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Abstract

Objectives: We aimed to investigate the relationship between self-reported lower extremity function, fear of movement, and
quadriceps, hamstring, and hip stabilizer muscle strength in women with patellofemoral pain. Methods: Fifty-four women
(age: 32.59+7.00) were included in the study. We assessed self-reported function with the Lower Extremity Functional
Scale and fear of movement with the Tampa Scale for kinesiophobia. The strength of the quadriceps, hamstring, and
hip stabilizer muscles was determined with a hand-held dynamometer. Relationships between variables were examined
using Pearson correlation analysis and binary logistic regression analysis. Results: Self-reported function showed a
moderate positive correlation with hip stabilizer muscle strength (r=0.408, p=0.002) and negative correlation with fear
of movement (r=-0.500, p<0.01). Conclusion: The results of this study suggest that fear of movement and hip stabilizer
muscle strength are factors associated with self-reported lower extremity function in women with patellofemoral pain.
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Introduction

Patellofemoral pain (PFP) is a disorder characterized
by localized pain around and/or behind the patella that is
aggravated by at least one of the activities that require
weight transfer to the flexed knee, such as squatting, going
up and down stairs, and jumping'. Risk factors for PFP include
exposure to activities that increase patellofemoral joint load,
training errors, overpronation of the foot, dynamic knee
valgus, and vastus medialis activation delay?. Additionally,
guadriceps weakness, hip muscle weakness, and body
composition may also contribute to the development of
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PFP34, The annual prevalence of PFP in the general population
is 22.7%"°. PFP restricts activities of daily living and impairs
health-related quality of life®”.

PFP limits both objective and self-reported function,
which led to curiosity about the factors associated with
objective and self-reported function in this patient group®°.
Although some researchers have investigated factors that
may affect measures of objective function (e.qg., jumping and
climbing stairs) in individuals with PFP, these studies are
limited and have yielded contradictory findings®''. Another
area of research interest is the relationship between fear
of movement, pain catastrophism, and lower extremity
function. While PFP does not directly cause fear of movement
or pain catastrophism, they may occur as a result of PFP'"
Anterior Knee Pain Scale (AKPS) score has been associated
with eccentric and concentric quadriceps strength, eccentric
hip external rotation strength, and the ratio of eccentric
quadriceps to concentric hamstring strength''4. Isometric
quadriceps, hip extension, hip abduction, and hip adduction
strengths are correlated with Activities of Daily Living score'®.
In addition, the Tampa Scale for Kinesiophobia (TSK) score is
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also related to the AKPS and Lysholm scores®'¢-18,

One of the tools that can be used to measure self-reported
function in individuals with PFP is the Lower Extremity
Functional Scale (LEFS)'°. However, no previous study has
examined the relationship between LEFS score, TSK score,
and quadriceps, hamstring, and hip stabilizer muscle strength.
Therefore, we aimed to evaluate correlations between these
variables, as well as explore how regular medication use,
abdominal surgery history, smoking, and working status
influenced TSK scores.

Material and Method
Study design

A cross-sectional study was conducted in accordance with
the Declaration of Helsinki and the REPORTing of quantitative
PatelloFemoral Pain (REPORT-PFP) checklist=°.

Participants

Fifty-four women with PFP with an average age of
32.59+£7.00 years were included in the study. Inclusion
criteria were: being a woman between the ages of 18 and 40
years; having PFP for at least 3 months; reporting a Visual
Analog Scale (VAS) pain score of 3 or higher during the past
week; and experiencing pain in at least two relevant activities
(e.g., climbing or descending stairs, jumping, running,
prolonged sitting, squatting, and kneeling) and at least one
clinical test (patellar compression or palpation of the patellar
facets). Exclusion criteria were: having clinical, radiographic,
or MRI findings of meniscus, ligament, cartilage injury,
osteoarthritis, epiphysitis, knee joint effusion, or recurrent
patellar subluxation or dislocation; having hip or back pain
that prevents exercise; having a history of knee surgery; using
nonsteroidal anti-inflammatory drugs or cortisone; having
a history of knee trauma; and receiving physiotherapy or
other treatment for PFP in the previous 3 months. Informed
consent was obtained from all participants at the beginning
of the study (Figure 1).

Outcomes

We recordedthe participants’ age, height, weight, symptom
duration, pain severity, and affected extremity (dominant or
non-dominant). We also noted their employment, surgical
history, regular medication use, and smoking habits. The
participants’ subjective lower extremity function, fear of
movement, and quadriceps, hamstring, and hip stabilizer
muscle strength were measured as described below.

Pain severity was evaluated on a 10-cm VAS where O
corresponded to no pain and 10 to intolerable pain. All
participants were instructed to mark the level of pain felt at
rest and during activities'.

Self-reported lower extremity function was measured
with the LEFS. Binkley and colleagues developed this scale
in 1999 to determine the functional status of patients with
lower extremity musculoskeletal dysfunction. The LEFS
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Figure 1. Flow chart of participant selection.
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Table 1. Demographic data of participants.

Variables | n (%)

. Dominant 33 (61.1)
Affected limb ;

Nondominant 21(38.9)
Employed 16 (29.6)
Surgical history 23 (42.6)
Reqular medication use 16 (29.6)
Smoking 18 (33.3)

contains 20 items, each of which is scored between O and
4. The highest score is 80, and a higher score indicates
better functional status?2. The advantage of the LEFS over
other knee-specific scales is that it can distinguish pain and
function®®. The LEFS Turkish version is a valid and reliable
scale for patients with different types of knee dysregulation®“.

Fear of movement was assessed using the TSK and
reported in terms of TSK score. This scale was created by
Miller, Kori, and Todd in 1991 to measure fear of reinjury and
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Table 2. Relationships between self-reported lower extremity function, muscle strength, and fear of movement.

LEFS score | 56.926 (13.827)
Hip
2 | stabilizer | 1.682(0.448) | 0.408** | 0.002
strength
3 | Hamstring | g350.237) | 0.203 0.142 | 0.590** | <0.001 1
strength
4 |Quadriceps| . 554 0.334) 0.243 | 0077 | 0.630** | <0.001 | 0.635** | <0.001 1
strength
5 | TSKscore | 37.963(7.854) | -0.500** | <0.001 | -0.358** | 0.008 | -0.137 | 0.323 | -0.345* | 0.011
LEFS: Lower Extremity Functional Scale, TSK: Tampa Scale for Kinesiophobia. **p<0.01, *p<0.05

Table 3. Results of linear regression analysis of selected demographic variables as predictors of kinesiophobia.

95% ClI
Beta t
| Lower | Upper |

Constant 34.454 2.090 16.484 0.000 27.166 43.930
Employment 0.237 0.405 0.080 0.586 0.561 -5.107 4719
Abdominal surgery 5.566 2.131 0.357 2.612 0.012* 0.992 9.875
Regular medication use -0.084 0.510 -0.023 -0.166 0.869 -1.050 1.008
Smoking 0.567 2.256 0.035 0.255 0.800 -4.116 5.035
R=0.348, R?*=0.121, F=3.503, p=0.038. SE: Standard error, Cl: Confidence interval. Dependent variable: Tampa Scale for Kinesiophobia
score. *p<0.05

movement and was published by Vlaeyen et al. in 199524, It
includes 17 questions and uses 4-point Likert-type scoring.
The lowest possible score is 17 and the highest is 68. A
higher score indicates greater fear of movement and re-
injury?s. The test-retest reliability of the Turkish version of
the scale is excellent?s.

We measuredisometric quadriceps andhamstring strength
using a hand-held dynamometer (Nicholas Manuel Muscle
Tester, Lafayette Indian Instruments, Lafayette, Indiana,
USA). Before the study, we had the hand-held dynamometer
calibrated by the manufacturer’s authorized technical
service. Before collecting the study data, we also piloted
the measurement protocol on 10 healthy people using the
calibrated hand-held dynamometer. Prior to measurement,
the participants warmed up for 5 minutes with range-of-
motion and isometric exercises. Quadriceps strength was
measured in sitting position and hamstring strength in prone
position. Three measurements were made for each direction
with a 30-second rest between measurements. The average
of the three measurements was recorded as the test score. We
performed quadriceps strength measurement first, followed
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by a 5-minute break, and then performed hamstring strength
measurement?”. Hand-held dynamometer measurements
are reliable and provide similar results to those made with an
isokinetic dynamometer. It is an effective method for clinical
use due to its portability, ease of use, and low cost?2,

We assessed the strength of the hip stabilizer muscles
using the HipSIT test. This test involves measuring isometric
hip posterolateral muscle strength in the clam exercise
position. For the test, the participant laid on her side with
the measured extremity on top. The hips were positioned
in 45° flexion and knees in 90° flexion. The participant was
instructed to lift the knee to abduct her leg to 20° while
keeping the heels together. The dynamometer was placed 5
cm above the knee joint line. We then asked the participant
to lift her leg with maximum force against the dynamometer.
Three repetitions were made with a 30-second resting period
between repetitions. The average of the three measurements
was recorded as the test score. The HipSIT test provides
detailed information about hip stabilizer muscle strength and
has proven validity and reliability?°.
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Statistical analysis

Sample size was calculated with G*Power software for
95% predicted power with an alpha value of 0.05 and an
expected correlation coefficient of 0.53 based on the results
of Glaviano et al.'* We used the correlation between isometric
quadriceps strength and the Activities of Daily Living Scale
for calculation and determined that at least 34 participants
were needed.

Data were analyzed using SPSS for Windows version 21
(IBM Corp., Armonk, NY, USA). The data were tested for
normal distribution using visual (histogram and probability
graphs) and analytical methods (Shapiro-Wilk test; skewness
and kurtosis coefficients). Continuous variables are presented
as mean + standard deviation and categorical variables as
number and percentage. Relationships between variables
were evaluated by Pearson correlation analysis. Correlation
coefficients were interpreted as weak (0.0-0.4), moderate
(0.4-0.7), or strong (0.7-1.0)'. Binary logistic regression
was used to determine the predictive value of selected
variables for fear of movement. Statistical significance level
was accepted as p<0.05.

Results

The study participants’ mean age, height, and weight were
32.59+7.00 years, 161.80+6.00 cm, and 74.02+14.78
kg, respectively. The mean VAS score was 4.24+2.59 and
pain duration was 14.06+17.62 months. Other demographic
variables are shown in Table 1.

Self-reported lower extremity function was positively
correlated with hip stability and negatively correlated
with fear of movement (p<0.01 for both, Table 2). Fear of
movement also showed a weak negative correlation with
quadriceps strength and hip stability (p<0.05 and p<0.01,
respectively, Table 2).

The results of linear logistic regression indicated that
history of abdominal surgery was associated with greater
fear of movement (p<0.05, Table 3). Being employed, using
medication reqularly, and smoking were not related to fear of
movement (p>0.05, Table 3).

Discussion

The results of this study suggest that isometric quadriceps
muscle strength is not associated with self-reported lower
extremity function. Quadriceps weakness is considered one
of the most important risk factors for PFP?, and some studies
have shown that quadriceps weakness may be an indicator
of self-reported function'?'®, Guney et al. reported that both
concentric and eccentric quadriceps strength were negatively
correlated with AKPS score'?, while Nakagawa reported a
positive relationship between eccentric quadriceps strength
and AKPS score'®. Guney et al. also reported that the ratio
of eccentric quadriceps to concentric hamstring strength
correlated with the Kujala score'4, and Glaviano et al. found
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that isometric quadriceps strength was associated with
the Activities of Daily Living Scale score's. Our results may
differ from those in the literature because we used different
tools used to measure strength and self-reported function.
However, to our knowledge, this is the first study to provide
evidence regarding the relationship between the commonly
used LEFS score and isometric quadriceps strength in
individuals with PFP. Therefore, the current study can
contribute to the literature.

Our results also demonstrated a positive correlation
between hip stabilizer muscle strength measured with the
HipSIT test and self-reported lower extremity function. The
HipSIT is a functional test developed based on the clam
exercise, which is the exercise with highest gluteal muscle
activation®®, It provides information about hip extension,
abduction, and external rotation strength?®3°. Human
movements are non-isolated movements that occur in all
three planes®'. Therefore, measuring isolated hip extension,
abduction, and external rotation forces will not fully reflect
functional strength. The HipSIT test was developedto evaluate
the stabilization of the hip during functional movements=°.
The fact that it is a functional test suggests that it may also
be related to subjective function level. To our knowledge, the
current study is the first to provide information regarding
the relationship between the HipSIT test and self-reported
function in individuals with PFP. However, a special interest in
hip strength is also evident in the PFP literature. It is known
that interventions to increase hip muscle strength, especially
those that strengthen the gluteus medius, increase objective
and self-reported function in individuals with PFP32, This
information suggests that there may be a relationship
between hip strength and self-reported function. The results
of several studies investigating the correlation between hip
strength and self-reported function also support this claim.
Nakagawa reported a strong positive correlation between
eccentric hip external rotation strength and AKPS'. Glaviano
et al. also reported that AKPS score showed moderate to
strong positive correlations with isometric hip abductor,
adductor, and extensor muscle strength'>. Despite some
methodological differences, the current study supports the
results of the two studies mentioned above.

In our study, there was a moderate negative correlation
between fear of movement scores and self-reported lower
extremity function. A few previous studies have also
evaluated this relationship in individuals with PFP?'"''¢, De
Oliveira Silva et al. reported a moderate negative correlation
between AKPS and TSK scores®. Pazzinatto et al. investigated
whether physical function and fear of movement were risk
factors for the development of PFP in women in their study
with a 2-year prospective follow-up. They reported that fear
of movement was not a risk factor for the development of
PFP, but the development of PFP was associated with reduced
performance in the step-down and single-leg hop for distance
tests, even in the early stages''. Domenech et al. reported
a moderate negative correlation between Lysholm and TSK
scores'®. Rethman et al. stated that there was a moderate
correlation between self-reported function and fear of
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movement in their meta-analysis'”. The findings of the current
study support the relationship between fear of movement
and self-reported function reported in the literature. These
results point to the potential role of psychological factors in
PFP33. Recent evidence suggests that fear of movement may
increase sensitivity to pain by causing some changes in the
central nociception process®4. For these reasons, methods
that reduce fear of movement, such as knee braces, may
improve physical function in individuals with PFP. This may
also enable more comfortable implementation of exercise
therapy, thereby increasing its effectiveness?>.

The finding that surgical history was a predictor of fear
of movement score was another interesting result of the
current study that is novel to the literature. We determined
that women with a surgical history were 6 times more likely
to experience fear of movement than those without. However,
there are many cross-sectional studies showing that different
knee surgeries cause fear of movement3¢37", Interestingly,
the participants in our study reported a history of abdominal
surgery, which is not directly related to the knee but was
statistically associated with fear of movement. Surgery may
lead to changes in the central or peripheral mechanisms
related to pain®®. Thus, pain sensitivity may increase and
function level may decrease. On the other hand, the negative
impact of abdominal surgery on core stabilization may be
another explanation for this relationship®°. Impaired core
stabilization may have negatively affected lower extremity
alignment, causing increased patellofemoral reaction forces,
pain, and functional impairment“°, Future studies should
explore the relationship between abdominal surgery history
and subjective and objective physical function in individuals
with PFP.

The study has some limitations. Although we took care
to prevent compensation while measuring isometric muscle
strength, some overlooked compensatory movements
may have affected the results. In future research, muscle
strength can be measured with methods such as an isokinetic
dynamometer, where compensatory movements can be
better prevented. Additionally, the use of muscle strength
measurements reflecting other contraction types may offer
a more complete picture. Secondly, although participants
filled out the scales used for subjective measurements under
our supervision, they may not have responded with adequate
care and consideration, which may have compromised the
reliability of the subjective measurements. Future studies
that use both subjective and objective measurements
together may provide more detailed results.

Conclusion

Self-reported lower extremity function was moderately
negatively correlated with fear of movement and positively
correlated with hip stabilizer muscle strength in women with
PFP. A history of abdominal surgery was associated with fear
of movement and may offer a tool that can be used to predict
fear of movement.
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