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ABSTRACT  

Background: Anatomic variations based on ethnicity and gender play an important role in designing of prosthesis for knee 

surgeries and commercially available prostheses are majorly based on Caucasian morphometry. The present study aimed to 

assess the patella bone by magnetic resonance imaging in North Indian population. Materials and Method: The present 

retrospective study comprised of axial magnetic resonance images of the knee joint of 60 North Indian adults (35 males, 25 

females; aged between 20–70 years). The patellar width, thickness, lateral facet width, facet thickness, ratio of the lateral 

facet, the relative thickness and ratio of facet thickness were measured in the by using the digital ruler. The statistical 

analysis was done by unpaired t test and performed by using the R statistical software. Results: Patellar width, thickness and 

lateral facet width demonstrated statistically highly significant gender wise variations suggesting sexual dimorphism 

(P≤0.001). The mean value was higher in males than females except for patella relative thickness and patella facet thickness 

ratio. It was observed that the males exhibit increased variance than females in all the measurements of patella except patella 

lateral facet ratio. Conclusion: The present study provides an important reference guide for designing gender specific 

prosthetic implants for North Indian population and lead to successful treatment planning in cases of anterior knee pain and 

patellofemoral joint disorders requiring surgical procedures such as arthroplasty of the total knee, patellofemoral 

arthroplasty, resurfacing of patella, and designing the prosthetic implant. 
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INTRODUCTION 

Patellar disorders are one of the most prevalent 

disease conditions and demand detailed and incisive 

knowledge of its musculoskeletal architecture for 

efficient treatment planning. Although the knee joint 

has existed with negligible change over time since 

about 320 million years, the patellofemoral joint that 

forms a significant part of the knee joint began to 

develop only 65 million years ago, indicating a 

phase of evolution of the knee joint structure in the 

skeletal system (1).  The patella with the thickest 

articular cartilage is the most common anatomical 

site of degeneration. Its subcutaneous placement 

renders it more prone to frequent trauma and 

systemic skeletal disorders. Embryologically, since it 

takes part in the formation and development of knee 

joint, the disorders of the patella are often 

differentially diagnosed as intra capsular 

derangements of knee joint. However, the study of 

patella in terms of morphological variations based on 

gender and ethnicity has various clinical and surgical 

implications. Determining the appropriate patellar 

implant size is one of the most important surgical 

implications for a successful surgical outcome in 

cases of total knee arthroplasty (TKA) or 
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patellofemoral arthroplasty (PFA). Conventionally, 

intra-operative measurement of the patella poses 

chances of error due to the diseased joint and hence 

abnormal anatomy. Sexual dimorphism or gender 

variability in regards to external and internal 

morphology of patella may also serve as decisive 

factors and important implications for implant 

design and a successful functional outcome after 

PFA or TKA. Significant evidence based ethnical 

differences in the morphometry of the knee joint 

amongst Asian and Caucasian population has 

already been documented (2). Majority of the 

available knee prosthesis for TKA or PFA have been 

commercially designed based upon the dimensional 

analysis from the anthropometric baseline data of the 

Caucasians, which certainly may not be applicable 

for the Asian population (3-6).  

The present study aims to investigate and analyse the 

anatomy of patella bone in North Indian population 

using magnetic resonance imaging (MRI), collect 

morphometric baseline data and describe gender 

based variations to address the clinical and surgical 

implications for utilization of appropriately designed 

patellar implants for male and female patella in 

North Indian population. 

MATERIALS AND METHOD 

The present investigation is a retrospective study, 

conducted between 2018 and 2020 at tertiary care 

hospitals at Jaipur, Rajasthan, India. A total of 60 

patients were studied. The randomly selected knee 

joint MRI films among 35 males and 25 females, 

aged between 20 and 70 years were included. The 

patients with congenital anomaly, history of trauma, 

surgery, acute patellar dislocation, patellar fracture, 

knee joint tumour, and rheumatoid arthritis were 

excluded from the study. The present study has the 

approval from the institutional ethics committee.  

Although, computed tomography (CT) scan provides 

an ideal bone window for studying the patella but 

due to less number of CT scans done for the knee 

ascompared to X-rays and MRI, CT scans were 

disregarded and MRI was chosen as the preferred 

assessment tool. With an excellent ability to study 

soft tissue anatomy, MRI outlines the cartilage 

boundary better. However, wear and tear owing to 

the physiological process of ageing leads to variation 

in the measurements of the cartilage. Henceforth, it 

is not included in the measurements of the present 

study because of the age based variation. 

Magnetic resonance imaging was performed with a 

Siemens Magnetom 1.5 Tesla MRI System 

(Siemens, Germany). Every patient was advised to 

lie down in supine position with the knee extended 

during the procedure. The T2 weighted axial 

magnetic resonance (MR) images of knee joint with 

slice thickness of 4 mm were studied. The mid 

transversal layer of the axial MRIs (7), which 

allowed the visualisation of maximum transverse 

diameter were examined to assess the anatomy and 

morphological variation of the patella. The following 

parameters were measured in the present study: 

1. Patellar width (PW): the distance between the 

most me¬dial and lateral ends of the patella (Fig. 

1).  

2. Patellar thickness (PT): the distance between the 

patellar central ridge point (A) to the anterior 

point (B) of patella (a perpendicular line was put 

from the patellar central ridge point [A] to the 

line PW, “line a”). The patellar anterior point 

(B) is defined as the intersection point of “line 

a”, and the patellar anterior bony surface. The 

central point of patella (O) is defined as the 

point of intersection between line a, and line PW 

(Fig. 1).  

3. Patellar lateral facet width (PLFW): the distance 

of most lateral point of patella from the central 

point of patella (Fig. 1).  

4. Patellar facet thickness (PFT): the distance of 

patellar central ridge point to the central point of 

patella (Fig. 1). 

5. Patellar lateral facet ratio (PLFR=PLFW/PW): 

the PLFW was divided by the PW.  

6. Patellar relative thickness (PRT=PT/PW): the 

PT was divided by the PW.  

7. Patellar facet thickness ratio (PFTR=PFT/PT): 

the PFT was divided by the PT. 

Data were presented as mean ± standard deviation 

(SD) and statistical analyses were done using 

unpaired t-test for each parameter to derive 

comparisons between genders. P≤.001 was 

considered statistically significant. Self written 

programming in the statistical language R (version 

4.0.3) used for the data analysis.  

RESULTS 

Among the dimensional parameters, the patellar 

width (PW), the patellar thickness (PT) and the 

patellar lateral facet width (PLFW) demonstrated 

statistically highly significant (P≤0.001) gender wise 

comparisons indicating sexual dimorphism (Tables 

1). The mean values of all dimensional parameters 



 Page 90 

were higher in males with the exceptions of patella 

relative thickness (PRT) and patella facet thickness 

ratio (PFTR) where females demonstrated higher 

mean values as shown in Table 1. The male patella 

exhibits higher variability than female patella with 

the exceptions of patella lateral facet ratio (PLFR).  

 

Table 1: Gender wise comparison of the dimensional parameters 

Parameter Male Female P-value 

Patella width(mm) 44.42± 3.59 39.11±2.53 <0.001* 

Patella thickness(mm) 19.37±  2.33 17.74± 1.28 0.001* 

Patella lateral facet width (mm) 25.05± 2.88 22.21± 2.08 <0.001* 

Patella facet thickness (mm) 11±  1.20 10.56± 1.07 0.14 

Patella relative thickness (mm) 0.44± 0.06 0.45± 0.04 0.16 

Patella lateral facet ratio 0.56±  0.04 0.57± 0.05 0.64 

Patella facet thickness ratio 0.57±  0.06 0.60± 0.05 0.10 

* Statistically significant  

Table 2: Comparison of the patella width and thickness with the data from literature 

Population Studied 

Patella width 

(mm) 

Patella thickness 

(mm) Study 

Male Female Male  Female 

Western 50.3 43.5 23.9 21.8 Baldwin and House 

Korean 47 41.2 23.1 21.2 Yoo et al. 

South Chinese 47 41.2 23.9 21.5 Shang et al. 

South Indian 42.2 36.1 20.3 16.2 Reshma et al. 

North Indian 44.8 39.6 19.3 17.9 Present study 

 

A comparative analysis of the patella width and 

thickness between various ethnicities including 

Western, Korean, South Chinese, South Indian and 

the current study of North Indian population is 

presented in Table 2. 

DISCUSSION 

Multiple assessment tools over a period of many 

decades have been employed for morphometric 

analyses of the human skeleton including patella. 

Direct methods include cadaveric or dried bone 

examinations (6,8) and the intraoperative 

measurement of the surgical sites of the patients 

undergoing PFA or TKA surgeries with the help of 

calipers performed by the operating surgeon (9-11). 

However, both these methods have the disadvantage 

of limited clinical material for a substantial clinical 

research. Indirect methods employ non-invasive 

radiographic measurements and analysis with an 

added advantage of digital reproducible data for 

future references with enhanced accuracy while 

performing techniques of geometrical morphometry. 

Magnetic resonance imaging was employed as the 

preferred assessment tool in the present study owing  

 

to its excellent reproducibility, non-invasiveness and 

most importantly the ability to study soft tissue 

details of the patellofemoral joint including the 

cartilage. 

As per the morphometric analysis in the present 

study, magnetic resonance imaging demonstrated 

statistically significant gender based variations 

(P≤.001) suggesting sexual dimorphism in regards to 

the patellar width, patellar thickness and patellar 

lateral facet thickness. It was observed that the male 

patellae had wide commutative range than the 

female patellae. These findings were in accordance 

with the extensive studies conducted by Baldwin and 

House in the Western Population (9), Shang et al in 

Chinese population (12), Yoo et al in Korean 

population and Reshma et al in South Indian 

population (13,14). In the present study we found 

that patella in males demonstrated higher mean 

values as compared to the female counterparts in 

majority of dimensional parameters except patellar 

relative thickness and patellar facet thickness ratio. 

Higher variation in the male patellae than females 

with the exception of patellar lateral facet ratio were 
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also observed in the present study. Similar trends 

were observed for the South Indian population (14).  

In the present study, the mean patellar width in 

males and females were 44.42± 3.59 mm and 39.11 

±2.53 mm respectively which was smaller than the 

Western population (9), Korean population (13) and 

Chinese population (12), although there were 

important differences between males and females 

patellae amongst the South Indian population and the 

North Indian population in our study. The South 

Indian population has lower mean values for the 

males and females patella as compared to the North 

Indian population. In regards to the patellar 

thickness, the North Indian population in our study 

exhibited lesser mean values as compared to the 

Western, Korean and South Indian population (Table 

2). However, it was reported that the South Indian 

population has smallest mean values for males. 

Parallel results were found in the present study too 

suggesting that the Indian population exhibit thinnest 

patella as compared to other ethnic groups and are 

more susceptible for patellofemoral disorders, 

henceforth, becoming an important predisposing 

factor for designing prosthetic implants in cases of 

knee arthroplastic surgeries. It is important to note 

that in the present study, the mean patellar thickness 

for males is lower than females as compared to the 

South Indian population. Patellar thickness remains 

one of the most pertinent factors for a successful 

surgical outcome. Although total knee arthroplasty is 

consistently the most potent surgical management 

yet post-surgical complications in the form of 

patellofemoral joint derangement cannot be 

neglected. The latter certainly depends upon the 

patellar thickness and the nature of defect (15). No 

denying the fact that thinner patellae reduce the 

frictional stresses but simultaneously are prone for 

stress fractures and instability. They can cause 

decreased range of movements in the knee leading to 

subluxation and derangement. Increase in thickness 

of the patella increases the movement of quadriceps 

at a low flexion angle. Any variation in the thickness 

of patella results in lower contact area as compared 

to the normal anatomical morphology. It certainly is 

a wise decision to reference the morphometric data 

in regards to ethnicity, gender and age during the 

process of designing the prosthetic implant and 

surgical planning of implantation. The present study 

is of utmost use as it provides important baseline 

data for the North Indian population.   

The ratio of patellar thickness to width (PRT) is 

another important factor to approximate the 

thickness of premorbid patella and henceforth the 

size of the prosthetic implant as studied by Iranpour 

et al (16). The present study demonstrates smaller 

PRT indicating smaller patella that predisposes to 

greater risk of patellar dislocation in the North 

Indian population particularly females. 

North Indian males and females in our study 

exhibited mean PLFW values of 25.05 mm and 

22.21 mm respectively. North Indian population 

have lower mean of PLFW as compared to Western 

population where males and females demonstrated 

higher mean values 29.7 mm and 25.3 mm 

respectively (9). Similarly, South Chinese population 

also reported with higher mean values of 26.91 mm 

in males and 23.30 mm in females (12). Contrarily, 

North Indian population elicits higher mean PLFW 

as compared to South Indian population (males: 

22.59 mm, females: 19.47mm) (14). The PFT for 

North Indian population was reported to be 11 for 

males and 10.56 for females, although it was 

statistically insignificant. Additionally, Yang et al 

reported higher risk for lesions of the patellar 

femoral cartilage in cases of the dominant lateral 

articular facet (7). In present study, the PFTR was 

0.57 for males and 0.60 for females. 

The patella holds extreme importance as being the 

largest sesamoid bone in the human body and a core 

component in the extensor mechanism of the lower 

extremity. Gender based anatomical variation of the 

patella as evidenced from the obtained 

morphometric data can also have medicolegal 

implications for gender identification in the field of 

forensic anthropology (17-20).   

Overall, based on the axial MR images of the patella 

obtained from the North Indian population in the 

present study, males have a larger sized patella as 

compared to females. The North Indian population 

has smaller and thinner geometric morphology as 

compared to other ethnicities primarily Western, 

Chinese and Korean population. In the present study 

we also observe changes between North Indian and 

South Indian population. The North Indian 

population has larger and broader dimensions as 

compared to South Indian population.  

CONCLUSION 

The present study provides an important reference 

guide for designing gender specific prosthetic 

implants for North Indian population and lead to 

successful treatment planning in cases of anterior 

knee pain and patellofemoral joint disorders 

requiring surgical procedures such as arthroplasty of 

the total knee, patellofemoral arthroplasty, 
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resurfacing of patella, and designing the prosthetic 

implant. Magnetic resonance imaging provides 

useful morphometric data with optimum accuracy 

and desired reproducibility.  
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