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ABSTRACT 

Patellofemoral Pain (PFP) is one of the common musculoskeletal disorders among athletes. Hamstring tightness is the most important 
problem in PFP. It leads to a hamstring injury that is the most common type of injury among athletes, resulting in their dysfunction. 
Until now, no studies have been conducted on the comparison of static stretching and Muscle Energy Technique (MET) in athletes with 
PFP. This study aimed to compare the effects of these two therapeutic techniques on hamstring tightness, function, and pain in athletes 
with PFP. This study was conducted on 66 high-level male athletes with PFP from various sports (soccer, volleyball, and basketball). 
The participants were categorized randomly into three groups:  an experimental group of 22 participants (24.47±3.48 years) that 
received static stretching, another  experimental group of 22 participants (23.13±4.14 years) that received MET, and a control group of 
22 participants (23.56±4.49 years) that received no interventions. The training sessions were held five days a week for two weeks. The 
assessment was done before the training, immediately after the two-week training, and two weeks later. Active Knee Extension (AKE) 
test, Numerical Rate Scale (NRS), and Kujala test were used to evaluate hamstring flexibility, pain, and function, respectively. 
Repeated measurement test showed significant improvements in hamstring flexibility, pain, and function in the MET and static stretch 
groups after the intervention (P<0.05). However, no significant changes were found in the control group. MET was found to be more 
effective than static stretch in the improvement of hamstring flexibility, pain, and function in athletes with PFP. 
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Introduction   

Patellofemoral Pain (PFP) is a common disorder among athletes 

[1], which accounts for 24-40% of all knee problems in sport 

medicine centers [2]. Hamstring tightness is normally detected 
in patients with PFP [3]. The hamstring is a type of muscle 

groups that tend to shorten [4]. Hamstring strain is a common 
soft tissue injury among athletes [5]. Hamstring flexibility 

reduces the risk of injury [6] and improves athletic function [7]. 
Muscle tightness leads to decreased performance [7]. Flexibility 

is an essential element of normal biomechanical functioning in 

sports [8]. To date, the evaluation of different types of 
stretching methods has revealed various results regarding the 

improvement of hamstring tightness. Coaches and trainers 

apply stretching techniques to reduce injury and improve 
athletes’ performance [9]. Yet, it is necessary to find more 

efficient methods for improving the activity of athletes with 

PFP. Until now, no studies have been conducted on the 
comparison of static stretching and Muscle Energy Technique 

(MET) in athletes with PFP. Therefore, the present study aims 

to compare the effects of two therapeutic methods on hamstring 
flexibility, pain, and function in athletes with PFP. 
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Materials and Methods   

Participants 

This randomized, controlled, prospective trial was conducted 

on 66 high-level athletes recruited from various sports (soccer, 

volleyball, and basketball). The inclusion criteria were aging 
18-30 years, male gender, suffering from unilateral PFP in the 

dominant lower limb (knee pain when going up and downstairs 

and when kneeling and sitting with a bent knee for a long time 
and positive Apprehension Patella and Clarke’s tests), obtaining 

45-70 scores in Kujala test, obtaining 3-6 scores in the 
Numerical Rating Scale (NRS), and tight hamstring (inability to 

achieve greater than 160° of knee extension with the hip at 90° 

of flexion). The exclusion criteria of the study were having 
fractures or dislocations at least six months before the study, 

having a history of surgical operations of lower extremities, 

suffering from rheumatoid arthritis, taking sedative drugs, 
doing physical therapy treatments, and lack of complete 

attendance in the intervention sessions for more than two days. 

A randomization list was electronically generated and used by 
an individual not involved in the recruitment, evaluation, or 

treatment processes. The participants were divided into three 

groups using random allocation: an intervention group (n=22) 
that received MET, another intervention group (n=22) that 

received static stretch, and a control group (n=22). It is worth 

mentioning that written informed consent was obtained from 
all participants. The study protocol was approved by the Ethics 

Committee of Shiraz University of Medical Sciences and was 

registered in the Iranian Registry of Clinical Trials 
(IRCT201608022391N23).  

Procedure and intervention  
The athletes were asked to lie in a supine position. Lumbar and 
opposite hip movements were further limited by the use of a 5 

cm wide strap positioned across the anterior-superior iliac 

spines. The hip remained at 90° flexion with the fastened strap. 
In the MET group, the knee was passively extended until it 

reached the resistance point where the athletes performed a 

hamstring isometric contraction (50% of maximal voluntary 
isometric contraction), held for 10 seconds, and relaxed for 10 

seconds. Next, the knee was held at a greater extension range 

by the therapist for 10 seconds. This technique was repeated 
three times with 10-second intervals [10]. In the static stretch 

group, the therapist passively raised the lower leg, extending 

the athlete’s knee to the extension. The athletes were 
instructed to inform the therapist when a strong uncomfortable 

but tolerable stretch was felt. A constant stretch was maintained 
for 30 seconds. This technique was repeated three times with 

10-second intervals [11]. The therapeutic methods were 

performed five days a week for two weeks. The assessment was 
done before the training, immediately after the two two-week 

training, and two weeks later.  

This study was single-blinded; the therapist who performed the 

measurements and analyzed the data was blind to group 
allocation. In the control group, clinical tests were performed 

without any interventions. Yet, for ethical considerations, the 
control group participants were provided with some 

information about hamstring tightness and efficient techniques 

at the end of the study.  

Outcome measures 

Active Knee Extension (AKE) test 

AKE is an active test considered as a gold standard for 

hamstring flexibility assessment [12]. In this test, the 
participant is placed in a supine position with the hip joint in 

90° of flexion and then, the knee is extended actively. The 

first marker was placed on the greater trochanter, another 
on the lateral knee joint, and another on the apex of the 

lateral malleolus [13]. Pictures were taken (Figure 1) and 

transferred to the computer and knee extension were 
analyzed using the Image J software [14]. 

 

 
Figure 1. Analysis of knee extension using the Image J 

software 

 

Numerical Rating Scale (NRS) 

NRS is used for pain assessment [15]. In this assessment, the 

patient states the rate of one’s pain from 0 to 10, 
representing no pain and the worst pain, respectively [16].  

Kujala test 

This test is used to evaluate the knee joint function in PFP 

[17]. It is a reliable questionnaire that contains 13 parts. The 
total score of the questionnaire is equal to 100, which shows 

the maximum function of the knee joint. Lower scores, on 

the other hand, indicate higher disability or involved 
function [18].  

Statistical analysis   

http://www.irct.ir/searchresult.php?id=2391&number=23
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Statistical analyses were performed using the SPSS statistical 
software, version 22.0. Descriptive statistics were reported as 

means and standard deviations. A repeated measurement test 
was used to compare the clinical test measurements in each 

group three times. Besides, one-way Analysis of Variance 

(ANOVA) was applied to determine the differences among the 
study groups. In case of significant differences, Tukey’s post-
hoc test was performed. P≤0.05 was considered to be 
statistically significant. 

Results and Discussion 

The results showed no significant difference among the three 

groups regarding age, height, weight, and Body Mass Index 

(BMI) (Table 1).  

Table 1. General characteristics of the study participants 

Baseline evaluation MET group Static group Control group P-value 

Age (years) 23.13±4.14 24.47±3.48 23.56±4.49 0.550 

Height (cm) 168.90±6.41 172.14±5.34 167.60±5.34 0.805 

Weight (kg) 67.86±15.02 69.19±14.04 63.47±8.56 0.304 

BMI (kgm-2) 23.53±3.51 23.15±3.08 22.50±2.27 0.507 

BMI, body mass index; MET, muscle energy technique 
 
Before the intervention, no significant differences were found 

among the three groups regarding any of the study variables. 
According to the results of the Levene test, the data followed a 

normal distribution. The results of the clinical tests before the 

intervention, immediately after the two-week training, and two 
weeks later have been presented in Table 2. 

 

Table 2. Clinical test results in the three groups before the intervention, immediately after the two-week 
training, and two weeks later 

MET group (n=22) 

Outcome measures 
Pre-test Post-test 1 Post-test 2 

P-value 
Mean ± SD 

AKE (degree) 142.08±2.10 162.37±2.23 166.02±1.59 ˂0.001 

NRS (score) 4.04±0.29 2.36±0.27 1.86±0.23 ˂0.001 

Kujala (score) 60.50±2.38 74.59±2.60 78.40±2.15 0.0001 

Static stretch group (n=22) 

AKE (degree) 141.32±2.81 147.83±3.23 150.28±2.95 ˂0.001 

NRS (score) 4.63±0.25 3.45±0.29 2.86±0.23 ˂0.001 

Kujala (score) 61.50±2.01 63.95±2.04 66.09±2.03 0.0001 

Control group (n=22) 

AKE (degree) 136.31±3.77 135.00±3.42 134.68±3.41 0.134 

NRS (score) 4.31±0.26 4.59±0.24 4.68±0.25 0.148 

Kujala (score) 56.31±1.97 56.31±2.04 56.22±2.01 0.793 

AKE, active knee extension; NRS, numerical rating scale; MET, muscle energy technique 
 

The results revealed significant differences regarding the 
outcome measures in both intervention groups from pretest to 

post-test 1 and post-test 2 (P˂0.001). However, no significant 

difference was found in the control group from the pretest to 

post-test 1 and post-test 2 (P˃0.05). 
ANOVA was used to assess differences among the three groups. 

Accordingly, no significant differences were observed among 
the three groups regarding AKE, Kujala test, and NRS before 

the trial (P˃0.05). Immediately after the two-week 

intervention (Figure 2), however, a significant difference was 
found between the MET and static stretch groups concerning 

AKE (P˂0.01), NRS (P=0.01), and Kujala test (P˂0.01). 

Moreover, a significant difference was observed between the 
MET group and the control group concerning AKE, NRS, and 

Kujala test (P˂0.001). Also, a significant difference was 

observed between the static stretch group and the control group 
regarding AKE (P=0.01), NRS (P=0.01), and Kujala test 

(P=0.04).
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Figure 2. Multiple comparisons of AKE, NRS, and Kujala test immediately after the two-week training 

 
After two weeks (Figure 3), a significant difference was found 

between the MET and static stretch groups regarding AKE, 

Kujala test (P˂0.001), and NRS (P=0.01). Additionally, a 
significant difference was observed between the MET group and 

the control group concerning AKE, NRS, and Kujala test 

(P˂0.001). Furthermore, a significant difference was observed 

between the static stretch group and the control group 

regarding AKE, Kujala test, (P˂0.01), and NRS (P˂0.001).

 

 
Figure 3. Multiple comparisons of AKE, NRS, and Kujala test after two weeks 

 
Flexibility is an important factor in physical fitness [4]. Some 

trials have been performed to improve hamstring flexibility. In 

the present study, both MET and static stretch increased 
hamstring flexibility. Besides, a comparison of MET and static 

stretch showed that the former could be more efficient in the 

improvement of hamstring flexibility among the athletes with 

PFP. Odunayia et al. reported that static stretching could be 

significantly helpful in hamstring flexibility [4]. Similar results 
were also obtained by Nelson and Bandy. They revealed that the 

static stretch increased the muscle length significantly [7]. 
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Consistently, Cheraladhan et al. demonstrated that MET was 
effective in lengthening the tight hamstring muscle [19]. MET 

could increase the muscle length by the combination of creep 
and plastic changes in the connective tissue [20]. Adel Rashad 

stated that MET resulted in greater improvement in hamstring 

flexibility compared to dynamic stretching [21]. The mechanism 
of MET for increasing the muscle length involves both 

neurophysiological (including changes to stretch tolerance) and 

mechanical factors (such as viscoelastic and plastic changes in 
the connective tissue elements of the muscle) [22]. The 

effectiveness of MET has been attributed to the inhibitory Golgi 

tendon reflex, as well [23].  
The present study results showed a decrease in pain after the 

interventions. A reason for PFP is the increase in subchondral 

bone stress [24]. A tight hamstring causes increased 
patellofemoral compressive force [4]. This factor is decreased 

with the flexibility of the hamstring muscle, which was shown 

in this study in both intervention groups and more significantly 
in the MET group. 

Increasing the athletes’ function is a common goal for both 
athletes and sports medicine clinicians [25]. In the present 

study, both MET and static stretch increased function. 

Furthermore, a comparison of MET and static stretch indicated 
that the former could be more efficient in improvement of 

function among the athletes with PFP. In the same line, 

Odunayia et al. stated that muscle tightness was a limiting factor 
for optimal physical performance and an important factor for 

sports injury [4]. Post-isometric relaxation is the main 

mechanism of MET for increasing flexibility. Moreover, 
increased stretch tolerance affects the mechanism of MET [26]. 

Hence, MET is more efficient in comparison to static stretch. 

In conclusion, the present study demonstrated that both MET 
and static stretching were effective in hamstring muscle pain, 

flexibility, and function among the athletes with PFP. Besides, 

MET was found to be more effective than static stretch in the 
improvement of hamstring muscle flexibility, pain, and function 

among the athletes with PFP. Yet, future studies are 

recommended to compare other stretching methods for 
improvement of hamstring tightness, pain, and function in 

athletes with PFP. 

Conclusion 

The present study concluded that both MET and static 

stretching are effective in relieving pain in athletes with PFP. 

Besides, MET was preferred over static stretching in 
improvement of hamstring tightness and athletes' function. Yet, 

future studies are recommended to compare other stretching 

methods to improve the hamstring tightness, pain and function 
in athletes with PFP. 
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