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Abstract 

The aim of this study was to determine the effect of selective functional movement 

assessment (SFMA)-based therapeutic corrective exercise on knee joint pain in a patient 

with patellofemoral pain syndrome (PFPS) after pregnancy. PFPS is one of the most 

common causes of knee pain. The present study was conducted in a 35-year-old woman 

with chronic PFPS following pregnancy. She was seen every other day, 3 times a week for 

8 weeks. Physical therapy was performed for tight muscles and fascia in the front, rear, 

left, and right following mat relaxation, with use of a form roller and corrective exercises 

suitable for SFMA after simple manual therapy. Corrective exercises were performed 

with pattern assist, unload, pattern assist with load, and load, based on a 4 × 4 matrix 

and the patient's status and exercise capacity. For each corrective exercise, photographic 

materials were also provided so that the patient could carry out the corrective exercises 

at home. The treatment time per session was 50 minutes. Multi-Segmental Flexion showed 

improvement from Dysfunctional Non-painful (DN) to Functional Non-painful (FN), 

Multi-Segmental Extension showed improvement from DP to FN, Single Leg Stance (both 

right and left) showed improvement from DN to FN, and Overhead Deep Squat showed 

improvement from DP to FN. The Straight Leg Raising (SLR) test showed an increase on 

the right from 82° to 90° and from 63° to 81° on the left. The Kujala questionnaire score 

increased from 63 to 94. The visual analogue scale (VAS) score decreased from 8 to 3. 

SFMA-based therapeutic corrective exercise was effective for chronic PFPS after 

pregnancy in this patient 
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1. Introduction 

Patellofemoral pain syndrome (PPS) is one of the most common causes of knee pain 

[1, 2]. A reason may be that the the movement of the patella is unstable during flexion and 

extension [3]. Studies have also reported that overuse injury, abnormal muscular function, 

hypermobility of the patella, lateral tightness, and poor flexibility of the quadriceps are 

also causes [4]. One study compared differences in groups with and without PPS by 

measuring hip external rotation strength, hip abductor muscle strength, length of the 

tensor fascia lata myocutaneous flap, length of the quadriceps, hamstring length, 

gastrocnemius length, and flounder muscle length. The study reported that the group with 

PPS showed greater deterioration in flexibility according to the difference in the length of 

quadriceps, hamstring, and gastrocnemius muscle flounder [5]. Thus, the definition of 

PPS is very broad and imprecise, as indicated by its description as a“syndrome.” Many 

studies have suggested that treatment requires attention to the length of the hamstring. 
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The group with PPS showed 145.6 in the length of the hamstring in the supervene 

position, whereas the control group exhibited 153.7, showing a significant difference [6]. 

The straight leg raising test was positive at 75.28° in the group with PPS, and 80° in the 

group without PPS [7], which is consistent with the 80° [8] reported for normal range in 

functional movement assessment, and the 80° [9] reported for normal range for the 

passive straight leg raising test in selective functional movement assessment. A study of 

the correlation between straight leg raising and PPS reported that hamstring shortening 

results in quadriceps weakening, eventually causing muscle imbalance and PPS. Another 

study [10] found that straight leg raising with the stroke ankle in dorsiflexion, while 

externally rotating the hip in patients with and without PPS, activated the vastus medialis 

oblique and the vastus lateralis, affecting knee stability. In assessing PPS, a recent study 

on the dynamic Q test reported that a dynamic straight leg raising test is more significant 

than a static test such as the Q angle and navicular drop test [7]. The author also stated 

that the reliability issue of PPS of the static Q-angle patellofemoral pain syndrome is not 

structural but instead functional or caused by dynamic imbalance [11-15], 2011; Wolf 

Petersen et. al). It was reported that the most significant contributor to dynamic imbalance 

is pain, and that pain inhibits muscle contraction and muscle function [16-18]. Another 

study reported that pain affects the attitude control strategy, as well as movement [19-21]. 

Another study found that even after the pain has resolved, bad posture persists [22]. 

Therefore, the elimination of dynamic imbalance is very important not only for 

therapeutic implications but also for solving the second problem. Pregnant women report 

various pains before and after delivery. In particular, PPS occurs because of postural 

change, joint pressure, and weight change [23]. After pregnancy, many physical and 

emotional changes occur. Pregnancy protects the fetus through adaptation to physical 

changes and other factors related to hormonal changes. This causes a change in skeletal 

muscle, leading to pain [24]. One study reported that pregnancy weight directly affects the 

knee [25]. Previous studies reported that women within each of the different periods after 

birth complain of pain and discomfort [26, 27]. Sources of pain related to childbirth are 

genital, back, and pelvic. However, detailed studies on these sources of pain are lacking. 

Therefore, the present case study aimed to evaluate intervention related to pain and 

movement assessment in a patient with PPS. 

 

2. Methods 
 

2.1. Participant 

The present study was conducted in a 35-year-old woman with chronic IPC after a 

delivery, who was admitted to B Hospital located in Do-bong-gu, Seoul. The patient 

reported that she visited the hospital in order to prevent any more injuries in her second 

pregnancy, as related to her current pain. She visited the hospital every other day, 3 times 

a week for 8 weeks.  

 

2.2. Intervention 

Physical therapy was performed for tight muscles and fascia in the front, rear, left, and 

right following mat relaxation, with use of a form roller and corrective exercises suitable 

for selective functional movement assessment (SFMA) after simple manual therapy. 

Corrective exercises were performed with pattern assist, unload, pattern assist with load, 

and load, based on a 4 × 4 matrix and the patient's status and exercise capacity. [28]. For 

each corrective exercise, photographic materials were also provided so that the patient 

could carry out the corrective exercises at home (Table 1). The treatment time per session 

was 50 min. If pain was present in the knee or the treatment seemed excessive, the patent 

was allowed to use an ice pack. 
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Table 1. Corrective Exercise 

 Movement Description 

Flexion 

pattern 1 

 

Fully bring the knee to the chest 

and roll back and forth in a cast roll.  

Flexion 

pattern 2 

 

With one leg supine, hold the knee 

and try to extend the leg.  

Extension 

pattern 1 

 

Support yourself with one arm in 

the prone position with knees bent, 

place the other arm behind the head, 

and perform a combined extension 

and rotation exercise. 

In the supine position, raise one leg 

to the opposite knee with legs 

crossed, and stretch it.  

Extension 

pattern 2 

 

Support yourself with one arm in 

the prone position with knees bent, 

place the opposite arm behind the 

head, and perform a combined 

extension and rotation exercise. 

 

Rotation  

pattern 1 

 

With both arms raised in the supine 

position, straighten one leg, roll to 

prone position, extend the leg 

backward, and return to the supine 

position.   
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Rotation 

pattern 2 

 

Support yourself with one arm in 

the prone position while on your 

knees, place the opposite arm behind 

the back, and perform a combined 

extension and rotation exercise.  

Single  

leg stance 

pattern 1 

 

Flex both knees at 90° in the supine 

position 

  Temple of the arm and the 

opposite leg alternately 

With the other limbs at 90°, extend 

the arms in turn, maintain the other 

limbs at 90° degrees, and repeat the 

extension of the arm and leg. 

Single 

leg stance 

pattern 2 

 

With one arm and leg on the floor 

in the supine position, roll from side 

to side, with the crossed arm and leg 

on the opposite side held close to each 

other.   

Overhead 

deep squat 

pattern 1 

 

Tense the abdomen in the 

quadrupedal position, straighten the 

arms onto the floor, bend the knees, 

and lie prone.  

Overhead 

deep squat 

pattern 2 

 

With one arm, support yourself in 

the prone position with knees bent, 

place the opposite arm behind the 

head, and perform combined 

extension and rotation exercise.  

 

2.3. Measurement 

 

2.3.1. Selective Functional Movement Assessment (Movement Screening): Selective 

functional movement assessment (SFMA) is used to evaluate normal functional 

movement patterns (Table 2). It is also used to evaluate dysfunctional movement with 

seven types of movement tests in patients with musculoskeletal disorders [28]. SFMA has 

also been performed in individuals without musculoskeletal disorders. As a result, high 
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confidence values were obtained. For internal reliability of SFMA, the kappa coefficients 

between three evaluators were 0.72-0.83, indicating almost perfect agreement, and the 

agreement rate was 83-88% [31]. 

Table 2. SFMA Assessment 

 Movement Description 

Multi-

segmental 

Flexion 

 

Even Thoracic and Lumbar joint (-) 

Hip joint Flexion (Sacral Angle > 70) (-) 

T-L Junction over feet (-) 

Able to touch the Toes (+) 

 

Multi-

segmental 

Extension 

 

Shoulder Flexion clear Ears (-) 

No Tremor at abs (+) 

Thoracic and Lumbar extension (-) 

Scapular Clear Heels (-) 

 

Multi-

segmental 

Rotation 

(Right) 

 

Pelvic Rotation to 50 (-) 

Trunk Rotation 50 more than pelvis (+) 

No spine or pelvic deviation (+) 

No excessive Knee Flexion (-) 
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Multi-

segmental 

Rotation 

(Left) 

 

Pelvic Rotation to 50 (-) 

Trunk Rotation 50 more than pelvis (+) 

No spine or pelvic deviation (+) 

No excessive Knee Flexion (-) 

 

Single leg 

stance 

(Right) 

 

Static Balance (+) 

Dynamic balance (+) 

Maintain Height (+) 

No sway (+)  

 

Single leg 

stance 

(Left) 

 

Static Balance (-) 

Dynamic balance (+) 

Maintain Height (-) 

No sway (+)  

 

Over head 

deep squat 

 

Thigh Below Knees (-) 

Even Weight Distribution (+) 

Upper Body Upright Posture (+) 

Maintain Shoulder Flexion (+) 

Point Forward (-)  

 

 

 

2.3.2. Straight Leg Raising Test (Movement Screening): The straight leg raising test is 

used to examine the flexibility of the lower extremity as part of FMS. According to the 

criteria of the Korean FMA version, 3 points are given if a bar is raised from the ankle to 

a level between the thigh and anterior superior iliac spine of the opposite lower extremity, 
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2 points are given if the bar is raised to a level between the thigh and patella of the 

opposite lower extremity, 1 point is given if the bar is raised to a level lower than the 

patella, and 0 points are given if the subject has pain or the test is not properly performed 

[29]. The straight leg raising test is performed actively or passively [30]. Thus, if the test 

cannot be performed actively, it is attempted passively, based on structural or motor 

control problems. 

 

2.3.3. Kujala Scoring Questionnaire: The Kujala score is not well known in Korea; it 

was developed by Dr. Urho Kujala in 1993, specifically for use with PPS. The score is 

based on a total of 13 categories: 1. Limp, 2. Support, 3. Walking, 4. Stairs, 5. Squatting, 

6. Running, 7. Jumping, 8. Prolonged sitting with knee flexed, 9. Pain, 10. Swelling, 11. 

Abnormal painful kneecap movement, 12. Atrophy of thigh, and 13. Flexion deficiency. 

Associated questions vary according to items: function, pain, and structure; the 

measurement of each item is set according to the characteristics. 

 

2.3.4. Visual Analogue Scale (VAS): The VAS is a commonly used and simple pain 

assessment tool [34]. In the present study, numbers were entered at 1-cm intervals on a 

10-cm scale, with 10 considered most painful and 0 not at all painful. 

 

 

3. Results 

The results of the present study are as follows: in SFMA, Multi-Segmental Flexion 

(MSF) showed improvement from Dysfunctional Non-painful (DN) to Functional Non-

painful (FN); Multi-Segmental Extension (MSE) showed improvement from 

Dysfunctional painful (DP) to FN; Single Leg Stance (SLS) (both right and left) showed 

improvement from DN to FN; and Overhead Deep Squat (ODS) showed improvement 

from DP to FN (table 1). The Straight Leg Raising (SLR) test showed an increase on the 

right from 82° to 90° and from 63° to 81° on the left (table 2). The Kujala score for pain 

assessment and activities of daily living increased from 63 to 94 points (table 3). The 

VAS for pain improved from 8 to 3 (table 4). 

Table 3. SFMA(Movement screening) 

 

 Pre-test Post-test 

MSF Dysfunctional Non-painful Functional Non-painful 

MSE Dysfunctional painful Functional Non-painful 

MSR (right) Dysfunctional Non-painful Dysfunctional Non-painful 

MSR (left) Dysfunctional Non-painful Dysfunctional Non-painful 

SLS (Right) Dysfunctional Non-painful Functional Non-painful 

SLS (Left) Dysfunctional Non-painful Functional Non-painful 

ODS Dysfunctional painful Functional Non-painful 
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Table 4. Straight Leg Raise Test (Movement Screening) 

 

 Pre-test Post-test 

Right 82° 90° 

Left 63° 81° 

 

Table 5. Kujala Scoring Questionnaire 

 

 Pre-test Post-test 

1. Limp 3 5 

2. Support 3 5 

3. Walking 3 5 

4. Stairs 4 8 

5. Squatting 3 5 

6. Running 6 8 

7. Jumping 2 10 

8. Prolonged sitting with knee flexed 6 10 

9. Pain 6 8 

10. Swelling 10 10 

11. Abnormal painful kneecap movement 10 10 

12. Atrophy of thigh 3 5 

13. Flexion deficiency 3 5 

Total 63/100 94/100 

 

Table 6. Visual Analogue Scale 

 

 Pre-test Post-test 

Score 8 3 

 

4. Discussion 

The present study was conducted to identify the effects of SFMA-based correction 

exercises on knee joint pain in a patient with PPS following pregnancy. Based on prior 

research on movement assessment, the SFMA and SLR, rather than the Clark test [35] or 

Q angle [36] used in the diagnosis of PPS, were adopted as an assessment tool. The 

Kujala scoring questionnaire and VAS were used to assess pain. The results were as 

follows.  

In the SFMA screening, multi-joint extension improved from DN to FN, multi-joint 

rotation (right) was unchanged at DN, multi-joint rotation (left) was unchanged at DN, 
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one-leg standing (right) improved from DN to FN, one-leg standing (left) improved from 

DN to FN, and the overhead deep squat changed from DP to DN. As suggested by 

Petersen et al. (2014), pain in multi-joint extension and overhead deep squat with manual 

therapy for correction and mobility indicates that PPS is not structural but instead 

functional or caused by dynamic imbalance.  

The straight leg raising test increased on the right from 82° to 90° and from 63° to 81° 

on the left. The Kujala score increased from 63 to 94. Given that the angular difference 

affected the degree of pain, it was verified again that shortening of the hamstring affects 

patellar pain, as reported by White, Dolphin, & Dixon (2009). The VAS score improved 

from 8 to 3. In conclusion, the findings suggest that PPS should be managed as a 

functional or operational imbalance, as reported in multiple prior studies [11-15]. Future 

research requires study of a larger number of subjects, and PPS mediated through a 

variety of motor controls should be studied. 
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