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Abstract

Background: Patellofemoral Pain Syndrome (PFPS) is a common anterior knee compartment 
pain etiology. It has been aimed to assess the ultrasonographic findings of the patellofemoral 
joint in patients with PFPS versus healthy individuals. Materials and Methods: The current 
case-control investigation was performed on 30 cases suffering from patellofemoral joint pain 
and 30 healthy individuals in Isfahan during 2020-21. All cases underwent ultrasonography to 
assess cartilage thickness, sulcus angle, and sulcus depth. We also measured the Q angle with 
a manual goniometer. Results: In healthy individuals, Q angle scores were statistically lower 
than in the cases group (P=0.002). The sulcus angle was remarkably higher among the patients 
compared to the controls. The cartilage thickness (P=0.88) and sulcus depth (P=0.543) scores had 
no statistical difference between the PFPS and healthy subjects (P<0.05). Conclusions: Patients 
with PFPS had significantly higher Q angle and lower sulcus angle than the healthy controls.  
[GMJ.2022;11:e2420] DOI:10.31661/gmj.v11i.2420
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Introduction

Patellofemoral Pain Syndrome (PFPS) 
is a common cause of anterior knee 
compartment pain [1, 2]. PFPS is diag-

nosed according to the pain complaint in the 
anterior part of the knee involving the patel-
la, retinaculum, and surrounding soft tissues; 
however, a definite diagnosis should be made 
by excluding the other pathologies inside and 
outside the knee [3]. This syndrome mainly 
occurs due to excessive and inappropriate 
use of the knee joints, whereas direct trau-
ma to the knee is the underlying etiology in 
limited cases [4]. PFPS involves 22000 cases 

per year and predominantly involves women 
with a two-fold increased risk [5]. Surfing the 
literature has demonstrated that PFPS is re-
sponsible for over 25% of knee pain in young 
adults and more than 75% of all causes of an-
terior knee pain [6, 7]. 
The exact etiology of pain in PFPS remained 
unclear; however, the existing hypothesis 
claims that pain originates from the junction 
of extensor muscles, retinacula, Hoffa fat, 
and subchondral bone [1, 8]. Disorders in the 
knee extensor mechanism are the other the-
ory regarding the pathophysiology of PFPS. 
Accordingly, individuals with inappropriate 
knee extensor mechanisms are at increased 
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risk for recurrent patella dislocation or per-
sistent anterior knee pain [3, 9]. The extensor 
mechanism refers to components including 
the extensor muscles of the knee, quadriceps 
tendon, patellofemoral joint, patellar tendon, 
and tibial tubercle [10]. Any chronic pathol-
ogy in this area leads to adversities ranging 
from tendinopathy and joint surface lesions 
to patellofemoral maltracking [11]. 
The clinical manifestation of PFPS includes 
pain in the forward knee movement in a 
young person [12]. The pain is often bilat-
eral and worsens with movements such as 
climbing stairs and squatting. In PFPS, the 
patella is usually at rest, or the patella moves 
in the opposite position when the knee is  
moving [3].
Imaging modalities have been applied to 
diagnose knee pathologies. These modali-
ties are divided into two categories of stat-
ic and dynamic images. Static images such 
as radiographs and computed tomography 
scans cannot examine the patella's move-
ments and location during muscle contrac-
tions. In contrast, ultrasound studies as dy-
namic ones can measure muscle and bone's 
kinematic properties and relationships during  
movements [13]. Ultrasound can also assess 
the soft tissues surrounding the patella, the 
trochlear groove, and its connection to the 
patella tip [14]. 
Magnetic resonance imaging (MRI) and 
ultrasonography are the primary imaging 
modalities applied to study knee extensor 
mechanisms. Given that, ultrasonography 
has provided numerous quantitative and 
qualitative criteria for PFPS. Although MRI 
is the best modality for examining patellar 
dislocation, nearby soft tissue and tendons, 
in particular, are appropriately visualized in 
ultrasound assessments [15, 16]; however, 
the knowledge and practice regarding ultra-
sonography use for PFPS are limited.
A study by Fanlo-Mazas et al. demonstrat-
ed that ultrasonography study of the knees 
provided valuable information; therefore, ul-
trasound could have high clinical values in 
this regard [17]. Other studies highlighted the 
use of ultrasound images in diagnosing and 
following up the patients with knee pain and 

emphasized the convenience, cost-effective-
ness, and value of this modality for clinical  
practice [18, 19]. 
Due to the simplicity, low cost, and reproduc-
ibility of ultrasound and lacking adequate in-
formation regarding the use of ultrasonogra-
phy in PFPS, the current study aims to assess 
ultrasonographic characteristics of the patel-
lofemoral joint in patients with PFPS.

Materials and Methods

Study Population
The current case-control study has been 
conducted on 30 patients with anterior knee 
compartment pain and 30 age- and gender-
matched subjects with complaints other than 
knee pain referring to the Isfahan University 
of Medical Sciences affiliated outpatient 
clinics of physical medicine and rehabilitation 
from May 2020 to June 2021.

Sample Size Calculation
The study population was calculated 
according to the following formula in which 
Z1=1.96 (95% confidence interval), Z2=0.84  
(80% power coefficient), S1=4.4, S2=3.5, 
m1=17.4, and m2=14.6. According to the 
formula mentioned, the total number of 
patients equaled 60 in two 30-participant 
groups.
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Inclusion and Exclusion Criteria
Patients aged 15 to 45 years with 
patellofemoral joint pain lasting for the least 
three months and pain severity deterioration 
with activity, including knee flexion were 
included. Signs and symptoms of knee joint 
instability, anatomical abnormalities such as 
osteoarthritis, signs of ligament or tendon 
injury, degenerative pathologies of the 
patellofemoral joint, history of trauma to the 
knee, pelvis, or lumbar spine in the previous 
three months, and a history of metabolic bone 
diseases were determined as the exclusion 
criteria.
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Data Collection 
The subjects' demographic characteristics, 
including age, gender, and anthropometric 
indices (height and weight), were entered into 
the study checklist. Body mass index (BMI) 
was calculated by the division of weight (kg) 
by the height square (meter). Besides, the 
cases' unilateral versus bilateral anterior knee 
pain complaints were recorded.
Ultrasonography examination was performed 
for all the subjects, and variables, including 
the sulcus angle, sulcus depth, and cartilage 
thickness were assessed. Also, the Q angle 
was measured by a manual goniometer. All 
ultrasound measurements were performed 
using a Supersonix ultrasound device 
(Aixplorer™, Supersonic Imagine, Aix-en-
Provence, France) with a 14-17 MHz linear 
transducer. A target expert radiologist in 
musculoskeletal ultrasound performed all 
the ultrasonographic studies to minimize the 
potential bias. 
There are two transverse and vertical 
approaches for measuring the thickness of 
the cartilage. Herein, the transverse approach 
has been applied. Accordingly, after resting 
for 10 minutes, the patient was placed on a 
chair, and the knee was placed in a 90-degree 
flexion position. The transducer was placed 
transversely on the middle part of the inner 
condyle of the femur, in which three lines are 
drawn from the layer on the surface of the 
soft tissue to the bone. The average distance 
between these three lines was considered as 
the thickness of the knee cartilage. In the 
vertical approach, the patient was placed 
on a chair, and the desired knee was in full 
flexion (133 to 151 degrees). The transducer 
was placed vertically on the line between 
the patella's inner edge and the femur's inner 
condyle. 
The patient was placed in the upraise position 
to assess the Q angle using a goniometer. The 
landmarks, including the anterior superior 
iliac spine (ASIS), the mid-parts of the 
patella, and the tibia, were marked. Q angle 
was measured from the top by placing one 
goniometer arm on the ASIS, the midpoint 
of the goniometer on the midpoint of the 
patella, and the other arm on the tibia. The 

acute angle between the two arms was the Q 
angle.

Ethical Consideration
The study protocol that met the tenets of 
the Helsinki declaration and was approved 
by ethics committee of Isfahan University 
of Medical Sciences (code number:  
IR.MUI.MED.REC.1398.371). The study 
was explained to the participants, and they 
were reassured regarding their information 
confidentiality and signed written consent.

Statistical Analysis
The gathered data was entered into 
the IBM SPSS Statistics for Windows,  
version 23 (IBM Corp., Armonk, NY., 
USA). The mean±standard deviation was 
applied for the primary assessment of the 
continuous data, and the nominal variables 
were presented as absolute numbers and 
percentages. The independent t-test and 
Chi-square test were applied to analyze the 
quantitative and qualitative variables. A 
P-value=0.05 was considered the level of 
significance.

Results

The current case-control investigation has 
been conducted on 60 individuals undergoing 
ultrasonography of the knee. The mean age 
of the studied population was 30.29±6.51 
years (range: 15-43). The patients suffering 
from PFPs had a mean age of 32.77±9.11 
years (range: 15-43) and a mean BMI of  
27.82±3.91 kg/m2 (range: 21-35). As the 
showed in Table-1, most patients in the case 
group were female (66.7%), and the healthy 
group was male (56.7%). Also, there were 
no significant differences in the term of age, 
BMI, and gender between groups (Table-1).
Ultrasound findings in the healthy subjects 
versus the patients are demonstrated  
in Table-2. The independent t-test revealed 
that the sulcus angle was statistically different 
between the two groups (P=0.006). However, 
cartilage thickness (P=0.88) and sulcus  
depth (P=0.543) showed no remarkable 
difference between the case and control 
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groups.
The mean Q angle in case and control groups 
was 19.23±1.46 and 17.93±1.7, respectively. 
Also, significant higher amounts of Q angle 
were observed in the case group (P=0.002).

Discussion

In the current study, we found significantly 
higher Q angle and lower sulcus angle 
among the patients with PFPS compared 
to the healthy subjects. However, the other 
parameters, including the trochlear depth, 
trochlear angle, and the position of the 
patella, were not different between the cases 
and controls. Disorders in these parameters 
could easily lead to knee instability and 
PFPS.
Using ultrasound indices for musculoskeletal 
syndromes, including PFPS, could have 
clinical importance because this imaging 
modality is easy to access, harmless and 
cost-effective. As a result, constant efforts 
have been made in this regard. In 2008, a 
survey was performed by Brushøj et al. on 
30 army recruits with patellofemoral pain 
in Denmark [20]. Ultrasound and MRI 
assessments revealed that pain expanded in 
all synovial surfaces was the main sign of 
this syndrome, and changes in the sulcus 

angle were remarkable among the patients 
suffering from PFPS [20]. Another study by 
Lin et al. [21] evaluated ultrasonography 
imaging of 89 individuals with PFPS. Their 
findings were consistent with ours as they 
demonstrated that the Q angle was negatively 
correlated with the vastus medialis obliquus 
insertion ratio and the volume of this  
muscle [21]. They also mentioned that the 
sulcus angle of the patella was significantly 
reduced in individuals suffering from  
PFPS [21]. 
Payne et al. evaluated the association of 
gluteus medius muscle thickness with 
the ultrasound findings of patients with 
patellofemoral pain. In contrast to our 
findings, they represented that the thickness 
of the gluteus medius muscle both at rest 
or when contracted, and the gluteus medius 
muscle activation and Q angle were not 
remarkably different in the subjects with 
PFPS compared to the healthy subjects. 
However, the sulcus angle was statistically 
less in the patients with knee pain, which 
agrees with our study [22]. 
Another survey was performed in the 
Netherlands in which the ultrasound imaging 
of patients with unilateral PFPS versus 
healthy controls was assessed [23]. This 
study showed that the sulcus angle and 

Table 1. Demographic Characteristics of Patients with PFPS and Healthy Individuals

Variables 
Groups

P-value
Case (n=30) Control (n=30)

Age, y (mean±SD) 32.77±9.11 31.67±8.11 0.623
BMI, Kg/m2(mean±SD) 27.82±3.91 26.14±3.58 0.087
Gender, n(%)
Female 20 (66.7) 13 (43.3)

0.069
Male 10 (33.3) 17 (56.7)

Table 2. Ultrasound Findings of Patellofemoral Joint in Patients with PFPS and Healthy Individuals

Variables
Groups

P-value
Case (n=30) Control (n=30)

Cartilage thickness, (mean±SD) 2.65±0.73 2.61±0.51 0.808
Sulcus angle, (mean±SD) 140.90±9.5 146.13±3.52 0.006
Sulcus depth, (mean±SD) 4.42±1.38 4.42±0.82 0.543
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Q angle, along with other characteristics  
such as the thickness of the lateral retinaculum, 
could play an essential role in diagnosing, 
treating, and following up on patients 
with anterior knee pain [23]. Furthermore, 
they insisted on the significance of the 
lateral retinaculum and patellar cartilage 
in the pathophysiology of PFPS [23].  
Fischhoff et al. showed that the 
cartilaginous trochlear angle, patellar tip 
to trochlear groove distance, and dysplasia 
in this region might be critical factors 
in ultrasound studies of patients with  
PFPS [24]. However, the parameters  
assessed, including Q angle, sulcus 
angle and depth, and thickness of the 
lateral retinaculum, require further  
investigation [24]. 
Although we showed that the cartilage 
thickness and sulcus depth were not 
different between the cases and controls, 
the Q and sulcus angles assessments could 
have clinical significance for this condition. 
The small sample size and not evaluating 
other indices, including the thickness of the 
gluteus medius muscle, its activation, or the 
thickness of the lateral retinaculum, were 
our study's limitations. The lack of assessing  

the lateral subluxation of the patella due 
to the lack of ultrasound equipment for 
this means was the other limitation of the  
current study. Hence, further multi-
centric studies on larger populations are 
recommended.

Conclusion

Patients with PFPS had significantly higher 
Q angles and lower sulcus angles than the 
healthy controls. Hence the routine use of 
ultrasonography to assess knee pains is 
strongly recommended.

Acknowledgments

The authors of the current manuscript want 
to acknowledge Dr. Ali Safaei for his efforts 
in the conduction of this study. This study 
has been sponsored by Isfahan University  
of Medical Sciences.

Conflict of Interest

The authors declare that they have no competing 
interests.

References

1.	 Gaitonde DY, Ericksen A, Robbins RC. 
Patellofemoral Pain Syndrome. Am Fam 
Physician. 2019;99(2):88-94.

2.	 Alba-Martín P, Gallego-Izquierdo T, 
Plaza-Manzano G, Romero-Franco 
N, Núñez-Nagy S, Pecos-Martín 
D. Effectiveness of therapeutic 
physical exercise in the treatment 
of patellofemoral pain syndrome: a 
systematic review. J Phys Ther Sci. 
2015;27(7):2387-90. 

3.	 Gulati A, McElrath C, Wadhwa V, 
Shah JP, Chhabra A. Current clinical, 
radiological and treatment perspectives 
of patellofemoral pain syndrome. Br J 
Radiol. 2018;91(1086):20170456. 

4.	 Collins NJ, Barton CJ, Van Middelkoop 
M, Callaghan MJ, Rathleff MS, 

Vicenzino BT, et al. 2018 Consensus 
statement on exercise therapy and 
physical interventions (orthoses, 
taping and manual therapy) to treat 
patellofemoral pain: recommendations 
from the 5th International Patellofemoral 
Pain Research Retreat, Gold Coast, 
Australia, 2017. Br J Sports Med. 
2018;52(18):1170-8. 

5.	 Rothermich MA, Glaviano NR, Li 
J, Hart JM. Patellofemoral pain: 
epidemiology, pathophysiology, and 
treatment options. Clin Sports Med. 
2015;34(2):313-27. 

6.	 Smith BE, Selfe J, Thacker D, Hendrick 
P, Bateman M, Moffatt F, et al. Incidence 
and prevalence of patellofemoral pain: 
A systematic review and meta-analysis. 



6 GMJ.2022;11:e2420
www.gmj.ir

Haghighat Sh, et al. Ultrasonography and Patellofemoral Pain Syndrome Ultrasonography and Patellofemoral Pain Syndrome Haghighat Sh, et al.

PLoS One. 2018;13(1):e0190892. 
7.	 Glaviano NR, Kew M, Hart JM, Saliba 

S. Demographic and epidemiological 
trends in patellofemoral pain. Int J 
Sports Phys Ther. 2015;10(3):281-90.

8.	 Tramontano M, Pagnotta S, Lunghi C, 
Manzo C, Manzo F, Consolo S, Manzo 
V. Assessment and Management of 
Somatic Dysfunctions in Patients With 
Patellofemoral Pain Syndrome. J Am 
Osteopath Assoc. 2020;120(3):165-73. 

9.	 Cui LH. Research progress on the 
etiology and treatment of patellofemoral 
pain syndrome. Zhongguo Gu Shang. 
2017;30(7):680-4. 

10.	 Van Der Heijden RA, Lankhorst NE, 
Van Linschoten R, Bierma-Zeinstra SM, 
Van Middelkoop M. Exercise for treating 
patellofemoral pain syndrome. Cochrane 
Database Syst Rev. 2015;1:CD010387. 

11.	 Ghany JF, Kamel S, Zoga A, Farrell T, 
Morrison W, Belair J, Desai V. Extensor 
mechanism tendinopathy in patients with 
lateral patellar maltracking. Skeletal 
Radiol. 2021;50(11):2205-12. 

12.	 Crossley KM, Callaghan MJ, Van 
Linschoten R. Patellofemoral pain. BMJ. 
2015;351:h3939. 

13.	 Drew BT, Redmond AC, Smith 
TO, Penny F, Conaghan PG. Which 
patellofemoral joint imaging features 
are associated with patellofemoral pain? 
Systematic review and meta-analysis. 
Osteoarthritis Cartilage. 2016;24(2): 
224-36. 

14.	 Van Der Heijden RA, De Kanter JL, 
Bierma-Zeinstra SM, Verhaar JA, 
Van Veldhoven PL, Krestin GP, et al. 
Structural Abnormalities on Magnetic 
Resonance Imaging in Patients With 
Patellofemoral Pain: A Cross-sectional 
Case-Control Study. Am J Sports Med. 
2016;44(9):2339-46. 

15.	 Van Middelkoop M, Macri EM, 
Eijkenboom JF, Van Der Heijden 
RA, Crossley KM, Bierma-Zeinstra 
SMA, et al. Are Patellofemoral Joint 
Alignment and Shape Associated With 
Structural Magnetic Resonance Imaging 
Abnormalities and Symptoms Among 

People With Patellofemoral Pain? Am J 
Sports Med. 2018;46(13):3217-26. 

16.	 Drew BT, Conaghan PG, Smith TO, 
Selfe J, Hensor EMA, Dube B, et al. 
Toward the Development of Data-Driven 
Diagnostic Subgroups for People With 
Patellofemoral Pain Using Modifiable 
Clinical, Biomechanical, and Imaging 
Features. J Orthop Sports Phys Ther. 
2019;49(7):536-47. 

17.	 Fanlo-Mazas P, Bueno-Gracia E, De 
Escudero-Zapico AR, Tricás-Moreno 
JM, Lucha-López MO. The Effect of 
Diacutaneous Fibrolysis on Patellar 
Position Measured Using Ultrasound 
Scanning in Patients With Patellofemoral 
Pain Syndrome. J Sport Rehabil. 
2019;28(6):564-9. 

18.	 Romero-Morales C, Bravo-Aguilar 
M, Ruiz-Ruiz B, Almazán-Polo J, 
López-López D, Blanco-Morales M, 
et al. Current advances and research in 
ultrasound imaging to the assessment 
and management of musculoskeletal 
disorders. Dis Mon. 2021;67(3):101050. 

19.	 Jeon H, Donovan L, Thomas AC. 
Exercise-Induced Changes in Femoral 
Cartilage Thickness in Patients with 
Patellofemoral Pain. J Athl Train (in 
press). 2022. 

20.	 Brushøj C, Hölmich P, Nielsen 
MB, Albrecht-Beste E. Acute 
patellofemoral pain: aggravating 
activities, clinical examination, MRI and 
ultrasound findings. Br J Sports Med. 
2008;42(1):64-7.

21.	 Lin YF, Lin JJ, Cheng CK, Lin DH, Jan 
MH. Association between sonographic 
morphology of vastus medialis obliquus 
and patellar alignment in patients with 
patellofemoral pain syndrome. J Orthop 
Sports Phys Ther. 2008;38(4):196-202. 

22.	 Payne K, Payne J, Larkin TA. 
Patellofemoral Pain Syndrome and Pain 
Severity Is Associated With Asymmetry 
of Gluteus Medius Muscle Activation 
Measured Via Ultrasound. Am J Phys 
Med Rehabil. 2020;99(7):595-601. 

23.	 Schoots EJ, Tak IJ, Veenstra BJ, 
Krebbers YM, Bax JG. Ultrasound 



6 GMJ.2022;11:e2420
www.gmj.ir

GMJ.2022;11:e2420
www.gmj.ir

7

Ultrasonography and Patellofemoral Pain Syndrome Haghighat Sh, et al.

characteristics of the lateral retinaculum 
in 10 patients with patellofemoral pain 
syndrome compared to healthy controls. 
J Bodyw Mov Ther. 2013;17(4):523-9. 

24.	 Fischhoff C. Patellofemoral pain 
syndrome: ultrasound measurements 
for diagnosis. Int Musculoskelet Med. 
2015;37(2):54-8. 


