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ABSTRACT 

Objectives: To compare the effects of Neurocognitive training Versus Kinetic motor control exercise to improve the Q-

angle, kinesiophobia, proprioceptive and motor problem in PFPS. 

Methods: Comparative study, 30 subjects were allocated randomly into 2 groups. Group A (15 patients) & each was treated 

with Neuro-cognitive exercises with Short Wave Diathermy. Group B (15 patients) & each was treated with Kinetic Motor 

control exercise with Short Wave Diathermy. 10 weeks of intervention were provided. Both groups were assessed by using 

outcome measures like AKPS, TAMPA scale, IQP and Q-Angle measurement. 

Results: Statistical Analysis was done by unpaired‘t’ test and paired‘t’ test for the between group and within the group 

respectively. The mean and SD for AKPS in Group A is 6.20 ± 42.40 and Group B 9.00 ± 154.00. The mean and SD of 

Tampa scale in Group A is 17.87 ± 299.73 and Group B 14.07 ± 224.93.  The mean and SD for Isometric Quadriceps 

Pressure in Group A is 9.20 ± 198.40 and Group B 12.93± 158.93. The mean and SD for  ̔Q ̕-Angle in Group A is 7.27 ± 

94.93 and Group B 5.40 ± 61.60 respectively. 

Conclusion: This study concludes that Kinetic Motor Control Exercises (Group B) shows more significant effect than 

neurocognitive exercises (Group A) in improving the Q-angle, Kinesiophobia, proprioceptive and motor problem in PFPS.   

Keywords: Anterior knee pain rating scale, Patellofemoral pain syndrome, Isometric Quadriceps pressure, Q-Angle 

measurement & Kinesiophobia. 
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1. INTRODUCTION 

Patellofemoral pain syndrome is a most common musculoskeletal condition affecting the knee joint [1]. It included patients 

who had discomfort in the anterior knee, patella, or knee cap [2]. Retropatellar and peripatellar pain are common symptoms, 

which are exacerbated when the patellofemoral joint is stressed during activities such as running, jumping, squatting, 

kneeling, prolong sitting, ascending and descending stairs [3]. Annual prevalence of Patello-femoral pain in the general 

population was reported as 22.7%and adolescent as 28.9% in which females are more affected when compared to males 

[4]. Patients with PFPS have been reported to have greater patella-femoral joint stress, leading to increased cartilage and 

sub- chondral bone stress which causes injury and pain over time [5].It usually happens between the ages of 15 and 30yrs. 

Local factors such as VMO weakness cause lateral movement and tracking of the patella during the last 30 degrees of knee 

extension, thereby reducing the contact area of the patella-femoral joint and increasing PF joint stress [6]. Proprioceptive  
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deficit is present in PFP due to abnormal force acting on the surrounding soft tissue which can disrupt normal motor control 

and joint position sensation [7]. Proximal factor such as reduced strength of hip abductors and external rotators can lead to 

lower extremity mal-alignment (femoral adduction and medial rotation) which may place additional stress to patella-

femoral joint & leading to a predisposition to lateral patella tracking as the femur medially rotates underneath the patella 

[8].As the patellar lateral traction force increases, there is more pressure exert on the lateral facet of patella which results 

in a larger dynamic Q-angle [9]. When the Quadriceps angle (Q angle) exceeds 20 degrees, it is considered excessive& 

potentiating results in patella-femoral disorder [10]. Individuals with PFPS may acquire pain-related fears such as 

avoidance, catastrophizing thoughts, and low self-efficacy, all of which influence not only their function but also impair 

their quality of life [11]. This kinesiophobia and catastrophizing thinking are particularly relevant for impairment and pain 

chronification in patients with anterior knee pain [12]. Therefore long term prognosis is poor in PFP [13]. Short wave 

diathermy works on the principle of electromagnetic radiation and it helps to provide pain relief and improvement in 

functional activity in individual with PFPS [14]. As patellofemoral pain lasts for 2 to 6 years (3.46 ± 1.9 years)  [15], in 

addition to the local &proximal musculoskeletal changes there are some alterations takes place in CNS which is not known 

in the community. In persistent PFP Brain changes are evident due to loss of normal intramuscular coordination, which 

leads to the adoption of a more "simplified movement pattern," resulting in impaired motor control [16]. In evaluation of 

quadriceps muscle by using EMG& Transcranial magnetic stimulation they found that there is decreased corticomotor 

excitability or reduction in the cortical territory of neural networks that project to the quadriceps muscle and increased 

intracortical inhibition which leads to altered primary motor cortex organisation in persistent PFPS [17] . Neurocognitive 

rehabilitation exercises focus on both proprioceptive and motor problems that patients must address using higher brain 

functions like attention, awareness, memory learning, and processing physcomotor speed activity. During neurocognitive 

exercise motor imaginary is heavily considered. Decety, define motor imaginary as a dynamic state during which a person 

simulates a given action [18, 19]. By performing neurocognitive exercises the patient regain control over the dimensions 

of functional movement: spatiality, timing, and intensity.  Kinetic motor control identifies the location and direction of 

uncontrolled movement, and exercises are given to retrain motor control. Movement control retraining system has 3 key 

processes which involve in managing the uncontrolled movement: Retrain control of the site and direction of the 

uncontrolled movement. Control the translation that goes along with the uncontrolled movement via repetition. Correct 

muscle recruitment and length imbalance that associated with the uncontrolled movement [20].Therefore, this current study 

examines the effect of neurocognitive training versus kinetic motor control exercise training in individual with 

patellofemoral pain syndrome. 

2. MATERIALS AND METHODOLOGY 

This study was Comparative & followed by factorial randomised design. Research was conducted in a Tertiary Care 

Hospital at Puducherry. Patients with unilateral PFPS were selected based on inclusion criteria as follows: Both gender & 

age group 18-35 years were selected. People with non- traumatic anterior & retro patella pain presenting more than 2 years. 

Patient complains of pain during prolong sitting, ascending & descending stairs. Q-angle greater than 20 degree in women 

and 10 degree in men. Physical examination: Clarke’s test positive. Self -reported disability less than 85/100 on anterior 

knee pain scale. Exclusion criteria includes H/O of patella Fracture or dislocation. Previous H/O knee surgery. Knee joint 

effusion. Patient with patella tendon pathology. Previous history of Ankle & hip injury. Patient with lesion diagnosed on 

physical examination. Patient diagnosed with knee joint ligament & meniscal injury. Based on the power analysis done in 

the previous study 30 Patients were allocated randomly into two groups (Group A& Group B) with 15 patients each. 

Treatment Duration was carried for 10 weeks and the study duration was 12 months. Subjective outcome measure includes 

Kujala scale and Tampa scale. Objective outcome Measure includes Q-angle and Quadriceps isometric test. 

Procedure 

Here Short Wave Diathermy was used as a conventional therapy for both groups. Group A consists of 15 patients and each 

was treated with Neuro- cognitive exercises along with Short Wave Diathermy. Group B consists of 15 patients and each 

was treated with Kinetic Motor control exercises along with Short Wave Diathermy. 

3. GROUP A: NEUROCOGNITIVE REHABILITATION EXERCISES: 

Phase 1: Neurocognitive Exercises with Absence of Load (4 Weeks). 

1. Recognition of Knee Joint Range Position Exercise: Patient is positioned in supine lying and patient is asked to 

recognition the position in flexion / extension of the affected knee between 0̊ and 90 ̊.(Fig: 1) 

2. Recognition of Position with Check Board Exercise: Supine with unaffected leg is flexed and affected leg in 

extended position and Recognition of different position in space with check board and execution of circular path with 

heel maintaining the affected leg with knee extended.(Fig: 2) 

3. Recognition of Position in Curvilinear Trajectories: Patient was positioned in supine with unaffected leg is flexed 

and affected foot supported on an inclined plane. Recognition of position in flexion / extension of knee between 0 ̊and 
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90 ̊ with the heel resting on the sliding curvilinear trajectories.(Fig: 3) 

(All the above exercises in Phase 1 must be provided initially in first degree for 4 weeks by varying the angle of plane as a 

function of knee joint motion.) 

 

Fig: 1 Recognition of Knee Joint Range in Supine 

 

Fig: 2 Recognition of Position with Check Board Exercise 

 

Fig: 3 Recognition of Position in Curvilinear Trajectories 

 

First degree-eyes closed with the help of therapist (verbal or manual) support. 

Phase 2: Neurocognitive Exercise with Transfer of Load in Affected Leg on Weighing Scale (3 weeks). 

1. Transfer of Load in Affected Leg by Using One Scale: Patient was positioned in upright position with the 

affected leg on a scale and unaffected leg on an inclined plane with curvilinear trajectories. Patient was asked 

to perform different trajectories with the heel of unaffected leg in both uphill and downhill direction.(Fig : 4) 

2. Transfer of load in affected leg by using 2 scales: Patient was positioned in upright with unaffected leg is 

placed on one scale and affected leg is placed on 2 scales. (i.e) one for forefoot & other for the heel. Patient 

must transfer the load in affected leg from back to front on to the forefoot & front to back on to the heel.(Fig:5) 

 

Fig: 4 Transfer of Load in Affected Leg by Using One Scale. 
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Fig: 5 Transfer of load in Affected Leg by Using Two Scales. 

 

(All the above exercises in Phase 2 must be performed in second degree for 3 weeks.) Second degree: open eyes with the 

help of therapist. 

Phase 3: Neurocognitive Exercises with Transfer of Load in Affected Leg without Using Weighing Scale (3 Weeks). 

1. Transfer of Load in Varying Distance, Direction and Height: Patient was positioned in Upright position with 

affected leg on various heights. Patient must transfer the load in affected leg to carry out programmed steps with 

unaffected leg in various distance and direction.(Fig: 6) 

2.  Transfer of Load in Affected Leg by Performing Knee Circles: The Affected leg is placed on various heights. 

Patient must perform various circles in unaffected leg. (Fig:7) 

 

Fig: 6 Transfer of Load in Varying Distance, Direction and Height 

 

Fig: 7 Transfer the Load in Affected Leg by Performing Knee Circles 

(All the above exercises in Phase 3 must be performed in third degree for 3 weeks.) Third degree-Patients are executed 

independently under the supervision of therapist. 5mins of session. 3sessions per week. Each session lasting for one hour. 

Progress every 3 week & Total duration -10 weeks. 
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4. GROUP B: KINETIC MOTOR CONTROL EXERCISES: (HIP LATERAL ROTATION & ABDUCTION 

CONTROL REHABILITATION EXERCISES) 

The protocol for kinetic motor control exercise as follows: 10 repetition were done for each set of exercises. 3 sets per 

session and 3 sessions per week .Total treatment duration was carried for 10 weeks. Both group (A & B) were treated with 

SWD .This was applied for 10 minutes during each session. The treatment was carried out in 3 sessions per week, for a 

period of 2 weeks.  

Single Leg & High Knee Lift Exercise:  Patient stand with back against the wall and the feet 10-15 cm apart and heel 

should be 5-10 cm from the wall. Pelvis & trunk should be upright. Patient is instructed to shift the weight onto one foot 

and keeping the pelvis and shoulder at level, slowly lift the foot off the ground. The hip can lift into flexion 90 degrees 

only as far as the lateral rotation, abduction and pelvic position can be controlled. (Monitored with feedback) (Fig: 8)  

 

Fig: 8 Single Leg & High Knee Lift Exercise. 

                                                  

One Leg Knee Bend with Trunk Rotation Exercise: Patient stands facing the frame of the doorway or corner section of 

wall or doorframe. They should stand on one leg with inside border of the foot perpendicular to the wall with toes 

approximately 5cm from the wall. Patient first performs a Small knee bend to position the thigh & trunk against the wall / 

doorframe. Patient is instructed to turn the trunk & pelvis towards the stance leg. The patient should control hip& knee 

movement with the feedback. (Fig: 9)                 

 

Fig: 9 One Leg Knee Bend with Trunk Rotation Exercise. 

 

Bent Knee Hip Extension Exercise: Patient position themselves in 4 point kneeling & shift weight onto one knee. Instruct 

the patient to perform hip extension but allow the knee to straighten so that it is only flexed to about 20 or 30 degree. The 
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leg should stay in sagittal plane & not abduct out to side. Hip can lift into extension as for as lateral rotation abduction & 

pelvic rotation can be controlled. (Fig: 10) 

 

Fig: 10 Bent Knee Hip Extension Exercise. 

 

Single Leg Lift Exercise: Patient should be in crook lying with feet & knees together. Instruct the patient to lift the pelvis 

5cm off the floor while maintaining the neutral alignment. Later instruct the patient to transfer the weight to one foot & 

only lift the other foot a few centi- meter from the floor. The person should lift the unweighted leg as far as hip lateral 

rotation and abduction can be controlled. Progression= Fully extend the unweighted leg. (Fig: 11) 

 

Fig: 11 Single Leg Lift Exercise. 

 

5. HIP FLEXION MOTOR CONTROL EXERCISE: 

Vertical Trunk Single Leg ¼ Squat Exercise: Patient stand with back against a wall & feet with apart (heel 10-15 cm) 

apart with feet parallel. Heel should be 5-10cm from the wall.  It is instructed to shift their weight to one leg and perform 

single leg KB to squat position. Slide down until trunk stay on the wall and not in increased hip flexion. Progression: 

Perform above exercise unsupported against the wall. (Fig: 12)                                     

 

Fig:12 Vertical trunk single leg ¼ squat exercise 

 

Single Foot Lift Exercise: Patient stand with back against a wall & feet with apart (heel 10-15 cm) apart with feet parallel. 

Heel should be 5-10cm from the wall. Patient should perform SKB by sliding the trunk against the wall to ¼ squat position 
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with weight balanced equally on both feet. Then shift full weight onto one leg, allowing the pelvis &shoulder to keep the 

body weight centred over the weight bearing foot. Then lift the foot 15-20 cm off the floor. There should be no increase 

hip flexion over the stance leg. Progression: Perform above exercise unsupported against the wall. (Fig: 13) 

 

Fig: 13 Single Foot Lift Exercise. 

 

 Spinal Roll down Exercise:  Patient trunk support against the wall with feet apart & knee slightly flexed (hip flexor 

unloaded & wide base of support) heel 30-40 cm front of the wall. Instruct the patient to flexing the thoracic spine while 

rolling the pelvis backward to flatten the back onto the wall. Patient should monitor that they can feel the sacrum flattened 

against the wall only roll the spine down off the wall through partial flexion range. Ensure sacrum & upper pelvis can stay 

in contact with the wall and not roll forward into increased hip flexion. (Fig: 14)  

 

Fig: 14 Spinal Roll down Exercise. 

6. RESULTS 

The online program link www.socscistatistics.com is used to perform the statistical analysis of this study. According to the 

statistical analysis of Groups A and B, the AKPS mean and SD are 6.20 ± 42.40 and 9.00 ± 154.00, respectively, and the 

"t" value is -2.895 (see Table 1 & Graphical Representation1). Group A's Tampa scale mean and standard deviation are 

17.87 ± 299.73 and Group B's are 14.07 ± 224.93, with a "t" value of 2.404 (refer to Table 2 & Graphical Representation 

2). Group A's isometric quadriceps pressure mean and standard deviation are 9.20 ± 198.40 and Group B's are 12.93 ± 

158.93, with a "t" value of -4.162 (refer to Table 3 and Graphical Representation 3).Group A's ̔ Q ̕-Angle mean and SD are 

7.27 ± 94.93, while Group B's is 5.40 ± 61.60, with a "t" value of 2.1620 (refer to Table 4 & Graphical Representation 

4).The statistical analysis was done with unpaired t test between the Group A and Group B analysis shows significance (p< 

0.05) 
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GRAPHICAL REPRESENTATION: 1: AKPS mean score between group A& B: 

 

 

GRAPHICAL REPRESENTATION: 2 Tampa scale mean score between Group A & B: 

 

GRAPHICAL REPRESENTATION: 3: Isometric Quadriceps pressure mean score between Group A & B: 
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GRAPHICAL REPRESENTATION: 4: Q-Angle mean score between Group A & B: 

 

 

In Between group analysis, the mean values shows that Group B  is more significant than Group A and there is improvement 

in the AKPS, Isometric Quadriceps Pressure and decrease in  Tampa score , ̔ Q ̕-Angle  in Group B (Kinetic Motor Control 

exercise along with SWD) than  Group A (Neurocognitive exercise along with SWD).  

ANTERIOR KNEE PAIN RATING SCALE: (Between Group Analysis) Table No: 1:  Showing the Difference 

between Group A and Group B: 

Group Mean SD t-value p-value Significance 

Group A 6.20 42.40 -2.895 0.0072 <0.05 

Group B 9.00 154.00 

The ‘p’ value of AKPS is < 0.05 considered significant. The ‘t’ value of AKPS   is -2.895 with 28 degree of freedom. 

TAMPA SCALE: Table No: 2: Showing the Difference between Group A and Group B: 

Group Mean SD t-value p-value Significance 

Group A 17.87 299.73 2.404 0.0230 <0.05 

Group B 14.07 224.93 

The ‘p’ value of Tampa scale is < 0.05 considered significant. The‘t’ value of Tampa scale   is 2.404 with 28 degree of 

freedom. 

ISOMETRIC QUADRICEPS PRESSURE: Table: 3: Showing the Difference between Group A and Group B: 

Group Mean SD t-value p-value Significance 

Group A 9.20 198.40 -4.162 0.0002 <0.05 

Group B 12.93 158.93 

The ‘p’ value of IQP is < 0.05 considered significant. The‘t’ value of IQP is -4.162 with 28 degree of freedom. 

Q-ANGLE Measurement: Table: 4: Showing the Difference between Group A and Group B: 

Group Mean SD t-value p-value Significance 

Group A 7.27 94.93 2.1620 0.0393 <0.05 

Group B 5.40 61.60 

The ‘p’ value of Q - Angle is < 0.05 considered significant. The‘t’ value of Q – Angle is 2.1620 with 28 degree of freedom. 
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The result of this study shows that Group B (Kinetic Motor Control exercise along with SWD) shows decreased Tampa 

score,̔ Q ̕-Angle measurement and improvement in the AKPS score and Strength of Isometric Quadriceps Pressure than 

Group A(Neurocognitive exercise along with SWD). 

7. DISCUSSION 

 The present study is to compare the effects of neurocognitive training versus kinetic motor control exercise on 

Patellofemoral pain syndrome. Our goals of this study is to enhance proprioception, reducing kinesiophobia, decrease ̔ Q ̕-

angle, and fixing the motor issue which cause patellofemoral discomfort. 

Due to a lack of motor control parameters, patients in this study had trouble executing the exercise at first, experiencing 

excruciating pain and closing their eyes.Patients experiencing extreme discomfort received SWD treatment, rest that day, 

and instructions to do exercises at home. After receiving wall and parallel bar support at first, patients with poor motor 

control were progressively moved to no support. They became more confident as a result of the workout reeducation. 

Verma Chhaya et al., [14] For two weeks, PFP received continuous SWD treatment, which helped them with pain 

management, sedation, tissue healing promotion, muscular spasm reduction and increased range of motion through 

analgesic effects, decreased viscosity, and increased in collagen extensibility. The present study also followed the same 

physiological effects mentioned above therefore it helps to alleviate the pain and improving the functional status in patients 

with PFP. 

Numerous investigations have demonstrated that PFPS might result from a weak thigh muscle group that throws off the 

knee alignment [21, 22, 23]. Insufficient hip muscular strength, particularly in the abductor and external rotators, causes 

the hips to adduct and rotate internally, which raises the ̔ Q ̕-Angle by increasing the lower extremities' relative valgus. The 

contact pressure on the patellofemoral joint might rise by 45 ̊for every 10 ̊increase in the ̔ Q ̕ angle [24]. The efficiency of 

strengthening the quadriceps vs the posterolateral hip muscles for PFP was investigated by Khalil Khcyambashi et al. 

[25].Six months after the intervention, the posterolateral hip exercise group continued to show superior results.  

Physical therapists must treat PFPS with proximal hip intervention since it provides both short-term and long-term pain 

alleviation and increased function, according to a comprehensive review by Jeroen S.J. Peter et al. [1]. According to Seyed 

Esmaeil Shafiei et al. [26], six weeks of abductor and adductor muscle exercise, in particular, improved step-down test 

performance when compared to the adductor group. This suggests that strengthening the abductor muscles is more crucial 

and effective in reducing pain and enhancing joint function in patients with PFPS. Given the findings of Mascar et al. [27], 

it becomes sense to assume that stronger hip abduction and external rotation muscles resulted in a decrease in adduction 

and internal rotation of the stance limb during the functional activity, which could lower the dynamic Q-Angle and thereby 

lower the lateral force acting on the patella. All the above studies seems to be consistent with the finding of our study that 

Kinetic Motor Control exercise for proximal hip flexors, abductor and external rotators help to decrease hip adduction and 

internal rotation which decrease the ̔ Q ̕ -Angle and thereby reduce  the lateral force acting on the patella . This combination 

of increased muscle strength and improved motor control of motion results in pain relief and an improvement in lower 

extremity kinematics. Diana M Higgins et al., [19] in their study of  ̏ The relationship between chronic pain and 

neurocognitive function  ̋  suggested that untreated pain may be linked to neurocognitive impairment in areas like memory, 

attention, processing speed, and executive function, as well as to emotional distress. These factors may affect the patient's 

capacity for pain self-management and may lead to a decline in overall functioning .F.Capellino et al., [18] have shown 

that Neurocognitive Rehabilitation protocol uses higher cognitive structure such as memory, attention, perception, vision, 

motor imaginery and problem solving in ACL reconstruction patients. The joint afferent, which acts on gamma motor 

neurons and indirectly determines the excitability of motor neurons that control various muscles, would give the task of 

advancing future course of action, according to the information structure of joint studies conducted by Johanson. The joint 

lesion changes the way afferents travel from the periphery to higher levels of processing like the cortex, making it more 

difficult to build the necessary information.  

The findings of our study correlates with the above statement by providing adequate afferent information from joint 

structure like proprioception and proper muscle coordination of Quadriceps leads to increase in corticomotor excitability 

of motor neuron in the higher cortex. In order to improve motor behavior and rectify the incorrect lower extremity motor 

strategy in patellofemoral pain syndrome, neurocognitive exercises help the patient regain control over the cerebral 

parameters of functional movement, such as spatiality, timing, and intensity. 

 As discussed above, the study's results indicate that both the neurocognitive exercise (Group A) and the kinetic motor 

control exercise (Group B) improve PFPS's Q-angle, kinesiophobia, proprioceptive difficulty, and motor issue. However, 

kinetic motor control (Group B) exhibits more significance than neurocognitive rehabilitation exercise (Group A). 

The study's shortcomings included compensatory movements such as pelvic hiking, excessive hamstring strain, and other 

factors that affected the actual value of quadriceps muscle strength as measured with a pressure cuff and gluteus muscle 

activity. The Isometric Quadriceps Pressure strength was not compared between the affected and unaffected limb in this 

study. 
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 Future Studies can be conducted for patellofemoral arthritis in the elderly population. Neurocognitive & kinetic motor 

control exercises can be conducted on musculoskeletal conditions like IT band syndrome, Piriformis syndrome and soft 

tissue injury around the knee joint and the above exercises can be compared with manual therapy techniques. Other tools 

can be used to measure the muscle activity like EMG & Sensor devices.  

8. CONCLUSION 

This study concluded that 10 weeks intervention of Kinetic Motor Control Exercises along with SWD (Group B) shows 

more significant than neurocognitive exercise along with SWD (Group A) in improving the Q-angle, Kinesiophobia, 

proprioceptive and motor problem in PFPS.  

Acknowledgements: We thank all the participants of this study for their valuable time and cooperation. 

Conflicts of interest: There is no conflict of interest in this study and there was no funding agencies used in this study. 

REFERENCES 

[1] Jeroen S.J. Peters, PT, Natalie L. Tyson, PT, “Proximal exercises are effective in treating patellofemoral pain 

syndrome”- a systematic review, International Journal of Sports Physical Therapy, Volume 8, Number 5, 

October 2013, Page 689.PMID :24175148:PMICD: PMC3811739. 

[2] Saima Saddique, Umair Ahmad, and Hafiz Muhammad Asim, “Disability among Patients with Patellofemoral 

Pain Syndrome and Instability among Patients with Anterior Knee Pain”, J Nov Physiother 8: 400. 

DOI:10.4172/2165-7025.1000400. 

[3] Gabriela Souza de Vasconcelos, Guilherme Silva Nunes, Christian John Barton Raquel Fantinelli Munhoz, 

Maria Eduarda Chinotti Batista da Silva, Giulia Keppe Pisani, Bruna Calazans Luz and Fábio Viadanna 

Serrão, “Adding muscle power exercises to a strength training program for people with patellofemoral pain” 

protocol of a randomized controlled trial, Physical Therapy Department, Federal University of Sao Carlos 

(UFSCar), Rodovia Washington Luis Km 235, São Carlos, São Paulo CEP 13565-905, Brazil ,(2021) 22:777 

https://DOI.org/10.1186/s13063-021-05748-x 

[4] Benjamin E. Smith, James Selfe, Damian Thacker, Paul Hendrick, Marcus Bateman, Fiona Moffatt, Michael 

Skovdal Rathleff Toby O. Smith, Pip Logan, “Incidence and prevalence of patellofemoral pain”, A systematic 

review and meta-analysis, PLoS ONE 13(1): e0190892January 11, 2018,.https://DOI.org/10.1371/journal. 

pone. 0190892 

[5] David Hryvniak • Eric Magrum • Robert Wilder, “Patellofemoral Pain Syndrome”, An Update. Curr Phys 

Med Rehabil Rep 2, 16-24(2014), https://DOI.org/10.1007/s40141-014-0044-3. 

[6] Khyati J Chavda, Sandip Prekh,  “Effect of functional stabilization training in pain and muscle activation ratio 

of vastus medialis obliqus and vastus lateralis in individual with patellofemoral pain” Randomized Control 

Trial, International Journal of Physiotherapy Res 2020, Vol 8 (2): 342028.ISSN23211822. 

DOI:https://dx.doi.org/10.16965/ijpr.2020.113. 

[7] Devrim AKSEKI, Gokhan AKKAYA, Mehmet ERDURAN, Halit PINAR, “Proprioception of the knee joint 

in patellofemoral pain syndrome” , Acta Orthop Traumatol Turc 2008; 42(5):316-321 

DOI:10.3944/AOTT.2008.316. 

[8] Denisa Manojlović1 Žiga Kozinc, Nejc Šarabon, “Trunk, Hip and Knee Exercise Programs for Pain Relief, 

Functional Performance and Muscle Strength in Patellofemoral Pain”, Systematic Review and Meta-Analysis. 

Journal of Pain Research 2021:14 1431–1449 https://DOI.org/10.2147/JPR.S301448. 

[9] Skouras A Z, Kanellopoulos A K, Stasi S, “Clinical Significance of the Static and Dynamic Q-angle” (May 

11, 2022) cureus 14(5): e24911. DOI 10.7759/cureus.24911. 

[10] Khasawneh RR, Allouh MZ, Abu-El-Rub E, “Measurement of the quadriceps (Q) angle with respect to 

various body parameters in young Arab population” , PLoS ONE 14(6):2019 e0218387. 

https://DOI.org/10.1371/journal.pone.0218387. 

[11] Benjamin E. Smith, Paul Hendrick, Marcus Bateman, Fiona Moffatt, Michael Skovdal Rathleff James Selfe6, 

Toby O. Smith and Pip Logan, “A loaded self-managed exercise programme for patellofemoral pain” a mixed 

methods feasibility study. BMC Musculoskeletal Disorders (2019) 20:129https://doi.org/10.1186/s12891-

019-2516-1. 

[12] Julio Domenech • Vicente Sanchis-Alfonso • Laura Lo ´pez • Begon ˜a Espejo, “Influence of kinesiophobia 

and catastrophizing on pain and disability in anterior knee pain patients”, Knee Surg Sports Traumatol Arthro 

sc (2013) 21:1562–1568 DOI 10.1007/s00167-012-2238-5. 

[13] Natalie J Collins,Sita M A Bierma-Zeinstra, Kay M Crossley,Robbart L van Linschoten, Bill Vicenzino, 

Marienke van Middelkoop, “Prognostic factors for patellofemoral pain: a multicentre observational 



Neurocognitive Training Versus Kinetic Motor Control Exercises on Patellofemoral Pain 

Syndrome- Randomised Controlled Trial 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 1149 
 

 

analysis”,Br J Sports Med 2013 Mar;47(4):227-33. DOI:10.1136/bjsports-2012-091696.EPUB 

2012Dec13.PMID: 23242955. 

[14] Chhaya verma,Vijaya Krishnan, “Comparison between Mc Connell patellar taping and conventional 

physiotherapy treatment in the management of patellofemoral pain syndrome”, A Randomized controlled 

trial. JKIMSU, Vol1, No. 2, July-Dec.2012.ISSN2231-4261. 

[15] Arzu Ya giz On, Burhanettin Uluda g, Emin Taskiran, and Cumhur Ertekin, “Differential Corticomotor 

Control of a Muscle Adjacent to a Painful Joint”. Neurorehabil Neural Repair 2004; 18: 127–133. DOI: 

10.1177/0888439004269030. 

[16] Sheri Silfies, Jeniffer M C Vendemia, Paul F beattle,Jill Campell Stewart, “Changes in Brain Structure and 

Activation May Augment Abnormal Movement Patterns”, An Emerging Challenge in Musculoskeletal 

Rehabilitation. Pain Medicine 2017; 18: 2051–2054 DOI: 10.1093/pm/pnx190. 

[17] Maxine Te, BHlth Sci/MPhysio, BHlthSci (Hons),* Abrah~ao F. Baptista, PhD,† Lucy S. Chipchase, PhD,* 

and Siobhan M. Schabrun, PhD, “Primary Motor Cortex Organization Is Altered in Persistent Patellofemoral 

Pain”. Pain Medicine 2017; 0: 1–11 DOI: 10.1093/pm/pnx036. 

[18] Cappellino, T. paolucci, F. Zangrando, M. Iosa, E. Adriani, P. Macini. A. Bellelli. V. M. Saraceni, 

“Neurocognitive rehabilitative approach effectiveness after ACL reconstruction with patellar tendon”, .A 

Randomized controlled trial, European journal of physical and rehabilitation medicine 2011; Vol.47:1-14 

[19] Diana M. Higgins PhD, Aaron M Martin, PhD, Dewleen G. Baker, MD, Jennifer J. Vasterling, PhD and 

Victoria Risbrough Phd, “The relationship between chronic pain and neurocognitive function”, A systematic 

review. clin J Pain .2018March ;34(3):262-275.doi:10.1097/AJP000000000000536. 

[20] Mark comerford, Sarah Mottram, “Kinetic control” T,he management of uncontrolled movements,.2012 

Elsevier  Australia CAN 001 002 357.(A division of Reed international book Australia Pty Ltd) tower 1,475 

Victoria Avenue ,Chatswood ,NSW 2067. 

[21] Robinson RL, Nee RJ et al, “Analysis of hip strength in females seeking physical therapy treatment for 

unilateral patellofemoral pain syndrome”,The Journal of orthopaedic and sports physical therapy. 2007; 37 

(5):232-8, https://www.jospt.org/doi/10.2519/jospt.2007.2439. 

[22] Bolgla LA, Malone TR, Umberger BR, Uhl T, “ Hip strength and hip and knee kinematics during  stair descent 

in females with and without patellofemoral pain syndrome”, The Journal of orthopaedic and sports physical 

therapy. 2008; Jan; 38(1):12-8.doi:10.2519/jospt.2008.2462.Epub 2007 Nov 21.PMID:18349475. 

[23] Piva S, A Goodnite E, Childs J, “Strength Around the Hip and Flexibility of Soft Tissues in Individuals With 

and Without Patellofemoral Pain Syndrome”, Journal of orthopaedic and sports physical therapy 

2005;Dec;35(12):793-801.DOI:10.2519/jospt.2005.35.12.79.PMID:168481100. 

[24] Mahsa Emamvirdi, MA, † Amir Letafatkar, PhD,*† and Mehdi Khaleghi Tazji, PhD†, “The Effect of Valgus 

Control Instruction Exercises on Pain, Strength, and Functionality in Active Females with Patellofemoral Pain 

Syndrome”, Article in Sports Health A Multidisciplinary Approach · April 2019 DOI: 

10.1177/1941738119837622. 

[25] Khalil Khayambashi, PT, PhD, Alireza Fallah, PT, MS, Ahmadreza Movahedi, PhD, Jennifer Bagwell, DPT, 

Christopher Power, PT, PhD, “Posterolateral hip strengthening exercise versus Quadriceps strengthening for 

patellofemoral pain”, A Comparative  trial: Archives of physical medicine and Rehabilitation 2014 the 

American Congress of Rehabilitation Medicine. http://dx.doi.org/10.1016/j.apmr.2013.12.022 

[26] Seyed Esmaeil Shafiei1, Hamed Jafarpour2, Zahra Madani1, Hanieh Adib1, Siavash Moradi1, Parisa Islami 

Parkoohi1, Zahra Safari , “Effects of Hip Exercises on the pain Severity in Patients with Patellofemoral Pain 

Syndrome”, Internal Medicine and Medical Investigation Journal E-ISSN: 2474-7750. Copyright (c) the 

author(s). This is an open  access  article  under  CCBY license. 

(https://creativecommons.org/licenses/by/4.0/)/http://dx.doi.org/10.24200/imminv.v3i4.8).  

[27] Mascal CL, Landel R, Powers C, “Management of patellofemoral pain targeting hip, pelvis, and trunk muscle 

function”, 2 Case reports. J Orthop sports Phys. Ther. 2003; 33:647-660. 

 
 


