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for knee flexion and extension.[1] Although patellofemoral 
joint (PFJ) disorders are difficult to characterize and 
define, clinical data reveal three main categories of  
PFJ disorders  - PF pain, PF instability, and isolated PF 
arthritis.[2] Patients with PF pain, more commonly known 
as anterior knee pain, feel discomfort when involved in 
activities such as kneeling, squatting, sitting for extended 
periods with a bent knee, or going up and down the stairs.[2,3] 
The reason behind such a PF pain, which is common 
among athletes as well as in sedentary individuals, is less 
understood.[2] The term, “Chondromalacia patellae,” or 
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Abstract
Background: The knee joint is one of the strongest and most complex joints in the human body. The knee is a tricompartmental 
joint. It is formed by union of the patellofemoral joint (PFJ) and the medial and lateral tibiofemoral joints. PFJ is a complex 
structure comprising the extensor mechanism of the knee and the femoral trochlea. Females are more prone to recurring 
dislocations of the PFJ. They are afflicted by isolated PF twice as frequently as males. The anatomical background for this 
prevalence needs to be studied.

Aim of Study: The aim of the study was to study the age and gender variations in various morphometric parameters of the 
PFJ to the highest possible accuracy using magnetic resonance imaging (MRI) in South Indian Population aged 20–70 years; 
to provide a baseline data of PFJ morphometric parameters in South India.

Materials and Methods: The parameters studied in the study were knee joint MRI obtained from the records of Department 
of Radiology with the following settings: (1) All studies were performed with a Signa 1.5 T MRI System (GE, Milwaukee, WI, 
USA). (2) At the time of imaging, every patient was made to lay supine with the knee joint straightened and neutrally rotated. 
(3) T2-weighted sagittal and axial images of knee joint were studied. (4) The slice thickness for all the sequences was 4 mm. 
The PF anatomy and congruence were assessed using a total of 22 parameters.

Observations and Results: Out of the 140 knee MRI records, 70 (50%) were males, and 70 (50%) were females. Among 
the 70 males MRI records, 31 (44.3%) were of the right knee and 39 (55.7%) of the left knee. Of the 70 female Knee MRI, 
39 (55.7%) were of the right and 31 (44.3%) of the left knee. The mean value reveals statistically significant difference (P ≤ 
0.05, Student’s unpaired t-test) across gender for 18 out of the 22 parameters denoting sex variation in the PFJ among the 
South Indian population.

Conclusions: From our present MRI study in 70 males and 70  females representing the South Indian population, it was 
concluded that 18 out of the 22 morphometric parameters of the PFJ depicted significant gender variation (P ≤ 0.05, Student’s 
unpaired t-test). 16 parameters were found to be statistically highly significant with a P value below 0.001.
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softening of  the cartilage, was used to indicate this pain. 
Recent studies have, however, attributed PF morphology 
and static or dynamic malalignment as an important cause 
of  this anterior knee pain.[4] PFJ reveals numerous naturally 
occurring variations in the morphometry of  the patella, 
femoral trochlea and the congruence between them. In 
addition to its cartilaginous layer, these alterations are 
thought to involve the osseous constraints of  the patella 
and the femoral trochlea.[1] Developmental or acquired 
variations in the anatomy and congruence of  the PFJ 
may cause disproportionate distribution of  PFJ stress 
which predispose patients to develop PF pain.[5,6] The 
most important factors predisposing to patellar instability 
include trochlear dysplasia and patella Alta (high position 
of  the patella). Characterization and quantification 
of  these anatomic anomalies will reveal the individual 
mechanism of  patellar instability and help the orthopedic 
surgeon choose the optimal treatment. PF dislocations 
are traumatic derangement to patellar tracking. The 
literature suggests that certain dysplastic features that are 
risk factors for patellar instability occur more commonly 
in females.[2] Although a gender disparity among 1st time 
PF dislocations is debatable, females are more prone to 
recurring dislocations of  the PFJ.[7] This suggests a need to 
investigate the factors which favor recurrent dislocations 
in females. Understanding the PFJ morphology is the key. 
Osteoarthritis (OA) contributes to a major public health 
problem. By the year 2020, OA is expected to represent the 
fourth leading cause of  disability.[8] OA is well known to 
afflict the knee joint.[9] Recent reports have emphasized the 
importance of  PF-OA as a new entity.[10-12] Disproportionate 
mechanical forces produced by anterior malalignment 
of  the knee joint, also known as PF malalignment may 
induce excessive stress on the articular surfaces of  the 
PFJ predisposing to osteoarthritic changes.[13] Chronic 
joint injuries, weight, increasing age or overuse of  the 
joint can also lead to PF arthritis. Studies have observed 
females to be afflicted by isolated PF twice as frequently 
as males.[10] Therefore, there is a need to look for any age 
and gender-related changes in the anatomy and alignment 
of  PFJ. This can help in suggesting exercises or changes 
in posture of  the knee that can alter the alignment of  PFJ 
and thus decrease anterior knee pain. Very few studies 
have concentrated on these anatomic variations among the 
Indian population. This study is an attempt on our behalf  
to highlight the variations in anatomy and congruence 
of  PFJ. Plain radiographic and computed tomographic 
studies allow descriptions or measurements of  the bony 
PFJ. Many of  such previous radiographic studies have 
not contemplated the articular cartilage surfaces. Unlike 
conventional radiographs, transverse magnetic resonance 
images (MRI) allow complete and clear visualization of  
the entire PFJ by clearly delineating the proximal portion 
of  the femoral trochlea. MRI is recognized as a standard 

procedure and has replaced diagnostic arthroscopy as the 
primary diagnostic modality. Moreover, MRI can be used 
to assess anatomic variants that may contribute to chronic 
patellar instability and other forms of  PFJ disorders.[14-18] 

We, therefore, tried to analyze the anatomy and congruence 
of  the PFJ using MRI. PF pain secondary to arthrosis can 
be managed with a variety of  operative and non-operative 
modalities. Patellofemoral arthroplasty (PFA) is one of  
the latest treatment options targeting the pain caused by 
severe, isolated OA of  the PFJ. At present, PFA remains 
a contentious treatment for advanced PF-OA due to its 
variable outcomes. Total knee replacement rather than 
PFA is preferred by many surgeons for isolated advanced 
PF-OA, to gain more consistent outcomes.[19] One of  the 
correctable issues is to formulate appropriate design and 
dimension of  the prosthesis best suited for the South 
Indian population in particular. Gender and age variability 
in the dimensions of  distal femur and patella may have 
implications for implant design and functional outcome 
after PFA. Hence, this study also hopes to address the 
unmet clinical need for PF implants that more accurately 
addresses the morphometric differences between male and 
female femur, patella and the congruence between them.

Aim and Objectives
Our study is undertaken with the following aim and 
objectives.

Aim of the study
The aim of  the study was to study the age and gender 
variations in various morphometric parameters of  the 
PFJ to the highest possible accuracy using MRI in South 
Indian population aged 20–70 years during the period from 
October 2013 to October 2015 and to provide a baseline 
data of  PFJ morphometric parameters in South India.

Objectives
1.	 To study the various structures forming the knee joint 

using MRI scans of  knee joint taken from adult live 
subjects.

2.	 To assess the PF anatomy and congruence using the 
patellar parameters, femoral trochlear parameters and 
PF congruence parameters.

3.	 To describe the age and gender variations between PF 
anatomy and congruence in adults.

4.	 To compare the results of  this study with that of  other 
similar published works available in literature.

Study Period
The study period was from October 2013 to October 2015.

Institute of Study
This study was conducted at Kasturba Medical College, 
Mangalore, Karnataka, India.
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MATERIALS AND METHODS

The materials required for the present study consists of: 140 
MRI scan records of  the knee joint of  subjects, confirming 
to the inclusion and exclusion criteria, collected from 
the Department of  Radiology, Kannur Medical College, 
Anjarakandy, Kannur, after obtaining the Institute Ethics 
Committee clearance.

Study Design
The study design was a retrospective study.

Study Sample Size
A total of  140 knee joint MRI records of  patients (70 males 
and 70 females).

Study Sample Size Calculation
By the purposive sampling method, with 95% confidence 
level and 90% power, the sample size of  140 subjects was 
calculated by the formula given below:

Sample size n
2 Z Z

70
2 2

2 ( ) =
× +( ) ×

=
    α β

δ

σ

 
(approximate value)

Zα = Level of  significance (95%) = 1.96

Zβ = Required power (90%) = 1.282

σ = Anticipated standard deviation of  the parameter=1.95

δ = Test value of  the difference between means =1.06

Total trial size = 2× n = 2×70 (approximate) = 140

Inclusion Criteria
Randomly selected knee joint MRI records of  patients of  
known sex and age from 20 to 70 years, who had taken 
it for various reasons in the Radiology Department were 
included in the study.

Exclusion Criteria
Patients with a history of  congenital abnormality, severe 
trauma, surgery, acute patellar dislocation, knee joint tumor, 
and rheumatic arthritis were excluded from the study.

Materials Used
The parameters studied in the study were knee joint MRI 
obtained from the records of  Department of  Radiology with 
the following settings: (1) All studies were performed with a 
Signa 1.5 T MRI System (GE, Milwaukee, WI, USA). (2) At the 
time of  imaging, every patient was made to lay supine with the 
knee joint straightened and neutrally rotated. (3) T2-weighted 
sagittal and axial images of  knee joint were studied. (4) The slice 

thickness for all the sequences was 4 mm. The PF anatomy and 
congruence were assessed using a total of  22 parameters. When 
the chondral surface was involved during the measurement 
of  any parameter, the contour of  the chondral surface was 
measured as a reference instead of  the subchondral bone.[20]

To assess patellar anatomic morphology, the following 
parameters were studied on the patellar mid transverse layer 
of  the axial MRIs, where the patellar maximal transverse 
diameter was visible.[20]

1.	 Patella angle (PA): Angle between the medial and lateral 
facets of  patella with the point of  the patellar central 
ridge as the zenith [Figures 1 and 2].

2.	 Patella width (PW): Distance between most medial and 
most lateral points of  the patella [Figures 1 and 2].

3.	 Patella thickness (PT): Distance between the points of  
the patellar central ridge to the patellar anterior point 
[Figures 1 and 2].

4.	 Patella lateral facet width (PLFW): Distance between 
the most lateral point of  the patella and the patella 
central point [Figures 1 and 2].

5.	 Patella facet thickness (PFT): Distance between patellar 
central point and the point of  patellar central ridge 
[Figures 1 and 3].

6.	 Patella lateral facet ratio (PLFR=PLFW/PW): Patella 
lateral facet width:patella width.

7.	 Patella relative thickness (PRT=PT/PW): Patella 
thickness:patella width.

8.	 Patella facet thickness ratio (PFTR=PFT/PT): Patella 
facet thickness:patella thickness.

To assess femoral trochlear anatomic morphology, the 
following parameters were studied, measured on the initial 
layer of  the axial MRIs.

1.	 Sulcus angle (SA): Angle between the medial and 
lateral facets of  the femoral trochlea with the deepest 
trochlear point as the zenith [Figures 4 and 5].

2.	 Sulcus width (SW): Distance between the most medial 
and most lateral points of  the femoral trochlea [Figures 
4 and 5].

3.	 Sulcus depth (SD): Distance between the deepest 
trochlear point to line SW (the sulcus central 
point is defined as the point of  intersection of  the 
perpendicular line and line SW) [Figures 4 and 6].

4.	 Sulcus lateral facet width (SLFW): Distance between 
the most lateral point of  the trochlea and the sulcus 
central point [Figures 4 and 6].

5.	 Trochlea epicondylar axis angle (TEAA): Angle 
between the line SW and the line of  the femoral 
epicondylar axis [Figures 4 and 7].

6.	 Sulcus lateral facet ratio (SLFR=SLFW/SW): Sulcus 
lateral facet width:sulcus width.
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7.	 Sulcus relative depth (SRD=SD/SW): Sulcus 
depth:sulcus width.

To assess PF congruence, the following parameters were 
measured on the initial layer of  the axial MRIs, where 
the femoral epicondylar axis was clearly visible from the 
proximal to the distal portions of  the PFJ.

1.	 Lateral patella displacement (LPD): Distance between the 
2 perpendicular lines drawn to line SW from the most 
medial point of  patella (line a) and from the most medial 
point of  femoral trochlea (line b) [Figures 8 and 9].

2.	 Lateral trochlear inclination (LTI): Angle between lateral 
trochlear facet and the line connecting the posterior-
most surface of  femoral condyle [Figures 9 and 10].

3.	 Patella epicondylar axis angle (PEAA): Angle between 
the line connecting the most lateral and medial points 
of  the patella and the line of  femoral epicondylar axis 
[Figures 9-11].

4.	 Width congruence (WC): PW:SW
5.	 Depth congruence (DC): SD: PFT
6.	 Congruence angle (CA): Angle between the line 

connecting the point of  patellar central ridge and the 
sulcus central point (line a) and the line bisecting the 
SA (line b), [Figures 11-13].

	 One parameter of  PF congruence was measured on 
the sagittal images where the patellar maximal length 
is visible.

7.	 Insall-Salvati index (ISI): Ratio of  patella tendon length 
to the patella length (PTL/PL) [Figure 14].

Statistical Analysis
The general descriptive statistics were done for all the 
measurements providing means and standard deviations 
(SD) separately for both male and female. Student’s 
unpaired t-test was used to check whether significant 

Figure 1: Parameters used to assess patellar anatomy on axial 
magnetic resonance images 

Figure 2: Magnetic resonance imaging right knee - T2 axial 
section illustrating landmarks for measuring patella angle (PA), 

patella width (PW) and patella thickness (PT)

Figure 3: Magnetic resonance imaging right knee - T2 Axial 
section illustrating landmarks for measuring patella lateral facet 

width (PLFW) and patella facet thickness (PFT)

 
Figure 4: Diagram of parameters used to assess the femoral 
trochlear anatomy on the axial magnetic resonance images 
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differences exist (P ≤ 0.05) between each male and 
female, mean measurements. ANOVA test was used to 
check significant differences (P ≤ 0.05) between the mean 
measurements of  the 4 age groups.

OBSERVATIONS

140 knee MRI records of  patients collected from the 
Department of  Radiology Kasturba Medical College, 
Mangalore, Karnataka, conforming to the inclusion and 
exclusion criteria from October 2013 to October 2015 
were included in this retrospective study.

Gender Variation
Out of  the 140 knee MRI records, 70 (50%) were males and 
70 (50%) were females. Among the 70 males MRI records, 

Figure 5: Magnetic resonance imaging right knee - T2 axial 
section illustrating landmarks for measuring sulcus angle (SA) 

and sulcus width (SW)

Figure 7: Magnetic resonance imaging left knee - T2 axial 
section illustrating landmarks for measuring TEAA  

Figure 6: Magnetic resonance imaging right knee - T2 axial 
section illustrating landmarks for measuring sulcus depth (SD) 

and sulcus lateral facet width (SLFW)

Figure 8: Diagram of parameter to assess patellofemoral 
congruence

31 (44.3%) were of  the right knee and 39 (55.7%) of  the 
left knee. Of  the 70 female Knee MRI, 39 (55.7%) were of  
right and 31 (44.3%) of  the left knee. The mean value reveals 
statistically significant difference (P ≤ 0.05, Student’s unpaired 
t-test) across gender for 18 out of  the 22 parameters denoting 
sex variation in the PFJ among the South Indian population 
as shown in Tables 1-3. Among the patellar parameters, the 
PA, PW, PT, PLFW, PFT, PRT, and PFT ratio exhibited 
statistically highly significant sexual dimorphism (P ≤ 0.001). 
The only patellar parameter which was not significant 
statically was the PLFR. The mean value was higher in males 
than females except for PLFR (PLFW/PW) and PFT ratio 
(PFT/PT) as shown in Table 1. The comparison of  SD 
suggests that males exhibit more variability than females in 
all measurements of  patella except PT, PFT, PRT (PT/PW), 
and PFT ratio (PFT/PT) as shown in Table 1.

Analysis of  trochlear parameters reveals a higher mean 
value in males than females except for trochlear epicondylar 
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axis angle and SRD as shown in Table  2. Here the 
comparison of  SD suggests that males exhibit a more 
variability than females in all the trochlear parameters 
except SLFR (SLFW/SW) and SRD (SD/SW) as shown 
in Table 2. Among the trochlear parameters analyzed in 
the South Indian population, the SA, SW, SD, SLFW, SRD, 
and SLFR were found to be statistically highly significant 
(P ≤ 0.001) depicting gender variation.

Table 1: Means, standard deviations and “P” values of patellar parameters by sex in south indian 
population
Parameters Mean SD P value (Student’s t‑test)

Male Female Male Female
Patella angle 127.23 125.01 4.76 2.87 0.001*
Patella width 42.21 36.07 2.03 1.49 0.000*
Patella thickness 20.30 16.24 0.89 0.92 0.000*
Patella lateral facet width 22.59 19.47 1.99 1.11 0.000*
Patella facet thickness 12.21 10.26 0.77 0.99 0.000*
Patella lateral facet ratio 0.5358 0.5406 0.0495 0.0370 0.520
Patella relative thickness 0.4817 0.4513 0.0265 0.0367 0.000*
Patella facet thickness ratio 0.6024 0.6319 0.0454 0.0528 0.001*
*Highly significant. **Significant. SD: Standard deviation

Table 2: Means, SD and “P” values of trochlear parameters by sex in south indian population
Parameters Mean SD P value (Student’s t‑test)

Male Female Male Female
Sulcus angle 134.32 130.11 6.57 4.47 0.000*
Sulcus width 38.16 32.12 3.06 1.22 0.000*
Sulcus depth 8.41 7.57 1.27 0.94 0.000*
Sulcus lateral facet width 23.63 18.55 1.90 1.78 0.000*
Trochlea epicondylar axis angle 12.26 12.46 3.24 1.02 0.610
Sulcus lateral facet ratio 0.6204 0.5774 0.0390 0.0510 0.000*
Sulcus relative depth 0.2199 0.2356 0.0255 0.0273 0.001*
*Highly significant. **Significant. SD: Standard deviation

Table 3: Means, SD and “P” values of patellofemoral congruence parameters by sex in South indian 
population
Parameters Mean SD P value (Student’s t‑test)

Male Female Male Female
LTI 16.68 15.88 4.59 5.27 0.341
LPD 3.37 1.49 4.64 4.51 0.016**
PEAA 8.35 10.79 2.30 3.34 0.000*
Congruence angle 11.66 14.66 9.30 3.20 0.012**
Insall‑Salvati index 1.12 1.25 0.098 0.116 0.000*
Width congruence 1.11 1.12 0.086 0.070 0.313
Depth congruence 0.6894 0.7390 0.0981 0.0707 0.001*
*Highly significant. **Significant. SD: Standard deviation, LPD: Lateral patella displacement, LTI: Lateral trochlear inclination, PEAA: Patella epicondylar axis angle

Table 4: Number of persons in each age group
Age (in years) Total number of persons (%)
21–30 37 (26.4)
31–40 35 (25)
41–50 30 (21.4)
>50 38 (27.1)
Total 140 (100)

For the PF congruence, the mean value was higher in 
females than males except for LTI and LPD as seen in 
Table 3. The comparison of  SD among the PF congruence 
parameters reveals a more variability in males than females 
in all the parameters except LTI, PEAA, and ISI (PTL/PL) 
as seen in Table 3. Among the PF congruence parameters 
analyzed in the South Indian population LPD, PEAA, DC, 
ISI, and CA were found to be statistically significant (P ≤ 
0.05) depicting gender variation.

Age Variation
The total of  140 knee MRI records were categorized 
into four different age groups, 21–30, 31–40, 41–50, and 
>50  years with 37  (26.4%), 35  (25%), 30  (21.4%), and 
38  (27.1%) persons, respectively, in each age group, as 
shown in Table 4.
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On the evaluation of  the mean value of  various 
morphometric parameters of  the PFJ, statistically 
significant difference (P ≤ 0.05, ANOVA test) across the 
four age groups was observed for most of  the parameters 
in the knee MRI records as shown in Tables 5-7. Among the 
patellar parameters, age difference in ANOVA was found 
in PA, PW, PFT ratio (P < 0.001), and PLFR (P ≤ 0.05), 
but not for PT, PLFW, PFT, and PRT as shown in Table 5.

On analysis of  the trochlear parameters, highly significant 
age difference in ANOVA was observed in SA, SD, SRD, 
and SLFR (P < 0.001), but not in SW, SLFW, and TEAA 
as shown in Table 6.

The PF congruence parameters showed significant 
age difference in ANOVA for LTI, Lateral Patellar 
Displacement, ISI, DC, WC (P ≤ 0.001), and PEAA (P ≤ 
0.05), but not for CA as shown in Table 7.

On analysis of  the patellar parameters, Karl Pearson 
correlation revealed a positive correlation of  PW with age. 
The PA, PLFR, and PFT ratio were found to be decreasing 
with age. Rest of  the patellar parameters did not show any 
significant variation trend with age as depicted in Table 8.

The SA and SLFR were found to be decreasing with increase 
in age. Rest of  the trochlear parameters did not show any 
significant variation trend with age as depicted in Table 9.

Table 5: Means, SD and “P” values of patellar parameters by age in South Indian population
Parameters Age group (Mean±SD) P value

21–30 31–40 41–50 >50
PA 125.31±3.47 128.74±5.16 126.79±2.74 123.96±2.80 0.000*
PW 38.76±2.69 39.84±2.82 37.25±3.68 40.36±4.18 0.002*
PT 18.09±2.43 18.35±2.18 17.79±1.78 18.74±2.37 0.342
PLFW 20.99±2.32 21.63±2.78 20.51±1.52 20.92±2.03 0.235
PFT 11.05±1.35 11.36±1.34 11.54±1.52 11.04±1.06 0.335
PLFR 0.54±0.05 0.542±0.05 0.55±0.04 0.52±0.04 0.014**
PRT 0.47±0.05 0.46±0.03 0.48±0.02 0.46±0.03 0.185
PFTR 0.61±0.05 0.62±0.03 0.65±0.07 0.59±0.04 0.000*
*Highly significant. **Significant. SD: Standard deviation, PA: Patella angle, PW: Patella width, PT: Patella thickness, PLFW: Patella lateral facet width, PFT: Patella facet 
thickness, PLFR: Patella lateral facet ratio, PRT: Patella relative thickness, PFTR: Patella facet thickness ratio

Table 6: Means, SD and “P” values of trochlear parameters by age in South Indian population

Parameter Age group (Mean±SD) P value
21–30 31–40 41–50 >50

SA 136.79±5.46 134.25±4.62 129.54±2.60 128.01±5.64 0.000*
SW 34.19±3.03 36.31±5.04 35.26±2.89 34.91±3.69 0.124
SD 7.15±0.90 8.11±1.50 8.26±0.65 8.47±1.04 0.000*
SLFW 21.50±2.60 21.81±3.69 20.72±2.26 20.31±3.55 0.157
TEAA 12.63±2.97 12.57±3.20 12.64±0.69 11.67±1.57 0.232
SLFR 0.63±0.04 0.60±0.031 0.59±0.04 0.58±0.07 0.000*
SRD 0.21±0.02 0.22±0.024 0.24±0.02 0.24±0.03 0.000*
*Highly significant. **Significant. SD: Standard deviation, SA: Sulcus angle, SW: Sulcus width, SD: Sulcus depth, SLFW: Sulcus lateral facet width, TEAA: Trochlea epicondylar 
axis angle, SLFR: Sulcus lateral facet ratio

The lateral patellar displacement was found to be decreasing 
with age. Rest of  the congruence parameters did not show any 
significant variation trend with age as depicted in Table 10.

DISCUSSION

Disorders of  the PFJ are one of  the most important factors 
contributing to anterior knee pain which presents as a very 
common problem in orthopedics and sports medicine. 
The PFJ and its morphometry to PF pain and PF OA have 
been related by radiological studies previously.[5,13,21,20] Data 
on gender or age comparative anatomical analysis of  the 
measurements of  the PFJ are limited. Our investigation 
has identified several significant PF anatomic variations 
with respect to age and gender among the South Indian 
population which may account for age and gender-wise 
prevalence of  certain PF disorders. Recently, PFA has 
attracted increased interest as a salvage treatment for 
isolated PF arthritis.[22] There is a significant difference in 
the morphology of  the PFJ between the Asian and Western 
patients.[23] There is a lack of  morphometric data about 
the Asian and particularly the Indian PFJ which could be 
responsible for poor clinical results following arthroplasty.[24] 

The radiographic studies provide an added advantage of  
having digital data for future reference and research. In this 
study, we adopted the indirect method by MRI, and all the 
measurements in this study were collected non-invasively.
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Sex Variation
From our present study of  the PFJ in the South Indian 
Population, 18 out of  the 22 parameters were found to be 
statistically significant, denoting sex variation in the PFJ 
(P ≤ 0.05).

Patellar Parameters
The patella serves as a marker for the alignment of  the 
extensor mechanism of  the knee joint. Skeletal components 
play a pivotal role in the determination of  sex in forensic 
and anthropological fields, and the bony patella has been 
used in many studies as a sex assessor with the highest 
rate of  classification of  95% thereby making the patella 
useful for sex determination.[25,26] In our analysis of  the 
patellar parameters from MR images, the PA, PW, PT, 
PLFW, PFT, PRT, and PFT ratio exhibited statistically 
highly significant sexual dimorphism (P ≤ 0.001). The 
only patellar parameter which was not significant statically 

was the PLFR. It was observed that the male patellae 
had larger geometrical dimension than female patellae. 
Similar findings were observed by Yoo et al. in the Korean 
population and Baldwin et al. in the western population.[26,27] 
In our study, mean value was higher in males than females 
for all the patellar parameters, except for PLFR (PLFW/
PW) and PFT ratio (PFT/PT). The mean PA was found to 
be 127.23° ± SD 4.76° in males and 125.01° ± SD 2.87° in 
females. It was reported that the patella of  Asian population 
is thinner and smaller than Western subjects.[28,29] This fact 
is confirmed in this study on the South Indian population. 
Our study showed the mean PW to be 42.21 mm in males 
and 36.07 mm in females which was smaller than reported 
by Baldwin et al.,[27] Shang et al.,[29] and Yoo et al.[26] for 
Westerns, southern Chinese, and Korean population. 
On analysis of  the mean PT, it was found to be smaller 
than that of  the Western, Korean, and southern Chinese 
population.[31,32] In our study, the PT was 20.30 ± 0.89 mm 
for males and 16.24 ± 0.92 mm for females. Thus, the 

Figure 9: Magnetic resonance imaging right knee - T2 axial 
section illustrating landmarks for measuring lateral patella 

displacement (LPD)

Figure 10: Magnetic resonance imaging left knee - T2 axial 
section illustrating landmarks for measurement of lateral 

trochlear inclination (LTI)

Figure 11: Magnetic resonance imaging right knee: T2 
axial section illustrating landmarks for measuring patella 

epicondylar axis angle (PEAA)

Figure 12: Diagram of congruence angle, indicated as COD
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South Indian female is found to have the thinnest patella 
of  mean value 16.24 mm among the western, Korean, and 
South Chinese population. A comparison of  PW and PT 
in different population groups is shown in Table 11.

We measured the PRT which is the ratio of  PT to PW. 
This can also be used as a useful guide for estimating 
premorbid patellar thickness. The PRT was found to be 
0.4817 and 0.4513 mm, respectively, in males and females 
of  the South Indian Population with a statistically high 
significance (P = 0.000). PFT was 12.21 mm in males and 
10.26 mm in females with a statistically high significance 
(P = 0.000). PLFW which revealed a mean value of  
22.59 mm in males and 19.47 mm in females was smaller 
compared to the south Chinese population, 26.91 mm in 
males and 23.30 mm in females, while the same dimension 
measured in western was 29.7 mm in males and 25.3 mm 
in females. Yang et al. observed that PF cartilage lesions 
are more likely in those cases where a patella is dominated 
by a lateral articular facet.[20] This can be calculated with 

the PLFR which was found to be 0.5358 in males and 
0.5406 in females. PFT ratio which is the ratio of  PFT to 
PT was 0.6024 in males and 0.6319 in females with highly 
significant P value of  0.001.

Trochlear Parameters
The mechanics and pathomechanics of  the PF articulation 
are largely dependent on the configuration and location of  
the intercondylar groove on the distal end of  femur.[33,34] 
The relation between the location and orientation of  
the femoral sulcus, the deepest depression of  the 
intercondylar groove to the condyles or the anatomic and 
mechanical axes of  the femur were defined by Walmsley.[34] 
Patellar tracking during knee flexion is provided by the 
femoral trochlea, which consists of  the lateral and medial 
facets of  the femoral. Among the trochlear parameters 
analyzed in the South Indian population, the SA, SW, 
SD, SLFW, SRD, and SLFR were found to be statistically 
highly significant (P ≤ 0.001) depicting gender variation. 
The mean SA in our study was found to be 134.32° in 
males and 130.11° in females. Our values were found to 
be lower than those according to Brattstroem[21] (142°) and 
Merchant[34] (138°).Murshed et al.[35] reported the mean SA 
in males and in females to be 134° ± SD 5.1° and 133.2° ± 
SD 6.7°, respectively, in the Turkish population. The mean 

Figure 13: Magnetic resonance imaging right knee - T2 axial 
section illustrating landmarks for measuring congruence angle 

(CA)

Figure 14: Magnetic resonance imaging knee - T2 sagittal image 
illustrating landmarks for measuring Insall-Salvati index = 

Patella tendon length (PTL)/Patella length (PT)

Table 7: Means, SD and “P” values of 
patellofemoral congruence parameters by age in 
South Indian population
Parameter Age group (Mean±SD) P value

21–30 31–40 41–50 >50
LTI 16.94±5.96 16.63±2.19 12.85±4.61 17.86±4.87 0.000*
LPD 5.25±2.14 4.60±2.00 1.65±4.49 −1.70±5.21 0.000*
PEAA 9.74±3.62 10.20±3.75 8.16±2.65 9.94±1.71 0.039**
CA 13.14±2.87 12.17±2.28 15.74±2.78 12.07±12.75 0.135
ISI 1.17±0.112 1.22±0.093 1.24±0.166 1.13±0.11 0.001*
WC 1.14±0.04 1.11±0.09 1.06±0.06 1.16±0.09 0.000*
DC 0.65±0.09 0.71±0.07 0.72±0.06 0.77±0.09 0.000*
*Highly significant. **Significant. SD: Standard deviation, LTI: Lateral trochlear 
inclination, LPD: Lateral patella displacement, PEAA: Patella epicondylar axis 
angle, CA: Congruence angle, WC: Width congruence, DC: Depth congruence, 
ISI: Insall‑Salvati index

Table 8: Correlation between the patellar 
parameters and age

Parameter Karl Pearson 
correlation

P value

Age Patella angle −0.209* 0.013
Patella width 0.195* 0.021
Patella thickness 0.149 0.079
Patella lateral facet width 0.016 0.852
Patella facet thickness 0.014 0.865
Patella lateral facet ratio −0.168* 0.047
Patella relative thickness 0.019 0.822
Patella facet thickness ratio −0.183* 0.031

*Significant P value ≤ 0.05. **Highly significant parameters P ≤ 0.001
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SD was found to be higher in males (8.41 ± 1.27 mm) than 
females (7.57 ± 0.94 mm) and is statistically significant (P 
< 0.001). SA and SD together can be used as a reliable 
tool to assess trochlear dysplasia. In our study, males had 
a shallower femoral groove compared to the females, 
which makes them more prone to patellar instability and 
can be an important factor causing anterior knee pain in 
those men involved in sports. The mean SW was found 
to be 38.16 ± 3.06 mm in males and 32.12 ± 1.22 mm 
in females. The SLFW being 23.63 ± 1.90 mm in males 
and 18.55 ± 1.78 mm in females. According to Poilvache 
et al. and Stoeckl et al.,[36,37] the TEAA is a reproducible 
reference for knee flexion and extension, making it an 
anatomical marker that indicates femoral condyles. In our 
study, TEAA was 12.26° for males and 12.46° for females 
showing no statistically significant difference between the 
TEAA values for males and females. All these values of  
femoral trochlea should be taken into consideration to 

tailor appropriate prosthesis for femoral component of  
TKA or PFA.

Congruence Parameters
Gross malalignment syndromes of  the PFJ and dislocations 
of  the patella are easily diagnosed, but more subtle 
malalignment and patellar tracking disorders often 
escape detection. The CA was described by Merchant 
et al. and used by many others as a tool to identify subtle 
malalignment of  the PFJ.[33] In our study, the mean CA 
was found to be 11.66° ± SD9.30° in males and 14.66° ± 
SD3.20° in females. Our study revealed a more positive 
value of  the CA compared to those of  Merchant et al.,[34] 
which may be attributed to the difference in the degree of  
flexion of  the knee while recording the measurement. In 
our study, we found a lower SA and higher CA in female 
compared to the males. This factor makes the South Indian 
females more prone to anterior knee pain due to increased 
load on the PFJ. In our study, the LPD was found to be 
3.37 ± 4.64 mm in males and 1.49 ± 4.51 mm in females. 
The positive value indicates a lateralized position of  patella. 
A laterally positioned patella (defined as LPD >5 mm) is 
associated with a high specificity for maltracking. Yang 
et al. found that LPD increases the risk for PF cartilage 
lesions.[20] It is thought that the distribution of  stress in 
the PFJ changes as a result of  patella displacement. In 
addition to the CA and LPD, we used the PEAA to assess 
PF congruence in the transactional images. The femoral 
epicondylar axis, in contrast, has been identified as the 
rotational axis of  flexion and extension of  the knee by 
Poilvache et al. and Stoeckl et al.[37,38] In our study, the PEAA 
was found to be 8.35° ± SD2.30° in males and 10.79° ± 
SD 3.34° in females. This is in accordance with the values 
observed by Yang et al.[36] In our study, it showed LTI to 
be 16.68° ± SD 4.59° in males and 15.88° ± SD 5.27° in 
females. This is in accordance with the values observed 
by Carrillon et al. in normal subjects of  France (16.93° 
± SD 4.97°).[14] LTI of  men and women in our series did 
not show a statistically significant difference. Numerous 
methods exist for determining patellar height on lateral 
radiographs.[38-41] The most widely used method is the 
patellar tendon: Patella ratio of  Insall and Salvati.[42] Our 
analysis of  the ISI showed a value of  1.12 ± 0.098 in males 
and 1.25 ± 0.116 in females, showing a statistically high 
significance (P = 0.000).

Age Variation
This study also demonstrates differences found in the 
anatomical profile of  the PFJ between age groups. In our 
study, among the patellar parameters, the significant age 
difference was found in PA, PW, PFT ratio (P < 0.001), 
and PLFR (P ≤ 0.05), but not for PT, PLFW, PFT, 
and PRT. Furthermore, a positive correlation of  PW 
with age was revealed by the Karl Pearson correlation 

Table 10: Correlation between the patellofemoral 
congruence parameters and age

Parameter Karl Pearson 
correlation

P value

Age LTI −0.010 0.909
LPD −0.564** 0.000
PEAA −0.016 0.853
Congruence angle −0.025 0.770
Insall‑Salvati index=PTL/PL −0.116 0.170
Width congruence 0.152 0.072
Depth congruence 0.412** 0.000

*Significant P value ≤ 0.05. **Highly significant parameters P ≤ 0.001. LTI: Lateral 
trochlear inclination, LPD: Lateral patella displacement, PEAA: Patella epicondylar 
axis angle, PTL: Patella tendon length, PL: Patella length

Table 11: Comparison of patella width and patella 
thickness
Population Patella width Patella thickness

Male Female Male Female
Present study (South Indians) 42.21 36.07 20.30 16.24
Baldwin et al. (Western) 50.3 43.5 23.9 21.8
Yoo et al. (Koreans) 47.01 41.25 23.1 21.2
Shang et al. (South Chinese) 47.01 41.25 23.91 21.52

Table 9: Correlation between the trochlear 
parameters and age

Parameter Karl Pearson 
correlation

P value

Age Sulcus angle −0.546** 0.000
Sulcus width 0.056 0.514
Sulcus depth 0.360** 0.000
Sulcus lateral facet width −0.100 0.241
Trochlea epicondylar axis angle −0.162 0.055
Sulcus lateral facet ratio −0.260** 0.002
Sulcus relative depth 0.402** 0.000

*Significant P value ≤ 0.05. **Highly significant parameters P ≤ 0.001
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coefficient in our study. On analysis of  the trochlear 
parameters, the significant age difference was observed 
in SA, SD, SRD, and SLFR (P < 0.001), but not in SW, 
SLFW, and TEAA. Furthermore, an increase in SD and 
SRD with age was observed. The SA and SLFR were 
found to be decreasing with increase in age. Rest of  
the trochlear parameters did not show any significant 
variation trend with age. Nietosvaara found the osseous 
SA to be inversely related to age, being flattest in young 
children and deepening steadily through growth.[43] 
The PF congruence parameters showed significant age 
difference for LTI, lateral patellar displacement, ISI, DC, 
WC (P ≤ 0.001), and PEAA (P ≤ 0.05), but not for CA. 
Furthermore, a strong positive correlation of  DC with 
age was observed. The lateral patellar displacement was 
found to be decreasing with age. Rest of  the congruence 
parameters did not show any significant variation trend 
with age.

SUMMARY AND CONCLUSIONS

From our present MRI study in 70 males and 70 
females representing the South Indian population, it 
was concluded that 18 out of  the 22 morphometric 
parameters of  the PFJ depicted significant gender 
variation (P ≤ 0.05, Student’s unpaired t-test). 16 
parameters were found to be statistically highly significant 
with a P value below 0.001. Significant age variation in 
ANOVA test was found in 14 out of  the 22 parameters 
of  the PFJ (P ≤ 0.05). This pilot study representative of  
the South Indian population can provide guidelines to 
manufacture prosthetic inventories suitable for the Indian 
population having smaller anthropometric measurements 
than Western population, especially to design gender and 
age-specific prosthesis.
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