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ABSTRACT

Background and Objectives: Patellofemoral Arthropathy (PFA) is the most common knee
disorder in runners and various factors can lead to the development of its symptoms. It has been
proposed that frontal plane motions of the hip and knee can raise the dynamic quadriceps angle
during functional tasks. The aim of this study was to evaluate frontal plane acting hip muscle
flexibility and strength differences in male sprinter runners with unilateral PFA.

Methods: A total of 38 male runners complaining of peripatellar pain or showing positive unilateral
patellar grind test, assigned to the normal and sound legs, and 20 matched control groups were
compared in this case-control study. Participants’ hip abductor and adductor muscles strength and
their flexibility were evaluated through a hand-held dynamometer and 2D motion analysis tracker
software. To measure the strength, participants were positioned side-lying position, performing
abduction and adduction, while a dynamometer was placed on the lateral and medial femoral
epicondyle. Active and passive abduction and adduction range of motion were recorded via a
camera in the supine position and the film was analyzed by the software.

Results: Abductor muscle strength and abduction-to-adduction ratio on the involved side were
significantly lower than the uninvolved side (P=0.029, P=0.008, d=-0.388, d=-0.459), while greater
adduction and lower abduction to adduction ratio were found in the control group (P<0.001,
F=3.599). Also, lesser passive abduction and active adduction range of motion were found in the
control group on both sides (P<0.001, F=2.792, F=8.979).

Conclusion: Strength changes of the involved side compared with uninvolved side and less flexible
side, but more probably inhibited and stronger adductors in the control group may suggest impaired
muscular interaction based on frontal plane muscles torque/length curve function in unilateral PFA.
Changes in the strength of the involved side compared to the healthy side and the adductor muscles
with more flexibility and strength but more inhibited by the abductor’s muscles in the control group
could indicate
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f What is “already known” in this topic:

—» What this article adds:

changes subsequently.

Patellofemoral Arthropathy (PFA) in runners is associated with hip abductors' strength changes. Also, hip abduc-
tor strengthening is often used to improve hip mechanics to reduce the incidence of (PFA).

It may be considered not only hip abductors weakness but also hip adductors muscle strength and flexibility dif-
ferences in sprinter runners with unilateral patellofemoral arthropathy as it may be source of biomechanical

1. Introduction

atellofemoral Pain Syndrome (PFPS) is an

overuse syndrome usually characterized

by an aching pain in the peripatellar area.
The terminology PFPS has been used as the preferred
term in recent years; however, it does not consider how
non-painful joint conditions could be a precursor to pain
development, does not include symptoms, such as crepi-
tus, and may increase a focus on the ‘pain’ aspect of the
condition. The alternative term, Patellofemoral Arthrop-
athy (PFA), was proposed, which indicates that PFP may
be a symptom of joint disease [1]. Physical activities,
such as climbing stairs, squatting, jumping, running, and
two or four kneeling positions for prolonged periods of
time will deteriorate PFP. PFA is the most common knee
disorder in runners [2, 3]. PFA has been reported as the
cause of 20% to 40% of all visits to physical therapy
and sport medicine clinics as a result of knee pain. PFA
symptoms can lead to impairments during sport and
functional and daily life activities. Various factors can
lead to the development of PFA symptoms, which makes
the diagnosis of the cause of symptoms and designing a
rehabilitation program extremely difficult [4].

One etiological theory to PFA is that poor proximal neu-
romuscular control and/or weakness of the hip muscula-
ture may lead to poor control of frontal and transverse
plane motions of the hip [S]. For example, excessive
hip adduction, hip internal rotation, and the follow-
ing knee abduction have been hypothesized to increase
patellofemoral joint stress and affect the patellofemoral
joint biomechanics. Furthermore, during weight-bearing
activities, this situation has been proposed to increase
the dynamic quadriceps angle, which finally results in
intensified patella-femoral joint stress [5, 6]. Some in-
vestigations have demonstrated that females and males
with PFA display altered knee joint kinematics in com-
parison with non-involved control participants. Particu-

larly, symptomatic PFA patients exhibit increased frontal
plane knee joint motion and knee joint loading during
dynamic activities, such as running [7-9].

Thus, hip abductors strengthening is often advocated
to improve hip mechanics to reduce the incidence of or
symptoms related to PFA [10]. In addition to these find-
ings, one study suggested that strengthening alone may
be insufficient to alter abnormal movement patterns of
the lower extremities during running [11]. Despite large
and significant gains in the strength of hip abductors
and hip external rotators following exercise protocols,
no changes have been seen in abnormal hip mechanics
during running. Accordingly, as suggested later, possibly
additional therapeutic programs may be required, such
as myofascial release, stretching, or neuromuscular re-
training for hip strengthening to finally better manage
such a syndrome [11, 12].

Hip adduction Range of Motion (ROM) has been sug-
gested to be a predictor of pain and function in both
males and females with PFA. It has been proposed that
frontal plane motions of the hip and knee can raise the
dynamic quadriceps angle during functional tasks. It has
been reported that a 10° increase in the quadriceps angle
can elevate patellofemoral stress by 45% [5, 6]. Task-
dependent excessive functional limb Varus during run-
ning has been suggested as a possible reason for adduc-
tor overactivity and stiffness and the following abductor
reciprocal inhibition [13]. It has also been reported that
abductor muscles with the greatest hip abduction torque
at the hip positioned at 10° adduction, along with the hip
position during single-leg stance, will help provide ad-
equate stability to the pelvis [14].

Then, any changes in this position following changes or
imbalances in adductor/adductor length or strength may
contribute to PFA. Therefore, two questions may raise:
Are there any muscular strength and flexibility changes in
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frontal plane hip muscles in runners with PEA? What is the
relationship between flexibility and strength? Accordingly,
the aim of this study was to compare abduction, adduction,
and abduction to adduction flexibility and strength ratio to
clarify the role of muscular strength, flexibility, and bal-
ance in sprinter runners with unilateral PFA.

2. Materials and Methods
Design

A total of 38 semiprofessional male sprinter runners
declaring unilateral pain (3 or more on the numerical an-
alog scale) or showing positive patellar grind test result
on just one side were compared assigned to the legs and
the control group (20 matched controls) regarding fron-
tal plane muscle strength and flexibility in this case-con-
trol study. They were recruited using the non-probability
sampling method from Tehran and Shiraz running clubs
from April 2018 to January 2020.

Participants

The participants with PFA were excluded from the
study if they had the following exclusion criteria: 1) a
history of hip, knee, or ankle surgery over the past 3
years; 2) patellar dislocation; 3) any deviation in the
lumbar vertebra; 4) systemic arthritis, knee ligament or
meniscal injury; 5) plica syndrome, Sinding-Larsen-Jo-
hansson disease, Osgood-Schlatter disease; 6) any neu-
rological disease [15]; and 7) bilateral PFA. Because no
similar ROM studies had been performed on the frontal
plane, we selected 10 pilot participants with NAS Activ-
ity Scale (NAS) peripatellar pain score of 3 or more or
showing unilateral positive patellar grind test result. Fol-
lowing data analysis, we used a rule of thumb method to
determine the sample size, which was determined to be
38 cases based on ROM data [16].

We also had to choose 20 of 26 cases for the control
group and we evaluated and matched them with 20 PFA
cases because of the prevalence of COVID-19 and no
chances of more evaluation because of physical distanc-
ing rules. The qualifying participants were first informed
about the study purpose and the study protocol. First, the
participants were given a page consisting of the Numeric
Pain Rating Scale (NPRS), where an 11-point scale rang-
ing from 0 to 10 was anchored on the left with the phrase
“no pain” and on the right with the phrase “worst imag-
inable pain.” Patients rated their pain within the last 24
hours. Numeric pain scales have been shown to be reli-
able and valid [17, 18]. They were then given the Persian
version of the Functional Index Questionnaire (FIQ) for
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further investigation and possible correlations with func-
tional impairment after the study. This questionnaire has
been confirmed to be valid and reliable in Iran [19].

Procedure

To perform the study, we followed two different pro-
cedures; the participant’s flexibility was assessed first,
and then, they were assessed with strength in two tri-
als, with 5 minutes of resting period between the trials
based on the average of two trials for comparison [20].
Hip adductor and abductor muscle flexibility were im-
plied from hip adduction and abduction ROM indirectly.
Both active and passive ROM was used for comparison.
Because of using 2D motion analysis as the flexibil-
ity measurement, we marked a rectangle surface on the
ground with the height of 2 m and the width of 1.5 m
via indicator markers. Also, we marked 3 parts of par-
ticipants’ leg and pelvis to measure the ROM: 1) right
anterior superior iliac spine 2) left anterior superior iliac
spine 3) a relative point to the femoral lateral epicondyle
(3 cm upper and in the middle of thigh diameter up to
patella bone). The subjects’ head was in the middle of the
upper marked line and the camera tripod in the middle of
the lower one. The angle of the camera was 20 degrees
toward the surface in relation to the horizontal plane with
the film recorded with consistent camera features getting
ready to record and upload the video to software (Figure

1.

Once the filming project was done, we analyzed the
films through 2D motion analysis software (Tracker
4.11 x Douglas Brown, Wolfgang Christian 2017). Cost-
benefit and accessibility of 2D motion analysis have
been already confirmed and it is a valid and reliable in-
strument in measuring joint ROM along with 3D mo-
tion analysis, which is too expensive and out of reach
for sports studies, that are commonly performed outside
the experimental parts [21-24]. For analysis of the films,
we chose 3 mass points and 1 protractor in the software
environment. Then, we matched the marked points on
the leg and pelvis to mass points in the software named
R ASIS, L ASIS, and knee point and fixed them with
vertex, arm, and base of the protractor to measure hip
angles. Thereafter, we played the film and sought for
ultimate pure hip adduction and abduction ROMs, free
of additional rotational parts or pelvis movements. Next,
we paused the film and noted the protractor’s number
(in degrees) as hip ROM (Figure 1). All ROM data were
normalized to the subject’s leg length to account for in-
dividual differences as we knew choosing mass points
on the specific anatomical landmarks instead of the joint
center may lead to adiposity influence on angles. Never-

22. Hip Flexibility and Strength in Runners. Func Disabil J. 2020 3:195-204.

197



http://fdj.iums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

2020, Volume 3

theless, choosing a joint center will show variability in
2D motion analysis, as well [24].

The hip muscle strength was measured through a hand-
held dynamometer (SF-500 push/pull force gauge; IMA-
DA), which has been confirmed to be reliable when used
by a single experienced tester [25, 26]. We measured
force as opposed to torque as it is the standard measure
commonly used in clinical practice. To accurately mea-
sure muscle force, we used a consistent and firm length
strap at the end of the lower extremity preventing hip
abduction identically for all participants and allowing
abductors’ muscles to move in a more accurate kinesiol-
ogy position according to their torque/hip angle curve as
we knew measuring muscle strength at the end of abduc-
tion range will lead to muscle active insufficiency [14].
The participants were positioned on their sides and then
asked to abduct their legs as far as the firm band allowed
them. When the movement stopped, the dynamometer
was placed on the lateral femoral epicondyle and they
were asked to push as far as they could. Accordingly, the
peak hip abduction isometric force (N) was measured.
During the measurement, the dynamometer was placed
between the legs on the medial femoral epicondyle with
our hand and soft pad between the dynamometer and
resting leg, and participants were asked to press toward
the other leg as far as they could. The examiner did not
try to overcome the subject’s effort (Figure 2). These
procedures were repeated two times with 5 minutes of
resting based on the average for strength comparison. All
strength data were normalized to body mass, which has
been confirmed to be the best way to normalize strength
in order to rule out any individual differences.

We used male samples only for two reasons: the first
gender should be factored into analyses of allometric
scaling as men have higher b-values than women for
both force and torque [27]. Secondly, few studies have
evaluated only a male sample.

Table 1. Demographic data of the participants
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Data analysis

We used the Kolmogorov-Smirnov test to check the dif-
ferences in the baseline characteristics. The significance
of the difference in abduction, adduction, and abduction
to adduction ratio strength and flexibility between unin-
volved and involved sides was determined using paired
t-test and repeated measures ANOVA to compare with
the control group. A correlation test was used to clarify
the factors most relevant to dysfunction and pain, and
also to distinguish any correlations between flexibility
and strength. To determine the effect size, we used Co-
hen’s d, where a Cohen’s d 0/2 is a small effect, a Co-
hen’s d, 0.5 is a medium effect, and a 0.8 amount is con-
sidered a large effect [28]. The set of variables providing
the best linear discrimination was selected. Statistical
analyses were performed using SPSS v. 23 (SPSS Inc,
Chicago, IL) and JASP 0.9.1 analysis software.

3. Results

According to data analysis, the participants’ Mean+SD
age was 23.46+4.01 years, height was 1.78+0.05 m,
weight was 71.3+9.21 kg, Body Mass Index (BMI) was
22.45+2.30 kg/m?, and their leg length was 90.23+4.21
cm. Weight, leg length, height, and BMI had normal
distributions (P>0.05), but a significant difference was
seen for age between participants (P=0.023) (Table 1).
No differences were found in the active or passive abduc-
tion and adduction ROM between either side (P>0.005)
but passive abduction and active adduction ROM were
significantly greater in the control group (P<0.001)
(Tables 2, 3) (Figure 3, 4, 5). There was a significant
difference between the involved and uninvolved sides
in mean abduction and abduction to adduction ratio in
the first and second trials (P=0.029, d=-0.368, 95%CI=-
0.69, -0.03) (P=0.008, d=-0.459, 95%CI=-0.79, -0.12),
showing a lower strength for the involved side (Table
3). Adduction and abduction to adduction strength ratio
were significantly different comparing both sides in the
control group because the control group showed much

Participants Description (N=38) MeanSD P
Age (y) 23.97+3.78 0.023°
Leg length (cm) 89.2914.66 0.200
Weight (kg) 71.24+1.80 0.200
Height (m) 1.77+0.05 0.135

“Significant differences

22. Hip Flexibility and Strength in Runners. Func Disabil J. 2020; 3:195-204.
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Table 2. Hip frontal plane range of motion (ROM,; flexibility) comparing between the sides and control group
Variables 95% Cl P-Value Cohen’s d
Active add. ROM . .
Uninvolved vs. the control -1.14;-0.17 0.007 -0.669
AGYRERL ) [HOLY] 0.33;1.37 0.001" 0.864
Involved vs. the control
Active abd/add ROM 0.33;1.36 0.001" 0.856
Involved vs. the control
Pk el e ROn -0.59;-1.06 0.016" 0.595
Uninvolved vs. the control
Passive abd. ROM 0.015 <0.05° 0128

Involved/Uninvolved vs. the control

Only subtle variables are mentioned. add: adduction; abd: abducton

*Significant differences

greater adduction and lower abduction to adduction ratio
(P<0.001, F=2.792, F=8.979) (Table 3). There was no
significant difference between the sides in the first and
second trials in the mean adduction strength (P=0.247,
95%CI= -0.13, 0.51) and no abduction strength differ-
ences were found between sides and the control group
(P>0.005).

Furthermore, the closest variables to FIQ scores based
on the correlation test were uninvolved adductor strength
(r=0.367, r=0.332, P=0.024, P=0.042), followed by ac-
tive and passive adduction ROM (1=-0.446, r=-0.359,
P=0.003, P=0.027). The closest variables to NAS scores
were active and passive adduction ROM (r=0.415,
r=0.326, P=0.010, P=0.046). Finally, no correlations
were found between flexibility and strength (P>0.005).

4. Discussion

Our results suggested that there are no differences in
active and passive ROM between involved and unin-
volved leg while comparing the sides to the control group
showed lesser adductor muscle flexibility (less passive
adduction ROM in the control group) and more active
adduction ROM, showing possible more reciprocal in-
hibition in the control group and possible neuromuscular
impairment in participants with unilateral PFA causing
more adduction ROM, which may lead to inappropriate
stresses on the patellofemoral joint. We should also men-
tion that the uninvolved side hip active and passive ad-
duction ROM was significantly correlated with function
and pain. A recent study measuring length, using gravity
and standard goniometry has compared Tensor Fasciae
Latae / Iliotibial Band length in the frontal plane and re-

Figure 1. Indicator markers on the ground and pelvis and femur, test position for an active hip range of motion

22. Hip Flexibility and Strength in Runners. Func Disabil J. 2020 3:195-204.
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Table 3. Hip frontal plane muscle strength

Variable 95% ClI P Cohen’s d
Mean abd. Involved/uninvolved -0.29; -0.01 0.029" -0.368
GO -0.617;0.267 0.001° -0.866
Involved vs. the control
Mean Abd. /add. Involved/uninvolved -0.001; 0.001 0.008" -0.459
Abduction to adduction strength ratio 0.194;1.173 0.006° 0.691

Involved vs. the control

Only subtle variables mentioned; * Significant differences.

ported that TFL/ITB length was not different between
the PFA and control groups, while some have insisted
on the role of ITB tightness [20, 29, 30]. Considering
strength, the control group had stronger adductors with
less adduction ROM and it seems that adductors are pro-
grammed to perform in a precise ROM with maximal
efficacy producing maximal frontal plane stability by
keeping the best force/length position of abductors. This

Figure 2.Test position for abduction/adduction strength dynamometry.

makes the pelvis stable in the frontal plane, while on the
involved side, muscular imbalance (weaker adductors
and less active abductors), exceeded by more adduction
ROM position following less reciprocal inhibition by ab-
ductors that may lead to more adduction position com-
pared with the uninvolved side and control group during
the stance phase of gait or running. It can biomechani-
cally lead to knee excessive valgus motion and changes

Figure 3. Comparison of the hip frontal plane Range Of Motion (ROM; Flexibility) between the sides and control

group

22. Hip Flexibility and Strength in Runners. Func Disabil J. 2020; 3:195-204.
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Figure 4. Comparison of the hip frontal plane muscle strength between the involved and uninvolved sides

in patellofemoral joint stress resulting in PFA. This, in
turn, may adversely position the gluteus medius in an
improper force/length position. As we know, the gluteus
medius has the most effective force/length position in 10
degrees of adduction, which leads to the production of
less pelvis frontal plane stabilization [16]. All these may
suggest that adductor muscle strength and adduction
ROM may represent a firm muscle strength and ROM
range, which will help abductor muscles to perform in
the most efficient way providing stabilization to the pel-
vis and femur as it is demanded in high-intensity activi-
ties, such as running. Any variations in this situation may
lead to changes in most efficient abductors’ torque/ROM
proportion causing the following abductors and biome-
chanical changes, which may be associated with PFA.
We should mention that all the interpretations comparing
sides may be a delusion as pain can alter strength bilater-
ally but comparing with the control group gives us some
firm approval.

According to the results, the most related variables to
FIQ scores were adductor muscles strength of the unin-
volved side and the control group with a positive cor-
relation and active/passive hip adduction ROM of the
uninvolved side with a negative correlation. The most
related variables to NAS scores were active and passive

hip adduction ROM of the uninvolved side with a posi-
tive correlation. It is really difficult to interpret these cor-
relations, but one possible explanation is that we may
have a precise abduction to adduction ROM and strength
interaction, whereas changing this interaction will lead
to muscular imbalance and biomechanical changes. In-
creasing or decreasing hip adduction strength will have
an initial positive effect on the function with the probable
explanation of preparing a more proper hip abduction
torque/length position. However, excessive increase or
decrease in hip adduction strength will adversely affect
the functions. It will lead to biomechanical changes and
an increase in patellofemoral joint stress and patellofem-
oral pain arthropathy as well as functional impairments.
Therefore, the function can be linked to adductor muscle
strength through this chain mechanism. Nevertheless,
further prospective investigations may be required to
confirm the theory. Based on our results, the uninvolved
hip adduction ROM was negatively correlated with FIQ
scores and positively with NAS scores; increase hip
adduction motion will lead to enhanced knee valgus
motion and increased patellofemoral stress and PFA.
Therefore, an increase in hip adduction motion of the
normal uninvolved side will lead to functional impair-
ments (lower FIQ scores) and intensified pain (greater
NAS scores). Our results seem to be consistent with two

Figure 5. Comparison of the hip frontal plane muscle strength between the sides and control group

22. Hip Flexibility and Strength in Runners. Func Disabil J. 2020 3:195-204.
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articles, which suggested that hip adduction ROM may
be used as a predictor of pain and function in subjects
with PFA [5, 6].

Based on the results, it can be concluded that in addition
to abductor strength, it is important to consider abductor
to adductor strength and flexibility interaction, because
there is a reasonable relationship between the involved
side hip abductor and adductor muscles compared with
uninvolved side and control group mentioned in the
discussion, suggesting muscular impaired interaction
affecting unilateral PFA. Thus, in sprinter runners with
unilateral PFA, not only abductor strength but also ad-
ductor strength and abduction to adduction ratio should
be considered separately on both sides to reach a precise
evaluation helping design a better physical therapy plan.
We should mention that this study is a preliminary step
to gather evidence about muscular impaired interaction,
which may affect PFA; thus, further prospective studies
using different tools and methods may be needed to con-
firm the role of impaired muscular interaction in sprinter
runners with unilateral PFA.
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