77 (—1.23 to —0.32)] in PFPS compared to the controlled subject (Figure 9).
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PFPS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.1.1 Hip external rotation
Baolgla etal. 2008 113 37 18 142 31 18 289.3% -0.83-1.81,-014] —a—
Dierks etal. 2008 56 1 20 62 1.4 20 3.6% -0.46 [F1.09,0.17] —r
Ireland et al. 2003 o8 4 15 168 44 18 221% -1.21 [-2.00,-0.43] —
Robison and Mee 2007 16 B 10 23 4 10 14.0% -1.31 [F2.30,-0.33] -
Subtotal (95% CI) 63 63 100.0% -0.86 [-1.23, -0.49] L
Heterogeneity: Chi*= 314, df=3(F=037);F=4%
Test for overall effect Z=4.53 (P = 0.00001)
5.1.2 Hip abduction
Baolgla etal. 2008 225 54 18 303 107 18 291% -0.88 -1.87,-0.149] —=
Dierks etal 2008 183 272 20 173 216 00 379% -0.81 [-1.46,-0.17] —=—
Ireland et al. 2003 233 B9 15 314 &2 15 213% -1.20[-1.99,-0.41] —
Rabisan and Mea 2007 16 8 10 22 3 10 157% -0.95 [-1.859,-0.01] —
Subtotal (95% CI) 63 63 100.0% -0.94 [-1.31, -0.57] L J
Heterogeneity: Chi*= 060, df= 3 {F = 0.580); F= 0%
Test for overall effect: £=4.97 (P = 0.00001)

-4

20 : 4

Reduced in PFPS Greaterin PFPS

Testfor subaroun diferences: ChiF= 010 df=1{F=075. F=0%

Figure 8. Hip strength in isometric strength testing [14,21,23,24].

PFPS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI I, Fixed. 95% CI
6.1.1 Hip abduction torgque
Makagawa et al. 2012 06y 0.2 20 081 018 200 458% -0.70 [-1.34, -0.06] i
Souza et al. 2009 1.38 0.4 20 162 026 20 a0.2% -0.66 [-1.249,-0.0Z] -l
Subtotal (95% CI) 40 40 100.0% -0.68 [-1.13,-0.23] L 2
Heteragenaity: Chit=0.01, df=1 {P=082) F= 0%
Testfor overall effect; 2= 2.95 (P =0.003)
6.1.2 Hip extension torque
Makanawa et al. 2012 044 012 20 043 042 20 498% -0.74 [-1.38,-0.09] —i
Sauza et al. 2009 1488 045 21 235 038 200 a0.2% -0.81 [-1.445,-0.17] -
Subtotal (95% CI) 41 40 100.0% -0.77 [-1.23, -0.32] L
Heterogeneity: Chi®=0.03, di=1 (P = 0.86), F= 0%
Testfor averall effect 2= 3.35 (F = 0.0008)

-:1 T T T

Reduced in PFPS

Figure 9. Hip torque [15,18].

3.6. Muscle Activation

-2 i] 2 4
Greaterin PFPS

As shown in Figures 10 and 11. In the SL squat activity, strong evidence from two
high-quality studies indicates a reduction value of GMed activation in PFPS compared
the to control group [I? = 85%, small significant, SMD = —0.86 (—1.33 to —0.39)], but no
difference was found in GMax activation [IZ = 69%, SMD = —0.3 (—0.75 to —0.14)] [18,25]. In
the step-down activity, moderate evidence from one high-quality study and one moderate-
quality study shows no difference in GMed activation [I? = 6%, SMD = 0.1 (—0.34 to 0.54)]
and GMax activation [I2 = 92%, SMD = 0 (—0.45 to 0.46)] between two groups. Limited
evidence from a single study demonstrates no difference in GMed activation between the
two groups in running, lateral step down, and drop jump activity [15,25]. Limited evidence
from one single high-quality study indicates a higher and lower GMed activation in step-up
and lunge tasks respectively [25]. Limited evidence from one single moderate-quality study
and one single high-quality study indicates no difference in GMax activation in drop jump
and lunge activity between the two groups, but higher GMax activation in PFPS during

running and step-up activities [15,25].
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 SL squat
Glaviano and Saliba. 2022 391 193 20 634 96 20 431% -1.56 [-2.28,-0.85) ——
Nakagawa et al. 2012 208 68 20 232 76 20 56.9% -0.33 [-0.95, 0.30] ——
Subtotal (95% CI) 40 40 100.0% -0.86 [-1.33, -0.39] -
Heterogeneity: Chi*= 6.50, df=1 (P = 0.01), F=85%
Test for overall effect: Z= 3.58 (P = 0.0003)
1.1.2 Step Down
Glaviano and Saliba. 2022 128 641 20 138 83 20 49.7% -0.13[-0.76, 0.49)
Souza etal. 2009 17 6 21 15 6 20 503% 0.33[-0.29,0.94)]
Subtotal (95% CI) 41 40 100.0% 0.10 [-0.34, 0.54]
Heterogeneity: Chi*=1.07, df=1 (P = 0.30); F= 6%
Test for overall effect: Z= 0.44 (P = 0.66)
1.1.3 Running
Souza et al. 2009 28 13 21 27 N 20 0.08 [-0.53, 0.69]
1.1.4 Lateral step down ]
Glaviano and Saliba. 2022 469 26.7 20 402 149 20 0.30[-0.32,0.93]
1.1.5 Drop Jump
Souza et al. 2009 28 15 21 3 N" 20 -0.15[-0.76, 0.46)
1.1.6 Step up
Glaviano and Saliba. 2022 42 198 20 301 139 20 0.68 [0.04,1.32]
1.1.7 Lunge |
Glaviano and Saliba. 2022 285 118 20 337 145 20 -0.39[-1.01,0.24)

-2 A1 0 1 2

Reduced in PFPS Greaterin PFPS

Figure 10. GMed activation among the functional activities [15,18,25].

Experimental Control
Study or Subgrou Mean _SD Total Mean
2.1.1 SL Squat
Glaviano and Saliba. 2022 369 193 20
Nakagawa etal. 2012 223  B41 20
Subtotal (95% CI) 40
Heterogeneity: Chi*=3.18, df=1 (P =0.07); F= 69%
Test for overall effect. Z=1.33 (P=0.18)

504 172
2117 71

2.1.2 Step down

Glaviano and Saliba. 2022 369 15 20 504 172
Souza etal. 2009 15 9 pal 9 5
Subtotal (95% CI) 41

Heterogeneity: Chi*=12.21, df=1 (P = 0.0005); F=92%
Testfor overall effect: Z= 0.01 (P = 0.99)

2.1.3 Running

Souza et al. 2009 44 311 21 23 1"
2.1.4 Drop jump

Souza et al. 2009 30 10 21 32 10
2.1.5 Step up

Glaviano and Saliba. 2022 424 N7 20 236 149
2.1.6 Lunge

Glaviano and Saliba. 2022 299 119 20 327 1841

SD_Total Weight

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% CI

20 483%  -0.72[1.37,-0.08)
20 51.7% 0.09 [-0.53, 0.71]
40 100.0%  -0.30[-0.75, 0.14]
20 493%  -0.82[1.47,-0.17)
20 50.7% 0.80 [0.16, 1.44]
40 100.0% 0.00 [-0.45, 0.46]
20 0.87 [0.23,1.52)
20 -0.20 [0.81, 0.42)
20 0.99 [0.33, 1.65)

20 -0.18[-0.80, 0.44]

_—
+
D

-4

2 0 2 4
Reduced in PFPS Greater in PFPS

Figure 11. GMax activation between PFPS and control group among the various functional activi-

ties [15,18,25].

4. Discussion

This systematic review identified 12 published articles evaluating muscle activation,
hip strength, and kinematic characteristics associated with PFPS among the various func-
tional activities. There is currently demonstrated moderate to strong evidence that no
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significant difference in hip and knee kinematics was found between PFPS and control
groups, except for moderate evidence identified the small and moderate significant as-
sociation of PFSP with increased peak hip adduction in running and SL squat activities.
PFPS was also associated with reduced strength and torque of hip internal rotation and hip
abduction compared with controls. In addition, moderate evidence indicates that only a
small significant association between PFPS and reduced GMed activation was identified
during SL squat activity, but there is an association between PFPS and GMax activation in
all measured activities.

Nine included studies that evaluated the peak value for hip kinematics during various
functional tasks and seven evaluated knee kinematics. Only peak hip adduction was
found to significantly differ, with moderate evidence indicating an increased peak value
during running and SL squat tasks. This result in the running task is consistent with a
systematic review that investigated the kinematic gait characteristics related to the PFPS [25].
Conceptually, excessive hip adduction angle in the PFPS subject could increase the dynamic
Q angle which may lead to higher patellofemoral joint stress [26]. It has been identified
by cadaveric simulations that increased Q angle contributed to greater compression force
on the lateral aspect of the patella. Particularly, excessive hip adduction in female runners
could be considered an important contribution to increase knee joint stress in running
where there is repetitive exposure to high loads [25]. But this kinematic pattern is not
consistent across all studies and functional activities, such as moderate evidence derived
from the two included studies shows no difference in the walking task, also single studies
showed no difference in the SL jump and step-down task. The discrepancy in results
among various functional tasks may be attributable to a different method, such as the
use of different kinematic models, as we observed that the vast majority of kinematic
measurements were different in the included studies. About hip rotation during running
and SL squat, there was no difference between the PFPS and controlled subject according
to the pooled results. This finding is inconsistent with Arazpour et al. as they concluded
a controversial consequence of hip rotation in PFPS subjects based on several studies,
suggesting it is relevant to differences in the methodology factor, data analysis method, and
participant selection [27]. Fundamentally, they were unable to perform the mate analysis
to integrate data and provide a synthesis result. Also, we must admit that we failed to
show the pooled results of knee kinematics among the various functional tasks because
few studies were identified based on the inclusion criteria.

There is strong evidence that demonstrated a significant association between PFPS
and hip muscle weakness with less strength of hip external rotation and hip abduction.
Among the included studies, Ireland et al. first identified hip external rotator and abductor
weakness in female patients with PSPFE. Especially, they identified a reduction of 36%
in hip external rotator strength and 26% in hip abductor strength in subjects with PFPS
than those controlled [23]. The repetitive femur excessive adduction and internal rotation
during movement could lead to lateral patella tracking and increased contact pressure
in the later aspect of the patella. Consequently, the patella alignment could increase the
incidence of PFPS development [28-30]. In general, the results of weak hip strength in PFPS
subjects were consistent among the included studies, which all used similar methods to
assess hip muscle strength, such as test equipment, standard test positions, and handheld
dynamometer placement. The standardized methodology has enabled the ability to make
a meaningful conclusion. However, caution must be taken when considering improving
hip muscle strength as a clinical treatment strategy for PFPS patients, because without
prospective studies investigating the PFPS development in the patient, it is difficult to
define whether the hip weakness is a precursor of PFPS or whether it is a result of disuse
atrophy or motor control after PFPS [23]. On the other hand, previous studies demonstrated
the interrelationship between hip weakness and altered lower limb kinematics [31,32].
However, according to the currently pooled results of hip and knee kinematic characteristics,
only a small significant association of PFPS and hip adduction was found during running
and SL squat activities, suggesting that hip muscle weakness may not necessarily lead to
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a change in hip and knee kinematic. In addition, it may have to do with the fact that the
chosen task is not challenging enough, such as stair descent, step down, walking, lunge,
and drop jump.

What's more, one of the important factors related to hip strength in PFPS patients
should be mentioned, such as femoral anteversion, which is thought to have a direct impact
on patellar tracking, and excessive femoral anteversion is significantly associated with
the increased patellofemoral contact pressure. Nyland et al. demonstrated that subjects
with increased femoral anteversion caused a reduction in the peak hip abductor with
peak glutes medius EMG amplitude decreased by 34% and peak vastus medialis EMG
decreased by 27% in isometric functional measurement [33]. Femoral abnormal alignment
with the disturbed muscular function of the hip joint directly influences the joint stability
of the lower extremity. Besides, it has been suggested that femoral anteversion could
cause an increase in the Q angle. Nonetheless, a greater Q angle would lead to a larger
lateral vector and increase lateral patellar tracking compared to the smaller Q angle [32].
Unfortunately, the parameter of the femoral anteversion was not included here, due to this
systematic review was mainly focused on the dynamic activities under weight-bearing.
Also, in the published systematic reviews which included the factors related to PFPS, such
as Lankhorst et al. examined 523 variables including 47 studies, but femoral anteversion
was still ignored [34]. Considering the presence of increased femoral anteversion was
very common in females, which would pose a higher potential risk for PFPS development,
therefore, this factor deserves higher attention.

There is no difference in GMed and GMax muscle activation between the two groups
for the various functional activities, except a small significant association of PFPS and a
reduction in GMed activation in SL squat. This result is coordinated with a previously
published systematic review, in which the relationship between gluteal muscle activity
and PFPS has been investigated, they suggested that the gluteal muscle activation level is
less important in the pathology of PFPS. Moreover, they found that delayed and shorter
duration of GMed respect with GMax is significantly related to PFPS [10]. Similarly, a
previous study indicated the same GMed activation level between the health and PFPS
group in the functional activity of running, drop jumping, and stepping down, concluding
that there is compensated strategy in the PFPS patients whose trunk lean over the ipsilateral
hip could minimize the gluteus muscle force to stabilize the pelvis [35]. In this research,
we only focused on the gluteus muscle activation during various functional activities. The
association of PFPS with quadriceps activation has received wide attention, and clinicians
historically prescribed quadriceps exercise in PFPS patients. Systematically, Fagan and
Delahunt have summarized that quadriceps retraining provided good clinical outcomes in
patients with PFPS [9]. Additional information in terms of the interrelationship between
hip muscle function and knee joint biomechanics deserves further investigation.

Overall, the association between hip strength deficits and PFPS can be demonstrated
based on the pooled findings, even though it is still vague to identify whether it is an initial
cause or a final result of PFPS, hip strengthening as an incorporation strategy in the PFPS
treatment is recommended. As previous randomized controlled trials have indicated that
hip strengthening could further benefit in relieving patellofemoral pain and optimizing
function in female patients with PFPS [36—40].

Some limitations existed in the current research, such as the kinematic measurement
being widely different among the included studies, which may cause result bias when
comparing kinematic data with each other in a specific functional activity. Also, we did not
critique kinematic models used in the included studies, because there is currently a lack
of effective evaluation tools to do so. Indeed, this is a paramount consideration in future
kinematic measurements. The majority of participants are female in the included studies,
in which more than half studies only investigated the difference between the two groups of
female subjects. Although there is a higher incidence of PFPS development in females than
males, the biomechanical mechanisms of PFPS should be included equally in female and
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male subjects in general use. Therefore, the sex bias must be considered when interpreting
pooled results of this review.

5. Conclusions

The current systematic review investigated the association of PFPS and hip strength,
gluteus muscle activation, and kinematic variation of hip and knee joints. There is no
difference in the GMed and GMax activation levels between the two groups among the
vast majority of functional activities. Regarding kinematic variation, moderate evidence
indicates that an increased peak hip adduction was found in PFPS groups during running
and SL squat activity. Most importantly, strong evidence suggests that hip strength is
weaker in individuals with PFPS, showing less strength of hip external rotation and hip
abduction, also less hip external rotator, and less hip abductor compared to the control
group. However, without prospective studies, it is difficult to determine whether hip
strength weakness is a cause or a result of PFPS. Therefore, further research is needed to
evaluate the hip strength level in identifying individuals most likely to associated with
PFPS development is needed.

Author Contributions: Conceptualization, M.L.; methodology, PX. and B.I.; writing—original draft
preparation, P.X.; writing—review and editing, M.L. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This study was sponsored by the General Program of Education Department of Zhejiang
Province [20220810], and Zhejiang Province Exploring Public Welfare Projects [LTGY23H040003].

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. McClinton, S.; Donatell, G.; Weir, J.; Heiderscheit, B. Influence of step height on quadriceps onset timing and activation during
stair ascent in individuals with patellofemoral pain syndrome. . Orthop. Sport. Phys. Ther. 2007, 37, 239-244. [CrossRef] [PubMed]

2. Gaitonde, D.Y.; Ericksen, A.; Robbins, R.C. Patellofemoral Pain Syndrome. Am. Fam. Physician. 2019, 15, 88-94.

3.  Taunton, J.E; Ryan, M.B.; Clement, D.B.; McKenzie, D.C.; Lloyd-Smith, D.R.; Zumbo, B.D. A retrospective case-control analysis of
2002 running injuries. Br. J. Sport. Med. 2002, 36, 95-101. [CrossRef]

4. Davis, LS.; Tenforde, A.S.; Neal, B.S.; Roper, J.L.; Willy, RW. Gait retraining as an intervention for patellofemoral pain. Curr. Rev.
Musculoskelet. Med. 2020, 13, 103-114. [CrossRef] [PubMed]

5. Puzzitiello, RN.; Waterman, B.; Agarwalla, A.; Zuke, W.; Cole, B.].; Verma, N.N.; Yanke, A.B.; Forsythe, B. Primary medial
patellofemoral ligament repair versus reconstruction: Rates and risk factors for instability recurrence in a young, active patient
population. Arthrosc. J. Arthrosc. Relat. Surg. 2019, 35, 2909-2915. [CrossRef] [PubMed]

6.  Francis, P; Whatman, C.; Sheerin, K.; Hume, P; Johnson, M.I. The proportion of lower limb running injuries by gender, anatomical
location and specific pathology: A systematic review. J. Sport. Sci. Med. 2019, 18, 21.

7. Lee, T.Q.; Yang, B.Y.; Sandusky, M.D.; McMahon, PJ. The effects of tibial rotation on the patellofemoral joint: Assessment of the
changes in in situ strain in the peripatellar retinaculum and the patellofemoral contact pressures and areas. . Rehabil. Res. Dev.
2014, 38, 463-469.

8.  Emamvirdi, M.; Letafatkar, A.; Khaleghi Tazji, M. The effect of valgus control instruction exercises on pain, strength, and
functional. Sport. Health 2019, 11, 223-237. [CrossRef]

9. Fagan, V.; Delahunt, E. Patellofemoral pain syndrome: A review on the associated neuromuscular deficits and current treatment
options. Br. J. Sport. Med. 2008, 42, 789-795. [CrossRef]

10. Barton, C.J.; Lack, S.; Malliaras, P.; Morrissey, D. Gluteal muscle activity and patellofemoral pain syndrome: A systematic review.
Br. J. Sport. Med. 2013, 47, 207-214. [CrossRef]

11.  Neptune, RR.; Wright, I.C.; van den Bogert, A.]J. The influence of orthotic devices and vastus medialis strength and timing on
patellofemoral loads during running. Clin. Biomech. 2000, 15, 611-618. [CrossRef] [PubMed]

12. Downs, S.H.; Black, N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised
and non-randomised studies of health care interventions. . Epidemiol. Community Health 1998, 52, 377-384. [CrossRef] [PubMed]

13.  Van Tulder, M.; Furlan, A.; Bombardier, C.; Bouter, L.; Editorial Board of the Cochrane Collaboration Back Review Group.

Updated method guidelines for systematic reviews in the cochrane collaboration back review group. Spine 2003, 28, 1290-1299.
[CrossRef]


http://doi.org/10.2519/jospt.2007.2421
http://www.ncbi.nlm.nih.gov/pubmed/17549952
http://doi.org/10.1136/bjsm.36.2.95
http://doi.org/10.1007/s12178-020-09605-3
http://www.ncbi.nlm.nih.gov/pubmed/32170556
http://doi.org/10.1016/j.arthro.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/31604512
http://doi.org/10.1177/1941738119837622
http://doi.org/10.1136/bjsm.2008.046623
http://doi.org/10.1136/bjsports-2012-090953
http://doi.org/10.1016/S0268-0033(00)00028-0
http://www.ncbi.nlm.nih.gov/pubmed/10936434
http://doi.org/10.1136/jech.52.6.377
http://www.ncbi.nlm.nih.gov/pubmed/9764259
http://doi.org/10.1097/01.BRS.0000065484.95996.AF

Healthcare 2023, 11, 99 14 of 15

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dierks, T.A.; Manal, K.T.; Hamill, J.; Davis, 1.S. Proximal and distal influences on hip and knee kinematics in runners with
patellofemoral pain during a prolonged run. J. Orthop. Sport. Phys. Ther. 2008, 38, 448-456. [CrossRef] [PubMed]

Lack, S.; Barton, C.; Sohan, O.; Crossley, K.; Morrissey, D. Proximal muscle rehabilitation is effective for patellofemoral pain: A
systematic review with meta-analysis. Br. J. Sport. Med. 2015, 49, 1365-1376. [CrossRef]

Noehren, B.; Pohl, M.B.; Sanchez, Z.; Cunningham, T.; Lattermann, C. Proximal and distal kinematics in female runners with
patellofemoral pain. Clin. Biomech. 2012, 27, 366-371. [CrossRef]

Willson, J.D.; Davis, 1.S. Lower extremity mechanics of females with and without patellofemoral pain across activities with
progressively greater task demands. Clin. Biomech. 2008, 23, 203-211. [CrossRef]

Nakagawa, T.H.; Moriya, E.T.; Maciel, C.D.; Serrao, E.V. Trunk, pelvis, hip, and knee kinematics, hip strength, and gluteal muscle
activation during a single-leg squat in males and females with and without patellofemoral pain syndrome. J. Orthop. Sport. Phys.
Ther. 2012, 42, 491-501. [CrossRef]

Barton, C.J.; Levinger, P.; Webster, K.E.; Menz, H.B. Walking kinematics in individuals with patellofemoral pain syndrome: A
case—control study. Gait Posture 2011, 33, 286-291. [CrossRef]

Paoloni, M.; Mangone, M.; Fratocchi, G.; Murgia, M.; Saraceni, V.M.; Santilli, V. Kinematic and kinetic features of normal level
walking in patellofemoral pain syndrome: More than a sagittal plane alteration. J. Biomech. 2010, 43, 1794-1798. [CrossRef]
Bolgla, L.A.; Malone, T.R.; Umberger, B.R.; Uhl, T.L. Hip strength and hip and knee kinematics during stair descent in females
with and without patellofemoral pain syndrome. J. Orthop. Sport. Phys. Ther. 2008, 38, 12-18. [CrossRef] [PubMed]

Salsich, G.B.; Brechter, ].H.; Powers, C.M. Lower extremity kinetics during stair ambulation in patients with and without
patellofemoral pain. Clin. Biomech. 2001, 16, 906-912. [CrossRef] [PubMed]

Ireland, M.L.; Willson, J.D.; Ballantyne, B.T.; Davis, LM. Hip strength in females with and without patellofemoral pain. J. Orthop.
Sport. Phys. Ther. 2003, 33, 671-676. [CrossRef] [PubMed]

Robinson, R.L.; Nee, R.J. Analysis of hip strength in females seeking physical therapy treatment for unilateral patellofemoral pain
syndrome. . Orthop. Sport. Phys. Ther. 2007, 37, 232-238. [CrossRef]

Glaviano, N.R;; Saliba, S. Differences in gluteal and quadriceps muscle activation during weight-bearing exercises between female
subjects with and without patellofemoral pain. J. Strength Cond. Res. 2022, 36, 55-62. [CrossRef]

Davis, I.S.; Powers, C. Patellofemoral pain syndrome: Proximal, distal, and local factors—International research retreat, April
30-may 2, 2009, Baltimore, Maryland. J. Orthop. Sport. Phys. Ther. 2010, 40, A1-A48. [CrossRef]

Arazpour, M.; Bahramian, F.; Abutorabi, A.; Nourbakhsh, S.T.; Alidousti, A.; Aslani, H. The effect of patellofemoral pain
syndrome on gait parameters: A literature review. Arch. Bone Jt. Surg. 2016, 4, 298.

Fulkerson, ].P. Diagnosis and treatment of patients with patellofemoral pain. Am. J. Sport. Med. 2002, 30, 447—456. [CrossRef]
Osborne, ].D.; Luczak, S.B.; Acker, W.B.; Bicos, J. Patellofemoral joint contact pressures: Current concepts and use in patellar
instability studies. Orthopedics 2019, 42, e172—e179. [CrossRef]

Mizuno, Y.; Kumagai, M.; Mattessich, S.M.; Elias, ].J.; Ramrattan, N.; Cosgarea, A.]J.; Chao, E.Y. Q-angle influences tibiofemoral
and patellofemoral kinematics. J. Orthop. Res. 2001, 19, 834-840. [CrossRef]

Mascal, C.L.; Landel, R.; Powers, C. Management of patellofemoral pain targeting hip, pelvis, and trunk muscle function: 2 case
reports. J. Orthop. Sport. Phys. Ther. 2003, 33, 647-660. [CrossRef] [PubMed]

Powers, C.M. The influence of altered lower-extremity kinematics on patellofemoral joint dysfunction: A theoretical perspective.
J. Orthop. Sport. Phys. Ther. 2003, 33, 639-646. [CrossRef] [PubMed]

Nyland, J.; Kuzemchek, S.; Parks, M.; Caborn, D.N.M. Femoral anteversion influences vastus medialis and gluteus medius
EMG amplitude: Composite hip abductor EMG amplitude ratios during isometric combined hip abduction-external rotation. J.
Electromyogr. Kinesiol. 2004, 14, 255-261. [CrossRef] [PubMed]

Lankhorst, N.E.; Bierma-Zeinstra, S.M.; van Middelkoop, M. Factors associated with patellofemoral pain syndrome: A systematic
review. Br. J. Sport. Med. 2013, 47, 193-206. [CrossRef]

Bolgla, L.A.; Uhl, T.L. Electromyographic analysis of hip rehabilitation exercises in a group of healthy subjects. J. Orthop. Sport.
Phys. Ther. 2005, 35, 487—-494. [CrossRef]

Dolak, K.L.; Silkman, C.; Medina McKeon, J.; Hosey, R.G.; Lattermann, C.; Uhl, T.L. Hip strengthening prior to functional
exercises reduces pain sooner than quadriceps strengthening in females with patellofemoral pain syndrome: A randomized
clinical trial. J. Orthop. Sport. Phys. Ther. 2011, 41, 560-570. [CrossRef] [PubMed]

Fukuda, T.Y.; Rossetto, EM.; Magalhaes, E.; Bryk, EF,; Lucareli, PR.; de Almeida Aparecida Carvalho, N. Short-term effects of hip
abductors and lateral rotators strengthening in females with patellofemoral pain syndrome: A randomized controlled clinical
trial. J. Orthop. Sport. Phys. Ther. 2010, 40, 736-742. [CrossRef]

Fukuda, T.Y.; Melo, W.P,; Zaffalon, B.M.; Rossetto, EM.; Magalhaes, E.; Bryk, EF.; Martin, R.L. Hip posterolateral musculature
strengthening in sedentary women with patellofemoral pain syndrome: A randomized controlled clinical trial with 1-year
follow-up. J. Orthop. Sport. Phys. Ther. 2012, 42, 823-830. [CrossRef]


http://doi.org/10.2519/jospt.2008.2490
http://www.ncbi.nlm.nih.gov/pubmed/18678957
http://doi.org/10.1136/bjsports-2015-094723
http://doi.org/10.1016/j.clinbiomech.2011.10.005
http://doi.org/10.1016/j.clinbiomech.2007.08.025
http://doi.org/10.2519/jospt.2012.3987
http://doi.org/10.1016/j.gaitpost.2010.11.022
http://doi.org/10.1016/j.jbiomech.2010.02.013
http://doi.org/10.2519/jospt.2008.2462
http://www.ncbi.nlm.nih.gov/pubmed/18349475
http://doi.org/10.1016/S0268-0033(01)00085-7
http://www.ncbi.nlm.nih.gov/pubmed/11733129
http://doi.org/10.2519/jospt.2003.33.11.671
http://www.ncbi.nlm.nih.gov/pubmed/14669962
http://doi.org/10.2519/jospt.2007.2439
http://doi.org/10.1519/JSC.0000000000003392
http://doi.org/10.2519/jospt.2010.0302
http://doi.org/10.1177/03635465020300032501
http://doi.org/10.3928/01477447-20190118-05
http://doi.org/10.1016/S0736-0266(01)00008-0
http://doi.org/10.2519/jospt.2003.33.11.647
http://www.ncbi.nlm.nih.gov/pubmed/14669960
http://doi.org/10.2519/jospt.2003.33.11.639
http://www.ncbi.nlm.nih.gov/pubmed/14669959
http://doi.org/10.1016/S1050-6411(03)00078-6
http://www.ncbi.nlm.nih.gov/pubmed/14962778
http://doi.org/10.1136/bjsports-2011-090369
http://doi.org/10.2519/jospt.2005.35.8.487
http://doi.org/10.2519/jospt.2011.3499
http://www.ncbi.nlm.nih.gov/pubmed/21654093
http://doi.org/10.2519/jospt.2010.3246
http://doi.org/10.2519/jospt.2012.4184

Healthcare 2023, 11, 99 15 of 15

39. Khayambashi, K.; Mohammadkhani, Z.; Ghaznavi, K.; Lyle, M.A_; Powers, C.M. The effects of isolated hip abductor and external
rotator muscle strengthening on pain, health status, and hip strength in females with patellofemoral pain: A randomized
controlled trial. J. Orthop. Sport. Phys. Ther. 2012, 42, 22-29. [CrossRef]

40. Dempster, J.; Dutheil, E; Ugbolue, U.C. The Prevalence of Lower Extremity Injuries in Running and Associated Risk Factors: A
Systematic Review. Phys. Act. Health 2021, 5, 133-145. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.2519/jospt.2012.3704
http://doi.org/10.5334/paah.109

	Introduction 
	Materials and Methods 
	Search Strategy and Inclusion Criteria 
	Quality Assessment of Selected Studies 
	Data Extraction and Analysis 

	Results 
	Search Results 
	Quality Assessment of Included Studies 
	Studies Characteristic 
	Kinematic Variation 
	Hip Strength and Torque 
	Muscle Activation 

	Discussion 
	Conclusions 
	References

