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Abstract   

AIM: Firstly, this study aimed to compare between different clinical findings commonly measured in physical therapy 
among healthy individuals and those with patellofemoral pain syndrome (PFPS). Secondly, this study aimed to 
investigate the correlation between several clinical findings in individuals with PFPS including Craig’s test, 
quadriceps (Q) Angle and Kujula test and the findings of computed tomography (CT). 

METHODS: Twenty-nine healthy individuals and thirty individuals diagnosed with PFPS were enrolled in the study 
after signing a consent form. The examiner took the medical history and fills the data collection sheet for each 
participant and they were examined for the following measures Craig’s test, Q-Angle and Kujula test. The 
participants in the experimental (PFPS) group were further investigated using CT. 

RESULTS: There was no significant difference between patients and controls in the mean age, weight, height and 
BMI. Significant decrease of Kujula in patient group compared to control group (p=0.0001) and there was significant 
increase of Q angle and Criage test in patients than controls (P= 0.026 and P= 0.017 respectively). There was 
significant positive correlation between Kujula and congruence angle and patellar weber (P < 0.01). Moreover, 
significant positive correlation was observed between Craig’s test and patellar tendon ratio. While, negative 
correlation was found between Q angle and patellar tendon ratio. 

CONCLUSIONS: Kujala Score, Q angle and Criage test were proved to be valid and sensitive to clinical changes 
in PFPS and have moderate to good concordance with CT parameters. 

Introduction 

Patellofemoral pain syndrome (PFPS) is 
considered one of the most common knee problems 
among active young individuals [1]. It affects 25% of all 
knee injuries seen in orthopedic and sport clinics [2]. 
Practice in sports and daily activities may be affected 
by PFPS and more individuals continue to have 
problems even after a full treatment program had been 
introduced [3], [4]. The individuals who are diagnosed 
with PFPS have a reduction in activities of daily living 
(ADL), work and sport contribution [5]. PFPS have 
been found in athletic people who participate in sportive 
events, military persons and general population [6]. 
The etiology of PFPS is multifactorial in nature. There 
was a good level of evidence existing the relationship 
between PFPS and patellar alignment and mechanics, 
foot mechanics, and hip strength and mechanics [7]. 

Deterioration of functional level and increased 
pain intensity could be associated with muscle 
weakness, increased soft tissue tightness, excessive 
foot pronation, increased Q angle, external tibial torsion 
and increased femoral anteversion, less efficient 
movement, and increased levels of anxiety and fear-
avoidance beliefs [8]. So, our knowledge of the most 
important elements related to pain and function may 
assist in selecting the most valuable treatment method 
for individuals with PFPS that will improve their pain 
and level of function.  

There was evidence that both clinical and 
biomechanical testing have a conclusion that increased 
patellofemoral contact pressure were associated with 
increased femoral ante-version but still not correlated 
with the radiological testing [9], [10]. During loading the 
response phase of the normal gait cycle the femur 
internally rotated in the transverse plane and adducted 
in the frontal plane [11]. There have been conflicting 
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evidence regarding the association of femoral 
anteversion and PFPS development [12], [13]. 

There was no definite evidence of the 
association of quadriceps (Q) angle as a risk factor in 
developing PFPS. Change in Q angle from normal 
values has also been related to PFPS [14], [15]. 
Although many studies have not found any differences 
in Q angle when comparing individuals with PFPS with 
healthy individuals [2], [16], [17], [18]. In addition, the 
specific point of angulation that is thought to be of great 
value to precipitate a person to knee symptoms still be 
unclear [14], [15]. Excessive Q-angle alone is not 
responsible for developing PFPS. In a previous study 
there was 16% of the males and 20% of the females in 
the control group had greater Q-angles without any 
knee symptoms [19].  

The measurements provided by a multi-
detector computed tomography (MDCT) scan of the 
knee joint, such as trochlear groove-tibial tuberosity 
(TG-TT) distance and the kind of patella are of 
increased importance to the clinician in selecting the 
appropriate therapeutic procedure. The additional 
value of MDCT with respect to conventional axial 
radiographic projections of the knees at 30° flexion is 
providing the assessment of patello-femoral joint in the 
axial plane, with the lower extremity in extension and in 
early degrees of flexion. A CT scan performed with the 
knees in at least 20° flexion allows to examine the 
behavior of patella when it enters in the femoral 
trochlea, identifying the most serious cases in which 
the patella is dislocated in flexion [20]. 

The aim of this research work was to 
investigate how different physical measures including 
level of knee joint dysfunction using Kujula scale, Q 
angle and femoral anteversion using criage test can 
predict the development of PFPS in comparison with a 
control group of healthy individuals. Also, to investigate 
the relationship between these physical measures and 
radiological findings using a multi-detector computed 
tomography (MDCT) scan.  

 

Material and methods 
 
Participants  

Ethical approval obtained from the review 
board at Faculty of physical therapy, Cairo University 
before conducting the study [No.: 
P.T.REC/012/002961] which followed the guidelines of 
declaration of Helsinki on the conduct of human 
research. Individuals approached between September 
2020 and March 2021 to participate in this cross-
sectional study. 

The sample includes two groups (control and 
another experimental) (A n = 29 & B n = 30) for 
comparison purposes among normal population who’s 
their age between 16-40 years of normal nonathletic 
individuals [21], [22]. Individuals had participated in this 

study if they were diagnosed by orthopedic surgeon 
with PFPS. The control group will be an age matched 
by normal volunteers. Then, participants of both groups 
provided informed consent after explaining the nature, 
purpose, and value of the study, emphasizing their 
freedom to refuse or withdraw at any time, and about 
the confidentiality of information. The convenient 
sample of fifty-nine recruited from our clinic of the 
faculty of physical therapy, Cairo University and age 
match healthy volunteers were enrolled and assessed 
for their eligibility to participate in this study and 
assured about anonymity through coding of all data 

In the experimental group the participants 
complained from pain in one knee, with a duration of 
signs and symptoms more than 4 weeks, they had 
gradual onset of pain not initiated by trauma, and they 
had peri-patellar pain with at least three of the following 
tasks: manual patellar compression on the femur at rest 
or during an isometric quadriceps contraction, 
palpation of the postero-medial and postero-lateral 
aspects of the patella, squatting, stair climbing, 
kneeling, or prolonged sitting. The participants 
excluded from the study if they had: Previous patellar 
instability, Knee surgery over the past 2 years, infra-
patellar bursitis or tendonitis, intra-articular blockage, 
rheumatoid arthritis, ligamentous laxity, Plica 
syndrome, Osgood Schlatter's disease, infection, 
malignancy, musculoskeletal or neurological lower 
extremity involvement that interferes with physical 
activity, and pregnancy.  

Individuals should have one lower limb 
examined unless they have bilateral affection, in which 
case the most affected side was examined. Data was 
collected during one assessment session that lasted 
approximately 30 minutes. We collected data during 
the same assessment session to avoid any change in 
variability between individuals regarding the 
parameters tested. All participants knew the purpose of 
the study and testing procedure fully explained and all 
relevant questions answered. Upon agreement to 
participation, an informed consent was signed in. The 
participant's personal data were collected, and the data 
collection sheet was filled in. 

 

Instrumentation  

 

Data collection sheet 

The subjects' age, gender type, height, weight, 
history, mechanism of injury, present illness duration, 
and location were recorded. The groups were matched 
according to gender, age, height, body weight and 
physical activity.  

 

Kujula  

The researchers used the translated Arabic 
form of Kujula questionnaire. It is a screening tool used 
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to examine patellofemoral pain in adolescents and 
young adults, with an ordinal response style. It is 
composed of 13-item [23]. 

 

Femoral ante-version 

It was assessed by using Craig’s test in which 
the individual was laid in his stomach with the knee 
flexed to 90° [24]. The digital goniometer was turned to 
zero on a vertical surface and put on the medial aspect 
of the lower leg, just proximal to the medial malleolus. 
The examiner palpated the posterior part of the greater 
trochanter of the femur by one hand. While rotate the 
hip till the most protruding part of the greater trochanter 
reached the horizontal plane. The angle of ante-version 
was measured between the lower leg and the vertical 
in degrees. 

 

Q-Angle 

  It was measured with the knee in full extension 
with the subject lying on his back The angle formed by 
the intersection of the line from the anterior superior 
iliac spine to the midpoint of patella with the line from 
the center of the patella to the tibial tubercle was 
measured in degrees with a universal goniometer [25]. 
At first the examiner palpated the anterior superior iliac 
spine and asked the participant to keep his index finger 
pointing down over this landmark during the 
assessment. An individual was asked to relax the 
quadriceps muscles during the assessment. Everyone 
then asked to place their feet in a neutral position as 
variability in foot position has been shown to affect Q-
angle measurement 26. 

 

Computed tomography CT scan  

Each participant in PFPS group was assessed 
for radiological finding using multi-detector CT (MDCT) 
which was 16 rows. The unit found in El dokki center 
for radiology was 128 slices light speed VCT (GE 
Healthcare, Wis, USA) [27]. A spiral acquisition method 
was used to gain our images. We did not use 
intravenous iodinated contrast in our examination [28]. 
Each participant was laid in his back with knees 
positioned in middle of gantry. The feet should be 
stabilized and toes directed to ceiling to minimize limb 
mobility during examination. We set up the CT scout on 
sagittal and frontal planes. The scan interval should 
involve musculotendinous junction of the quadriceps 
muscle proximally to patellar tendon insertion on tibial 
tubercle distally. A superimposition of axial view 
images were obtained by passing through tubercle of 
tibia (the most prominent point) and trochlear groove 
(the deepest point) to take the measurement of TG-TT 
distance. A sagittal multi-planner reconstruction 
(SMPR) was obtained to take the measurement of 
Insall- Salvati raio. The rest of the measures were 
obtained from axial views. 

Data analysis 

T test was conducted for comparison between 
groups. Person correlation coefficient was conducted 
to investigate the correlation between variables. The 
level of significance for all statistical tests was set at p 
< 0.05. All statistical analysis was conducted through 
the statistical package for social studies (SPSS) 
version 25 for windows (IBM SPSS, Chicago, IL, USA). 

 

Results 
 

Table 1 showed the subject characteristics of 
both groups. There was no significant difference 
between both groups in the mean age, weight, height 
and BMI (p < 0.05).  
Table 1: Comparison of the mean age, weight, height and BMI 
between group A and B 

 Group A Group B    
 x̄ ± SD x̄ ± SD MD t- 

value p- value 

Age (years) 24.44 ± 7.19 26.3 ± 8.44 -1.86 -1.22 0.22 
Weight (kg) 76.31 ± 12.36 74.61 ± 16.41 1.7 0.61 0.54 
Height (cm) 174.62 ± 8.3 171.2 ± 12.17 3.42 1.71 0.1 
BMI (kg/m²) 24.97 ± 3.4 25.27 ± 4.03 -0.3 -0.42 0.67 

x̄, Mean; SD, Standard deviation; MD, Mean difference; p value, Probability value. 

There was a significant increase in Kujula of 
group (A) compared with that of group B (0.0001), while 
there was a significant decrease in Q angle and Criage 
test of group (A) compared with that of group B (0.026 
and 0.017 respectively) (Table 2). 
Table 2: Comparison of the mean Kujula,Q angle and Criage test 
between group A and B 

 Group A Group B    
 x̄ ± SD x̄ ± SD MD t- value p- value 
Kujula 100 ± 0 74.28 ± 11.32 25.72 17.31 0.0001* 
Q angle 10.22± 3.94 10.52± 6.03 -0.29 -0.222 0.026* 
Criage test 30.97± 9.77 34.37± 11.27 -3.4 -1.24 0.017* 

x̄, Mean; SD, Standard deviation; MD, Mean difference; p value, Probability value; * 
Significant 

There was a positive significant correlation 
between Kujula and congruence angle and Patellar 
weber (P < 0.01). However, there was no correlation 
between Kujula with patellar tendon ratio (P=0.14). 
There was a significant negative correlation between Q 
angle and patellar tendon ratio (P = 0.009).  

 
Figure 1: The differences in clinical findings between healthy and 
PFPS individuals 
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While there was no correlation between Q 
angle with congruence and patellar weber. There was 
a significant positive correlation between Criage test 
with Patellar tendon ratio (p < 0.05). While there was 
no correlation between Criage test with congruence 
angle (P= 0.78), also between Criage test and Patellar 
weber (Table3).  
Table 3: Correlation between the clinical and radiological 
parameters in PFPS group (B) 

  r value p value 
Kujula Congurence angle 0.63 0.015* 

Patellar tendon ratio 0.63 0.14 
Patellar weber 0.62 0.018* 

Q angle Congurence angle 0.32 0.1 
Patellar tendon ratio -0.49 0.009* 

Patellar weber -0.009 0.97 
Craig’s test Congurence angle 

Patellar tendon ratio 
0.069 
0.48 

0.78 
0.04* 

Patellar weber 0.02 0.93 
r value, correlation coefficient value; p value, probability value, * Significant 

 

Discussion 
 

Most of the previous studies were dependent 
on specific population (military and sportive persons) 
that may perform higher demand activities than the 
general populations. Also, there may be a difference in 
age compared to our study samples. Many previous 
studies were performed to examine the association 
between many variables such as BMI, height, mass, 
age, gender, hip muscles weakness and the 
prevalence of PFPS, however there was no significant 
association between them [6],  [29],  [30].  

Regarding Kujula questionnaire, the current 
study showed a positive correlation between Kujula 
scores and Patellar weber and congruence angle. 
Similarly, Watson et al [31] argued that 2 of 13 
questions were the most misinterpreted and were 
related to clinical meanings such as “atrophy” and 
“patellar subluxation”. In fact, these clinical words were 
described and clearly explained in the Thai Kujala 
Patellofemoral Questionnaire [32], [33], [34]. In the 
contrary to our results there was a lack of relationship 
between measures of muscle strength and length, 
structural characteristics, and quality of movement with 
function and pain in individuals with PFPS. The 
relationship between muscle weakness and 
dysfunction was based on findings that quadriceps 
strength related to function in individuals with knee 
osteoarthritis [35,36]. And there was less evidence in 
individuals with PFPS than those without PFPS [2], 
[17], [37]. Also, Powers et al [38] in a previous study 
concluded that there was no significant correlation 
between function level and quadriceps strength which 
did not come in agreement with our findings which may 
be explained as using different sample population and 
different functional scales (functional assessment tool). 

In the current study there was a significant 
positive correlation between Criage test with Patellar 
tendon ratio (p < 0.05). Craig’s test is the most used 
physical examination tool for measuring femoral ante-

version. Moreover, for Craig’s test, an increased 
femoral ante-version may be a risk factor for 
development of PFPS and is measured by Craig's Test 
clinically using a goniometer. Individuals with PFPS 
had been found to have greater degrees of femoral 
internal rotation [13]. Greater femoral ante-version had 
been associated with increased degrees of passive hip 
internal rotation ROM [39].  

In a previous study using dynamic MRI during 
a single limb squat they found that lateral patellar tilt 
and displacement was occurred which might be due to 
internal rotation of the femur against movement of the 
relatively fixed patella [40]. So, our results provide 
support to that hip motion may contribute to changes in 
the mechanics of patellofemoral joint. There is high 
evidence to support the relationship between limb 
alignment and patellofemoral joint mechanics under 
static posture. Increased knee abduction had been 
linked to development of PFPS [17]. Also, increased 
medial femoral rotation has been shown to be related 
to development of PFPS [36], [40], [41], [42]. Increasing 
femoral ante-version could place the femur into a more 
internally rotated position, so, pushing patella inwards. 
Also, in-toeing gait is associated with increased femoral 
ante-version [41] which is associated with lateral 
rotation of tibia [43] which might push the tibial 
tuberosity laterally and hence increase patellar tendon 
ratio [44]. Increased femoral ante-version had been 
linked to be related to cause more internal rotation of 
the hip [45], [46]. Also, the weakness of hip external 
rotators that are responsible for controlling hip internal 
rotation ROM during weight-bearing activities might 
lead to increased internal femoral rotation and 
precipitate to PFPS development [47]. 

However, in the current study there was no 
correlation between Criage test with congruence angle 
(P= 0.78), also between Criage test and Patellar weber. 
Our results came with that was found in a previous 
study comparing the Craig’s test and computed 
tomography (CT) in determining femoral internal 
rotation ROM in individuals with anterior cruciate 
ligament (ACL) injuries, results showed that there was 
no significant correlation between the two methods 
[45]. Also, in another study conducted by Tamari et al 
[48] reported that the depend on usage of the greater 
trochanter as a bony marker could cause a palpation 
error in Craig’s test. The big and irregular shape of 
prominent part of the greater trochanter makes it 
difficult to calculate the angle at which the greater 
trochanter reaches its horizontal position accurately. 
Another reason for the inaccurate measurement in 
Craig’s test may be related to use of tibial inclination as 
an indicator for hip internal rotation ROM. Ruwe et al 
[44] reported that also, the increased laxity of the knee 
ligaments might bias the findings of Craig’s test. Also, 
in another study the authors reported that any increase 
in the knee joint space biased the measurement of 
angle between the vertical line and the tibial crest 
during performing the test [49]. In a recent study the 
authors did not find any valid benefit of using Criage 
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test as a measure of femoral internal rotation ROM 
when compared with computed tomography (CT) 
although its clinical significance [50].  

Although, our results did not support that of 
other studies in which PFPS individuals did not have 
greater degrees of hip internal rotation than control 
[51], [52]. There was a decline in hip internal rotation 
ROM in individuals with PFPS than control group 
during running, hopping, and squat which could be a 
compensatory plan to decrease painful movement [52]. 
Also, there was no difference between individuals with 
PFPF and the control group in hip internal rotation 
ROM during descending stairs although significant 
differences in hip muscle strength were found which 
could be due to low impact task was examined [51]. 

Q angle has become an important issue in 
assessing knee joint function and in determining knee 
health in individuals complaining from an anterior knee 
pain [52]. The Q angle is usually considered excessive 
when it enhances the lateral pull of the quadriceps 
tendon on the patella and initiates PFPS [53].  

Greater Q angle might medially push the 
patella and laterally push the tibial tuberosity so 
increasing stresses on the patellofemoral joint during 
closed chain activities [54], [55]. However, significant 
negative correlation was observed between Q angle 
and patellar tendon ratio (p=0.009). The measurement 
of the Q angle in Arab population (males and females) 
was greater than what had been found in other 
countries and ethnicities [56].  

However, in the current study there was no 
correlation between Q angle with congruence and 
patellar weber. In a previous study there was no 
significant association between the Q angle 
measurement and the position of patella using axial 
computed tomography intersecting the midpoint of 
articular cartilage of the patella in full extension [57].  

The findings of this study showed a reduction 
in Q angle in patients with PFPS than controls. So, the 
patellofemoral joint should be examined in different 
positions of knee flexion [58]. The measurement of Q 
angle can be altered due to many factors which can 
change the pattern of knee function which include the 
pelvic alignment, femoral rotation, tibial rotation and 
patellar position and the position of foot [55], [59].  

So, Q angle may be of great value due to 
increased anterior pelvic tilt, femoral ante-version and 
knee abduction, and external tibial torsion which could 
change the position of bony markers used to measure 
the Q angle [40]. In a study conducted by Hand and 
Spalding [60] they found that the examination of Q-
angle was a poor predictor for development of PFPS. 
Also, in a previous study there was no significant 
support that Q angle as a cause for developing PFPS, 
although alteration in the Q-angle measures could be 
related to an increased occurrence of PFPS [48]. 

 

Conclusion 
 

This study concluded the accuracy of the 
clinical evaluation using physical examination including 
(Kujula, Criage test and Q angle) that can be used in 
addition to CT measurement. Also, this study 
recommends the importance of changing the 
modifiable risk factor (Q angle and the antiversion 
angle) that can be modulated to enhance the different 
conservative treatment in individuals with PFPS.  

 

Acknowledgments  
 

We thank all members of out-patient clinics in 
the faculty of physical therapy, Cairo University and the 
radiological lab of El Dokki center, Giza for their 
contribution to facilitate the procedures performed in 
this study. 

 

Ethical approval 
 

Ethical approval was obtained from the 
scientific research ethical committee in faculty of 
physical therapy, Cairo University [No.: 
P.T.REC/012/002961] 

 

References  
1. Taunton JE, Ryan MB, Clement DB, et al. A retrospective case 
control analysis of 2002 running injuries. Br J Sports Med. 2002; 
36(2):95-101 https://doi.org/10.1136/bjsm.36.2.95 PMid:11916889 
PMCid:PMC1724490 

2. Witvrouw, E., Lysens, R., Bellemans, J., Cambier, D., & 
Vanderstraeten, G. Intrinsic risk factors for the development of 
anterior knee pain in an athletic population. A two-year prospective 
study. Am J Sports Med. 2000; 28(4):480-489. 
https://doi.org/10.1177/03635465000280040701 PMid:10921638  

3. Blond L, Hansen. L. Patellofemoral pain syndrome in athletes: a 
5.7 -years retrospective follow- up of 250 athletes. Acta orthopedic 
Belgica, 1998; 64(4):393-400. 

4. Fulkerson, J. P. Diagnosis and treatment of patients with 
patellofemoral pain. Am. J. Sports Med. 2002; 30:447-456. 
https://doi.org/10.1177/03635465020300032501 PMid:12016090  

5. Nakagawa H Theresa, Erika T U Moriya, Carlos Maciel and Fábio 
V. Trunk, Pelvis, Hip, and Knee Kinematics, Hip Strength, and 
Gluteal Muscle Activation during a Single-Leg Squat in Males and 
Females With and Without Patellofemoral Pain Syndrome. Journal of 
Orthopaedic and Sports Physical Therapy .2012; 42(6):491-501. 
https://doi.org/10.2519/jospt.2012.3987 PMid:22402604  

6. Witvrouw E, Callaghan M, Stefanik J, Crossley. K et al., 
Patellofemoral pain: Consensus statement from the 3rd International 
Patellofemoral Pain Research Retreat held in Vancouver. British 
Journal of Sports Medicine.2014; 48(6):411-414. 
https://doi.org/10.1136/bjsports-2014-093450 PMid:24569145  

7. Davis IS, Powers CM. Patellofemoral pain syndrome: proximal, 
distal, and local factors, an international retreat. J Orthop Sports Phys 
Ther 2010; 40:A1-16. https://doi.org/10.2519/jospt.2010.0302 
PMid:20195028  

https://doi.org/10.1136/bjsm.36.2.95
https://doi.org/10.1177/03635465000280040701
https://doi.org/10.1177/03635465020300032501
https://doi.org/10.2519/jospt.2012.3987
https://doi.org/10.1136/bjsports-2014-093450
https://doi.org/10.2519/jospt.2010.0302


B – Clinical Sciences                                                                                                                                                                             Radiology and Radiotherapy 
_______________________________________________________________________________________________________________________________  

_______________________________________________________________________________________________________________________________ 

500                                                                                                                                                                                        https://oamjms.eu/index.php/mjms/index 

 

8. Piva R. Sara, Fitzgerald Kelley, Irrgang J. James, Fritz M. Julie, 
Wisniewski Stephen, McGinty T. Gerald, Childs D. John, Domenech 
A. Manuel, Jones Scott, Delitto Anthony. Associates of Physical 
Function and Pain in Patients with Patellofemoral Pain Syndrome. 
Arch Phys Med Rehabil 2009 (90) 285-295. 
https://doi.org/10.1016/j.apmr.2008.08.214 PMid:19236982 
PMCid:PMC4876957 

9. Callaghan M.J. & Selfe J. 'Has the incidence or prevalence of 
patellofemoral pain in the general population in the United Kingdom 
been properly evaluated?', Physical Therapy in Sport 2007;8(1), 37-
43 https://doi.org/10.1016/j.ptsp.2006.07.001 

10. Reider B, Marshall JL, Koslin B, Ring B, Girgis FG. The anterior 
aspect of the knee joint. J Bone Joint Surg Am. 1981; 63(3):351-356 
https://doi.org/10.2106/00004623-198163030-00004 PMid:7204430  

11. Perry J: Gait Analysis of Normal and Pathological Function. Slack 
Inc, 1992 https://doi.org/10.1097/01241398-199211000-00023 

12. Cesarelli M, Bifulco P, Bracale M: Study of the control strategy of 
the quadriceps muscles in anterior knee pain. IEEE Trans Rehabil 
Eng 2000, 8:330-341 https://doi.org/10.1109/86.867875 
PMid:11001513  

13. Eckhoff DG, Montgomery WK, Kilcoyne RF, Stamm ER. Femoral 
morphometry and anterior knee pain. Clin Orthop Relat Res. 
1994;302:64-68. https://doi.org/10.1097/00003086-199405000-
00012 

14. Haim A, Yaniv M, Dekel S, et al. Patellofemoral pain syndrome: 
validity of clinical and radiological features. Clin Orthop Relat Res 
2006;451:223-228. 
https://doi.org/10.1097/01.blo.0000229284.45485.6c 
PMid:16788411  

15. Messier SP, Davis SE, Curl WW, et al. Etiologic factors 
associated with patellofemoral pain in runners. Med Sci Sports Exerc 
1991; 23:1008-1015. https://doi.org/10.1249/00005768-199109000-
00003 PMid:1943620  

16. Caylor D, Fites R, Worrell TW. The relationship between 
quadriceps angle and anterior knee pain syndrome. J Orthop Sports 
Phys Ther 1993;17:11-16. https://doi.org/10.2519/jospt.1993.17.1.11 
PMid:8467330  

17. Duffey MJ, Martin DF, Cannon DW, et al. Etiologic factors 
associated with anterior knee pain in distance runners. Med Sci 
Sports Exerc 2000;32:1825-1832. [PubMed: 11079510] 
https://doi.org/10.1097/00005768-200011000-00003 
PMid:11079510  

18. Thomee R, Renstrom P, Karlsson J, et al. Patellofemoral pain 
syndrome in young women. I. A clinical analysis of alignment, pain 
parameters, common symptoms and functional activity level. Scand 
J Med Sci Sports 1995; 5:237-244. [PubMed: 7552769]. 
https://doi.org/10.1111/j.1600-0838.1995.tb00040.x PMid:7552769  

19. Emami Mohammad-Jafar, Ghahramani Mohammad-Hossein, 
Abdinejad Farzad, Namazi Hamid. Q-angle: An Invaluable 
Parameter for Evaluation of Anterior Knee Pain. Arch Iranian Med 
2007; 10 (1): 24 - 26. 

20. Fithian DC, Paxton EW, Stone ML, et al. Epidemiology and 
natural history of acute patellar dislocation. Am J Sport Med 2004; 
32:1114-1121 https://doi.org/10.1177/0363546503260788 
PMid:15262631  

21. Herrington L, Nester C. Q-angle undervalued? The relationship 
between Q-angle and medio-lateral position of the patella. Clin 
Biomech. 2004;19:1070-1073. 
https://doi.org/10.1016/j.clinbiomech.2004.07.010 PMid:15531059  

22. Piva SR, Fitzgerald K, Irrgang JJ, Jones S, Hando BR, Browder 
DA, Childs JD. Reliability of measures of impairments associated 
with patellofemoral pain syndrome. BMC Musculoskelet Disord. 
2006; 31:33 https://doi.org/10.1186/1471-2474-7-33 PMid:16579850 
PMCid:PMC1557500 

23. Hamdan, M., Haddad, B., Isleem, U., Hamad, L., et al. (2019) 
Validation of the Arabic version of the Kujala patellofemoral pain 

scoring system. J Orthop Scien.; 24(2):290-293. 
https://doi.org/10.1016/j.jos.2018.09.008 PMid:30316659  

24. Magee DJ. Orthopedic Physical Assessment. 5 ed. Philadelphia: 
W.B. Saunders. 2008. 

25. Huberti H, Hayes W. Patellofemoral contact pressures. The 
influence of q-angle and tendofemoral contact. J Bone Joint Surg Am. 
1984; 66(5):715-724. https://doi.org/10.2106/00004623-198466050-
00010 PMid:6725318  

26. Guerra JP, Arnold MJ, Gajdosik RL. Q-angle: effects of isometric 
quadriceps contraction and body position. J Orthop Sport Phys Ther. 
1994;19:200-204. https://doi.org/10.2519/jospt.1994.19.4.200 
PMid:8173567  

27. Kodali P et al. Anterior knee pain in the young athlete: diagnosis 
and treatment. Sports Med Arthrosc. 2011 Mar; 19(1):27-33. 
https://doi.org/10.1097/JSA.0b013e3182045aa1 PMid:21293235  

28. Cusmano F et al. Femoro-patellar instability. Radiologic 
assessment. Acta Biomed Ateneo Parmense.2000; 71(6):273-280. 

29. Dey P, Callaghan M, Cook N, Sephton R, Sutton C, Hough E, et 
al. A questionnaire to identify patellofemoral pain in the community: 
an exploration of measurement properties. BMC Musculoskelet 
Disord. 2016;17(1):237. https://doi.org/10.1186/s12891-016-1097-5 
PMid:27245443 PMCid:PMC4886395 

30. Halabchi F, Mazaheri R, Seif-Barghi T. Patellofemoral pain 
syndrome and modifiable intrinsic risk factors; how to assess and 
address? Asian J Sports Med. 2013;4(2):85 
https://doi.org/10.5812/asjsm.34488 PMid:23802050 
PMCid:PMC3690728 

31. Watson, C. J., Propps, M., Ratner, J., Zeigler, D. L., Horton, P., 
& Smith, S. S. (2005) Reliability and responsiveness of the lower 
extremity functional scale and the anterior knee pain scale in patients 
with anterior knee pain. J Orthop Sports Phys Ther; 35:136-46. 
https://doi.org/10.2519/jospt.2005.35.3.136 PMid:15839307  

32. Kuru, T., Dereli, E.E., Yaliman, A. Validity of the Turkish version 
of the Kujala patellofemoral score in patellofemoral pain syndrome. 
Acta Orthop Traumatol Turc. 2010; 44, 152-156. 
https://doi.org/10.3944/AOTT.2010.2252 PMid:20676018  

33. Negahban, H., Pouretezad, M., Yazdi, M.J.S., Sohani, S.M., 
Mazaheri, M., Salavati, M., Aryan, N., Salehi, R. Persian translation 
and validation of the Kujala Patellofemoral Scale in patients with 
patellofemoral pain syndrome. Disabil. Rehabil. 2012; 34, 2259-
2263. https://doi.org/10.3109/09638288.2012.683480 
PMid:22630589  

34. Sakunkaruna, S., Sakunkaruna, Y., Sakulsriprasert, P. Thai 
Version of the Kujala Patellofemoral Questionnaire in Knee Pain 
Patients: Cross-Cultural Validation and Test-Retest Reliability. J. 
Med. Assoc.2015;98, S81-5. 

35. Fitzgerald GK, Piva SR, Irrgang JJ, Bouzubar F, Starz TW. 
Quadriceps activation failure as a moderator of the relationship 
between quadriceps strength and physical function in individuals with 
knee osteoarthritis. Arthritis Rheum 2004;51:40-48. 
https://doi.org/10.1002/art.20084 PMid:14872454  

36. Ireland ML. Anterior cruciate ligament injury in female athletes: 
epidemiology. J Athl Train 1999; 34:150-154. 

37. Ireland ML, Willson JD, Ballantyne BT, Davis IM. Hip strength in 
females with and without patellofemoral pain. J Orthop Sports Phys 
Ther 2003;33:671-676. https://doi.org/10.2519/jospt.2003.33.11.671 
PMid:14669962  

38. Powers CM, Perry J, Hsu A, Hislop JH. Are patellofemoral pain 
and quadriceps femoris muscle torque associated with locomotor 
function? Phys Ther 1997;77:1063-75 
https://doi.org/10.1093/ptj/77.10.1063 PMid:9327821  

39. Kerr AM, Kirtley SJ, Hillman SJ, van der Linden ML, Hazlewood 
ME, Robb JE. The mid-point of passive hip rotation range is an 
indicator of hip rotation in gait in cerebral palsy. Gait Posture. 
2003;17:88-91. https://doi.org/10.1016/S0966-6362(02)00056-5 
PMid:12535731  

https://doi.org/10.1016/j.apmr.2008.08.214
https://doi.org/10.1016/j.ptsp.2006.07.001
https://doi.org/10.2106/00004623-198163030-00004
https://doi.org/10.1097/01241398-199211000-00023
https://doi.org/10.1109/86.867875
https://doi.org/10.1097/00003086-199405000-00012
https://doi.org/10.1097/00003086-199405000-00012
https://doi.org/10.1097/01.blo.0000229284.45485.6c
https://doi.org/10.1249/00005768-199109000-00003
https://doi.org/10.1249/00005768-199109000-00003
https://doi.org/10.2519/jospt.1993.17.1.11
https://doi.org/10.1097/00005768-200011000-00003
https://doi.org/10.1111/j.1600-0838.1995.tb00040.x
https://doi.org/10.1177/0363546503260788
https://doi.org/10.1016/j.clinbiomech.2004.07.010
https://doi.org/10.1186/1471-2474-7-33
https://doi.org/10.1016/j.jos.2018.09.008
https://doi.org/10.2106/00004623-198466050-00010
https://doi.org/10.2106/00004623-198466050-00010
https://doi.org/10.2519/jospt.1994.19.4.200
https://doi.org/10.1097/JSA.0b013e3182045aa1
https://doi.org/10.1186/s12891-016-1097-5
https://doi.org/10.5812/asjsm.34488
https://doi.org/10.2519/jospt.2005.35.3.136
https://doi.org/10.3944/AOTT.2010.2252
https://doi.org/10.3109/09638288.2012.683480
https://doi.org/10.1002/art.20084
https://doi.org/10.2519/jospt.2003.33.11.671
https://doi.org/10.1093/ptj/77.10.1063
https://doi.org/10.1016/S0966-6362(02)00056-5


 Mohamed et al. Clinical and Radiological Findings in Individuals with Patellofemoral Pain Syndrome 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2024 Dec 15; 12(4):495-501.                                                                                                                                                       501 

 

40. Powers CM. The influence of altered lower-extremity kinematics 
on patellofemoral joint dysfunction: a theoretical perspective. J 
Orthop Sports Phys Ther 2003; 33:639-646. 
https://doi.org/10.2519/jospt.2003.33.11.639 PMid:14669959  

41. Gulan G, Matovinovic D, Nemec B, et al. Femoral neck 
anteversion: values, development, measurement, common 
problems. Coll Antropol 2000;24:521-527. 

42. Nguyen AD, Shultz SJ. Sex differences in clinical measures of 
lower extremity alignment. J Orthop ports Phys Ther 2007;37:389-
398. https://doi.org/10.2519/jospt.2007.2487 PMid:17710908  

43. Fabry G, MacEwen GD, Shands ARJ. Torsion of the femur. A 
follow-up study in normal and abnormal conditions. J Bone Joint Surg 
Am 1973; 55:1726-1738. [PubMed: 4804993] 
https://doi.org/10.2106/00004623-197355080-00017 

44. Ruwe, P.A., Gage, J.R., Ozonoff, M.B., DeLuca, P.A. Clinical 
determination of femoral anteversion. A comparison with established 
techniques. JBJS 1992;74, 820-830. 
https://doi.org/10.2106/00004623-199274060-00003 

45. Ito, I., Miura, K., Kimura, Y., Sasaki, E., Tsuda, E., Ishibashi, Y. 
Differences between the Craig's test and computed tomography in 
measuring femoral anteversion in patients with anterior cruciate 
ligament injuries. J. Phys. Ther. Sci. 2020; 32, 365-369. 
https://doi.org/10.1589/jpts.32.365 PMid:32581427 
PMCid:PMC7276780 

46. Kaneko, M., Sakuraba, K. Association between femoral 
anteversion and lower extremity posture upon single-leg landing: 
implications for anterior cruciate ligament injury. J. Phys. Ther. Sci. 
2013; 25, 1213-1217. https://doi.org/10.1589/jpts.25.1213 
PMid:24259760 PMCid:PMC3820182 

47. McConnell J, Fulkerson JP: The Knee: Patellofemoral and soft 
tissue injuries. In Athletic Injuries and Rehabilitation Edited by: 
Zachazewski JE, Magee DJ and Quillen WS. Philadelphia, PA, W.B. 
Saunders Co; 1996:693-728. 

48. Tamari, K., Tinley, P., Briffa, K., Breidahl, W. Validity and 
reliability of existing and modified clinical methods of measuring 
femoral and tibiofibular torsion in healthy subjects: use of different 
reference axes may improve reliability. Clin. Anat. Off. J. Am. Assoc. 
Clin. Anat. Br. Assoc. Clin. Anat. 2005; 18, 46-55. 
https://doi.org/10.1002/ca.20050 PMid:15597368  

49. Yoon, T.-L., Park, K.-M., Choi, S.-A., Lee, J.-H., Jeong, H.-J., 
Cynn, H.-S. A comparison of the reliability of the trochanteric 
prominence angle test and the alternative method in healthy subjects. 
Man. Ther. 2014; 19, 97-101. 
https://doi.org/10.1016/j.math.2013.07.011 PMid:24035201  

50. Uota, S., Morikita, I., Shimokochi, Y. Validity and clinical 
significance of a clinical method to measure femoral anteversion. J. 
Sports Med. Phys. Fitness 2019; 59, 1908. 
https://doi.org/10.23736/S0022-4707.19.09733-0 PMid:31215203  

51. Bolgla LA, Malone TR, Umberger BR, Uhl TL. Hip strength and 
hip and knee kinematics during stair descent in females with and 
without patellofemoral pain syndrome. J Orthop Sports Phys Ther. 
2008;38:12-18 https://doi.org/10.2519/jospt.2008.2462 
PMid:18349475  

52. Willson JD, Davis IS. Lower extremity mechanics of females with 
and without patellofemoral pain across activities with progressively 
greater task demands. Clin Biomech. 2008;23:203-211. 
https://doi.org/10.1016/j.clinbiomech.2007.08.025 PMid:17942202  

53. Hruska R. Pelvic stability influences lower extremity kinematics. 
Biomechanics 1998;6:23-29. 

54. Tanifuji, O., Blaha, J.D., Kai, S. The vector of quadriceps pull is 
directed from the patella to the femoral neck. Clin. Orthop. Relat. 
Res. 2013; 471, 1014-1020. https://doi.org/10.1007/s11999-012-
2741-5 PMid:23263931 PMCid:PMC3563781 

55. Powers CM, Ward SR, Fredericson M, Guillet M, Shellock FG. 
Patellofemoral kinematics during weight-bearing and non-
weightbearing knee extension in persons with lateral subluxation of 
the patella: a preliminary study. J Orthop Sports Phys Ther. 
2003;33:677-685. https://doi.org/10.2519/jospt.2003.33.11.677 
PMid:14669963  

56. Woodland LH, Francis RS. Parameters and comparisons of the 
quadriceps angle of college-aged men and women in the supine and 
standing positions. Am J Sports Med 1992; 20:208-211. [PubMed: 
1558251] https://doi.org/10.1177/036354659202000220 
PMid:1558251  

57. Raveendranath, R., Nachiket, S., Sujatha, N., Priya, R., Rema, 
D. Bilateral variability of the quadriceps angle (Q angle) in an adult 
indian population. Iran. J. Basic Med. Sci. 2011; 14, 465. 

58. Biedert, R.M., Warnke, K. Correlation between the Q angle and 
the patella position: a clinical and axial computed tomography 
evaluation. Arch. Orthop. Trauma Surg. 2001;121, 346-349. 
https://doi.org/10.1007/s004020000239 PMid:11482469  

59. Schröder, R.J., Weiler, A., Höher, J., Hidajat, N., Mäurer, J., Felix, 
R. Computed tomography of the patellofemoral alignment after 
arthroscopic reconstruction following patella dislocation. RoFo 
Fortschritte auf dem Gebiete der Rontgenstrahlen und der Nukl. 
2003;175, 547. https://doi.org/10.1055/s-2003-38436 
PMid:12677512  

60. Hruska R. Pelvic stability influences lower extremity kinematics. 
Biomechanics 1998;6:23-29. 

 

https://doi.org/10.2519/jospt.2003.33.11.639
https://doi.org/10.2519/jospt.2007.2487
https://doi.org/10.2106/00004623-197355080-00017
https://doi.org/10.2106/00004623-199274060-00003
https://doi.org/10.1589/jpts.32.365
https://doi.org/10.1589/jpts.25.1213
https://doi.org/10.1002/ca.20050
https://doi.org/10.1016/j.math.2013.07.011
https://doi.org/10.23736/S0022-4707.19.09733-0
https://doi.org/10.2519/jospt.2008.2462
https://doi.org/10.1016/j.clinbiomech.2007.08.025
https://doi.org/10.1007/s11999-012-2741-5
https://doi.org/10.1007/s11999-012-2741-5
https://doi.org/10.2519/jospt.2003.33.11.677
https://doi.org/10.1177/036354659202000220
https://doi.org/10.1007/s004020000239
https://doi.org/10.1055/s-2003-38436



