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Abstract

Obijective: This study aims to compare the pain intensity and physical fitness parameters of athletes with and without
anterior knee pain.

Material and Methods: This is a comparative cross-sectional study including elite athletes between the ages of 13-
19 years. Twenty-one athletes with a VAS score of more than 3 were assigned to the knee pain group, while 19
athletes without knee pain were assigned to the control group. Visual analogue scale, lower extremity functionality
scale, lower extremity and trunk flexibility and endurance, dynamic Q angle of both groups were measured and
compared.

Results: The mean age was 16.95 +1.4 in the knee pain group and 16.32 £1.5 in the pain-free control group. There
difference in age, gender, weight, height, or body mass index values between the groups (p>0.05). The number of
repeated squats, duration of single leg stance, hip abductor strength and lower extremity functional scale values were
statistically lower in the knee pain group (p<0.05). The analyses revealed a negative correlation between anterior
knee pain and trunk extensor endurance and lower extremity functions of athletes. Hip endurance was positively
correlated with flexibility tests and negatively correlated with the Q angle.

Conclusion: Core endurance is linked to hip endurance and flexibility. An increase was observed in the hip
endurance values as the Q angle decreased. Pain intensity and Q angle decreased as lower extremity functionality
values increased. To prevent sports injuries in athletics, risk factors for anterior knee pain should be reduced.
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Introduction

Athletics is a basic sports branch consisting of running, throwing, jumping,
multiple branches, cross country running, mountain and slope running. Elite
athletes often encounter sports injuries due to the nature of sports, with knees
and hip being the most common areas of injury [1]. While ankle and knee
are the frequent sites of injury in running, knee, thigh and lower back injuries
are more common in throwing and jumping branches [2]. Anterior knee pain

is a typical problem that significantly limits the participation of athletes in
sports [3]. In athletes, knee pain is usually caused by overuse injuries. The
cause of these injuries is repetitive and excessive stress on the
musculoskeletal structure [4]. Knee pain is categorized by its location as
anterior, medial, lateral, and posterior. Hoffa syndrome, idiopathic anterior
knee pain, infrapatellar bursitis, Osgood-Schlatter disease, osteochondritis
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dissecans, patellar stress fractures, patellar tendinitis, prepatellar bursitis,
quadriceps tendinitis and Sinding-Larsen-Johansson syndrome may occur in
the anterior region. Patellofemoral pain syndrome (PFPS) is defined as
anterior knee pain associated with these problems [5]. The prevalence of
PFPS in athletes is 15%-45%. It is stated in the literature that PFPS is caused
by overloading of the joint in those who perform activities such as running,
jumping, squatting, and climbing [6]. PFPS has recently been re-defined as
pain around or behind the patella aggravated by movements that load the
joint during these activities [7]. Factors reported to be associated with PFPS
in the literature include quadriceps strength and angle, hip biomechanics,
strength, and endurance [8]. Studies have also shown decreased strength of
the painful lower extremity of athletes with knee pain. Finoff et al. reported
decreased hip strength in individuals with PFPS secondary to pain, stating
that this decrease was due to the lower chain mechanism aligned from top to
bottom. Based on the lower chain mechanism, it is recently believed that the
strength and endurance of the hip muscles have a significant effect on the
knee joint, and hip muscle weakness may play a role in the risk of PFPS. In
addition, it has been reported in the literature that the loss of gluteus maximus
muscle endurance may be associated with the internal rotation of the knee
due to its role in the external rotation of the hip [9]. The gluteus maximus,
medius, and external rotators are important shock absorbers during running.
These muscles should be both strong and flexible in an elite athlete.
Quadriceps (Q) overuse, hip muscle weakness, and muscle imbalance are
factors that increase knee pain. Decreased hip and knee muscle flexibility,
gait abnormalities, exercise mistakes, and changes in the Q angle of athletes
pose a potential risk in the knee region [10]. A 2003 study by Ireland et al.
showed a lower range of motion of hip abduction and less isometric strength
of hip external rotation in individuals with PFPS (11). Another 2015 study
showed increased lower extremity chain alignment and improved patella
chain movements with the strengthening of the gluteus medius muscle. At
the same time, excessive retropatellar joint pressure decreases and knee pain
reduces [12]. Despite these studies, there is no clear explanation in the
literature about the effect of gluteus medius muscle weakness on PFAS [13].
It has been stated that the muscle strength and endurance of not only the knee
and hip regions but also the trunk may be affected due to pain and loss of
function in the patellofemoral region. In parallel with this view, Earl and
Hoch demonstrated in their study that an increase in core endurance led to a
decrease in patellofemoral pain [14]. Later pain-related loss of function also
negatively affects flexibility [3,4,9]. Eventually, knee pain can be directly
related to the strength, endurance and flexibility of the hip and trunk muscles.
It has been reported that future studies should focus on the relationship
between knee pain and hip muscle strength [9]. This study compared athletes
with and without PFPS for various reasons in terms of pain intensity,
endurance, flexibility, and lower extremity functions. The results of this
study may highlight risk factors for anterior knee pain in elite athletes and
help create correct exercise. Moreover, these results can provide athletes
with a valuable roadmap for returning to sports after injury.

Material And Methods

The study including athletes between the ages of 13-19 registered in XXX
was a cross-sectional study and was approved by the Scientific Research and
Publication Ethics Committee with the XXX file number of XXX Ethics
Committee. The study was conducted in accordance with the principles of
the Declaration of Helsinki. The inclusion criteria for the study were to be a
licensed athlete for at least 1 year, to have no history of orthopedic injury in
the past 6 months, and to have a VAS score above 3. A history of surgery in
the knee region, a long-term (at least 1 month) camp program, and a lack of
motivation were determined as the criteria for exclusion from the study.
Athletes who were examined by a sports physician and diagnosed with PFPS
were included in the knee pain group, and those without pain were included
in the control group. They were assessed by a physiotherapist in XXX units
and their measurements were taken. Eight athletes with anterior knee pain
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with a VAS score of less than 4 were excluded from the study. As a result,
21 athletes were assigned to the knee pain group (KPG), while 19 athletes
were assigned to the control group (CG). Athletes were informed about the
purpose of the study and signed an informed consent form. Parental consent
forms were signed by the families of the athletes under the age of 18 years.
Sociodemographic information of the athletes was obtained and the Visual
Analogue Scale (VAS), Lower Extremity Functionality Scale (LEFS), lower
extremity and trunk flexibility and endurance tests were applied to the
athletes, and dynamic Q angle was measured.

Assessments:
Sociodemographic Characteristics

Athletes' gender, age, height, body weight, body mass index (BMI), athletics
branch, sports age and number of weekly training sessions were determined.
Pain status and duration were questioned.

Dynamic Q angle

When the relevant extremity touches the floor while descending the stairs,
the photograph of the athlete was taken from the lateral aspect and the Q
angle was measured with a software called DrGoniometer. The measurement
was made bilaterally and noted [15].

Lower Extremity and Core Endurance:
3.1. Repeated squat test

The athlete started squatting while in a standing position and continued the
repetitive movement without interruption. The number of repetitions
performed within 30 seconds (sec) was recorded during the test period [16].

3.2. Single leg stance test: The athlete was asked to stand on one leg, with
the other leg flexed, hands placed on the waist, and to maintain this position.
The time to stay in this position without a break was noted in sec [16].

3.3. Hip abductor endurance test

The athlete laid on the stretcher in a side-lying position, with the lower leg
flexed. The upper leg was abducted. A sandbag corresponding to the
calculated weight was tied to the ankle of the abducted leg by calculating 7%
of the athlete's body weight. The time of maintaining the position was
recorded in sec [17].

3.4. Trunk Flexor Endurance Test

The athlete was asked to stand in a supine position, with the trunk flexed at
60 degrees and the knees at 90 degrees, and to maintain this position. The
test was terminated when the desired flexion position was disrupted and the
time of maintaining the position was noted in sec [18].

3.5. Trunk Extensor Endurance Test

For Mcgill's extensor endurance test, the athlete laid prone, with the pelvis,
hips, and knees supported on the stretcher and the upper body off the edge
of the table in a straight or slightly extended position. The athlete was asked
to maintain this horizontal position and his/her feet were stabilized by
physiotherapist. The time until the athlete could no longer maintain the
position was recorded in sec [18].

3.6. Trunk Lateral Flexion Endurance Test

In the side-lying position, the athlete was asked to lift his body on the
forearms and toes. The time until the athlete could no longer maintain the
position was calculated in sec and noted [18].

3.7. Lower Extremity Functionality Scale (LEFS)
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LEFS consists of 20 items and each item is scored on a 5-point scale from 0
(extreme difficulty) to 4 (no difficulty). The total score is 80 points. As the
score increases, functionality increases [19].

1.Flexibility
4.1. Sit-and-Reach Test

The table used in the test measures 35 centimeters (cm) in length, 45 cm in
width, and 32 cm in height. The upper surface measures 55 ¢cm in length and
45 cm in width. It protrudes 15 cm from the side on which the athlete will
rest his/her feet. The upper surface of the table is divided into intervals from
0 cmto 50 cm. The athlete put the soles on the box and bent the torso forward
as much as possible by extending the arms forward without bending the
knees. She/he stretched and reached along the top of the ruler as far as
possible and tried to stay still. The longest distance that the athlete could
reach on the ruler was considered the test result [20].

4.2. Trunk Lateral Flexion Flexibility Test

The athlete was asked to stand with the arms extended near the trunk, the
feet slightly opened and parallel to each other. The point where the third
finger of the hand touched the femur was marked and the athlete was asked
to perform trunk lateral flexion as much as she/he could without rotation.
The new point where the third finger of the hand touched was marked and
the distance between the two points was measured [21].

4.3. Trunk Extension Flexibility Test

The athlete was asked to extend the trunk as much as possible while facing
the wall with the trunk in contact with the wall. The distance between the
wall and the sternal notch was measured in the first and last test positions
and recorded [21].

4.4. Hip Adductor Flexibility Test

The athlete was asked to bring the knees closer to the floor while sitting with
the soles of the feet touching each other. The knee-to-floor distance was
measured with a tape measure [22].

Page 3 of 6

4.5. Quadriceps and lliopsoas Flexibility Test

The subject was asked to flex the knee to 90 degrees while lying face down.
In this position, she/he was asked to raise the leg from the floor and the knee-
to-floor distance was measured with a tape measure [23].

Pain Intensity

According to VAS, pain intensity rated as 1-2-3 indicates mild pain, 3-6
indicates mild-moderate pain, and 7-8-9-10 indicates moderate-severe pain.
The athlete was asked to mark the point that best represents his/her level of
pain in the past 24 hours on a 10-cm horizontal ruler [24].

Statistical Analysis

SPSS version 22 software package was used for data analysis. Descriptive
data were given as mean, standard deviation, minimum, maximum, number,
and percentage (%). Categorical data were compared between the groups
using the chi-square test. Numerical data were compared using the Mann-
Whitney U test. Spearman's rho test was used for correlation analyses.
Values of p<0.05 and p<0.01 values were considered significant.

Results

A total of 40 elite athletes participated in the study, 20 from the athletics
branch, 10 from the jumping branch, 9 from the running branch, and 1 from
the multi-branch. The mean age of the participants, of whom 28 were male
and 12 were female, was 16.65 + 1.5 years. The mean sports age was 6.33 +
2.2 years. The mean number of weekly training sessions was 5.95 + 0.3 days.
The mean height of the athletes was 173.43 + 9.2 cm, the mean body weight
was 66.60 + 12.1 kg, and the mean BMI was 21.87 + 2.3 kg/m2. The
comparison of the demographic characteristics of the groups showed no
significant difference (p>0.05). While 21 (52.5%) of the athletes had anterior
knee pain, 19 (47.5%) had no pain. The mean duration of pain was
approximately 44+3.2 days in the knee pain group. The physical fitness
parameters of the athletes are summarized in Table 1.

KPG (n=21) CG (n=19) p-value

RST (reps/30 sec) 34.71 £ 6.5 (20-45) 54.11 + 13.3 (32-79) <0.001
SLST (sec)

right 109.10 + 49.5 (10-185) 348.63 £ 192.6 (90-900) <0.001

left 122.52 + 61.3 (33-285) 336.79 + 193.7 (92-840) <0.001
HAE (sec)

right 82.57 + 30.5 (34-170) 115.00 + 43.6 (50-240) 0.017

left 84.43 £37.3 (30-180) 117.89 + 40.8 (48-233) 0.007
TLE (sec)

right 76.10 £ 30.6 (26-130) 102.58 £ 71.7 (47-317) 0.371

left 86.00 + 36.6 (32-180) 99.89 + 57.5 (42-230) 0.871
TFE (sec) 158.24 + 104.6 (43-420) 271.32 £ 300.9 (62-980) 0.409
TEE (sect) 93.39 + 43.3 (20-178) 122.37 +92.6 (34-432) 0.432
SRT (cm) 40.64 + 8.6 (22-53) 41.21 +9.5 (25-56) 0.957
THFT (cm) 33.26 +10.6 (15-50) 37.28 +13.5 (2-52) 0.171
TLFFT (cm)

right 26.50 8.1 (13-40) 25.26 + 4.8 (18-33) 0.625

left 27.38 +7.8(13-41) 25.07 +5.2 (17-33) 0.392
HAET (cm)

right 23.00 £ 7.2 (15-41) 21.26 £ 5.3 (13-35) 0.635

left 22.81 +6.3 (12-36) 21.39 +4.7 (14-36) 0.559
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QIFT (cm)
right 32.47 + 5.7 (21-46) 30.97 + 7.1 (18-43) 0.548
left 33.00 + 6.3 (25-46) 30.57 * 9.6 (4-47) 0.455
LEFS 54.57 + 6.5 (39-63) 73.89 + 6.1 (59-80) <0.001
VAS 6.62 + 0.6 (6-8) 0.63 + 1.4 (0-6) <0.001
Q angle
right 13.90 £ 2.3 (9-18) 10.11 £ 1.4 (7-12) <0.001
left 13.52 + 1.4 (11-16) 10.37 £ 1.7 (8-15) <0.001

The number of repeated squats, duration of single-leg stance, and hip
abductor endurance values were statistically lower in the knee pain group
(p<0.05). Although the trunk lateral, flexor, and extensor endurance values
were lower in the knee pain group compared to the control group, the
differences were statistically insignificant (p>0.05). The comparison of the
groups in terms of flexibility values revealed no significant difference
(p>0.05). The lower extremity functionality scale (LEFS) scores were lower
in the knee pain group compared to the control group (p<0.001). Correlation
analyses of the measured parameters are given in Table 2. There was a strong
negative correlation between VAS and repeated squat test values and
duration of single-leg stance. As VAS values increased, repeated squat test
values decreased and the duration of single-leg stance was shortened.
Similarly, a negative correlation was found between VAS and LEFS values.
There was a strong and positive correlation between VAS and Q angle. The
Q angle increased as VAS increased. A moderately negative correlation was
found between VAS and hip endurance values. There was also a significant
and positive correlation between hip endurance values, the number of
repeated squats, the duration of single-leg stance, and LEFS values (Table
2).

Discussion

In this study on elite athletes, the pain intensity, endurance, flexibility, and
functionality of athletes diagnosed with PFPS were compared with the
parameters of athletes without pain. According to the results, the endurance
values of the hip muscles were directly associated with the flexibility of the
hip and knee muscles. Moreover, the decrease in the dynamic Q angle
showed a positive correlation with the endurance values of the hip region.
The core region covers the area between the base of the rib cage and the top
of the hip bone when viewed from the opposite side. It is the general
nomenclature of the waist, abdominal and hip muscles that combines the
body and skeleton. The strength of this region provides an advantage to the
athletes [25]. Studies in the literature have reported weakness and shortness
of the hip and knee regions as risk factors for core endurance loss [26]. In
parallel with the literature, the results of our study showed that the athletes
with high hip flexibility and endurance scores also had high core endurance
scores. In 2018, Ozan et al. investigated the effects of static and dynamic
core exercises added to football training programs [27]. They reported that
core exercises added to the training program increased the trunk flexion and
extension endurance values of the football players, with no significant
increase in the lateral trunk endurance values. They emphasized that core
exercises should be included in football training programs. Unlike this
conclusion, we found an association between trunk endurance scores of three
aspects (flexion-extension-lateral) and lower extremity flexibility and
endurance scores. The inclusion of athletes from different sports branches
may be the reason for these two different results. Anterior knee pain due to
various reasons can cause loss of strength and avoidance of movement [28].
A study comparing PFPS and healthy people found that the lateral trunk
endurance of the pain group was 24% less than that of the control group [29].
This result was interpreted by the researchers as altered lower extremity
biomechanics by anterior knee pain. Considering the kinematic chain, this is
in line with our hypothesis. We observed more knee and hip strength loss in
athletes with high VAS values. Another study conducted in 2018 performed
EMG on participants during the lateral trunk endurance test. The results

objectively demonstrated the link between the lateral trunk muscles and the
gluteus medius muscle [5]. Utting et al. examined the coactivation of the
gluteus medius and adductor longus muscles and compared the anterior knee
pain group with the control group. The results of the study revealed lower
coactivation in the pain group than in the control group [30]. Both studies
have emphasized the negative effect of knee pain on hip muscles. Our
comparison of the hip and core endurance values of the study groups showed
no significant difference. Since the loss in the already strong muscles of the
athletes was not meaningful enough to disrupt the lower chain mechanism,
PFPS only affected the knee and surrounding tissues locally. The significant
difference between the repeated squat and single-leg stance scores of the
groups also clarified this result. Given the literature, the Q angle is indicated
as an important risk factor for PFPS. A possible increase in this angle
adversely affects pelvic and hip mechanics. The Q angle of athletes with high
athletic performance is measured to be less compared to other athletes [31].
Q angle is frequently used not only in sports activities but also in our daily
life. In contrast to the static Q angle, the dynamic Q angle is more associated
with functionality and balance [32]. According to our results, the dynamic Q
angle was correlated with pain, lateral trunk endurance, and flexibility.
Besides these, it also affects the static and dynamic balance. Brezzo et al.
stated that the Q angle should be 10 degrees or less for the quadriceps to exert
a strong pull [33]. The dynamic Q angles of athletes in the control group are
in parallel with this interpretation. The dynamic Q angles of the athletes
without pain were statistically lower than those of the pain group. Quadriceps
with a good pulling force both reduces the Q angle and helps extend the H
muscle. When the Q angle increases due to PFPS, the patella is medially
displaced. This change may be masked in the acute period, but if the problem
becomes chronic, disruptions are observed in the lower chain mechanism
[34]. The mean pain duration in the knee pain group was one and a half
months. Although no loss of endurance was observed in the knee pain group
in this short period of time, the Q angle was adversely affected by pain.
During lower extremity movements, the core region moves involuntarily
[35]. The core region transmits its force to the lower extremities by force
transmission. Based on this information, the correlation between extensor
and lateral trunk endurance and hip endurance demonstrated by our results
is as expected. However, the absence of a similar correlation with flexor
trunk endurance indicates that the same transmission does not occur in all
movements. It has been stated in the literature that the link between strength,
endurance, and flexibility should not be ignored for force transmission
[36,37]. While a 2020 study reported no relationship between endurance and
muscle strength and flexibility, the literature is divided into two in this
respect. There are also studies showing no correlation between strength and
endurance and flexibility [38,39]. According to our results, lower extremity
flexibility and Q angle are correlated. We evaluated anterior knee pain
intensity with VAS and found that pain was correlated with lower extremity
functionality. PFPS-related pain causes reciprocal inhibition by reducing the
number of motor units in the muscles, restricting the use of the knee, and
reducing functionality [40]. While the correlation between pain and
functionality in our results was predictable, it was unexpected that the Q
angle was only correlated with hip abductor endurance among our
parameters. Based on this result, we recommend paying attention to hip
muscle strengthening in athletic training. In line with the correlation of pain
intensity with hip endurance and Q angle, we are of the opinion that
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kinematic chain problems can be masked by compensatory mechanisms in
athletes with strong muscles. Continuing training regardless of the knee pain
felt can pave the way for serious sports injuries. Furtermore, it can negatively
affect the hip and core regions. For this reason, knee pain should be
considered by physiotherapists and the athlete should be referred to a sports
physician after assessment. Thus, most serious problems can be prevented
before injury occurs. Risk factors for anterior knee pain should be eliminated
and athletes and trainers should be informed about this. Our study has some
limitations. The small number of athletes included in the study and the study
planning for a single sports branch are among the limitations.

Conclusions

In conclusion, PFPS is associated with hip endurance, functionality, and Q
angle. The more pain an athlete with a diagnosis of PFPS feels, the less hip
endurance values and lower extremity functionality he/she has. In order to
increase performance and prevent injuries in athletes, risk factors for anterior
knee pain should be reduced. Strength, endurance, and flexibility values
should be measured with objective methods at regular intervals, and the Q
angle should be followed up.
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