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Abstract
Introduction  Early patellar failures in tricompartmental total knee arthroplasty (TKA) have been related to universal design-
ing of implants. Establishing the appropriate patellar bone–prosthesis composite thickness is one of the important steps in 
ensuring functional success in arthroplasty. Since there is a paucity of data concerning the anthropometric measurements of 
Indian patella, the objective of this study was to obtain anatomic information of the patella of the northern Indian population 
and to analyze how it differs from western patellae that will improve patellar component design and implantation in TKA.
Materials and methods  A total of 266 consecutive knee radiographs were evaluated. All data were collected by a single 
doctor using X-ray console, where height (mm) and breadth (mm) were taken in anteroposterior views and thickness (mm) 
in lateral view.
Results  The mean, standard deviation, 95% confidence interval and P value of the measurements were calculated. It was 
found that Indians had thinner and smaller patella as compared to westerners and also males had significantly (P < .001) 
larger patella as compared to females.
Conclusion  Anthropometric patellar dimensions can influence implant design and surgical outcomes and can be used as a 
guideline for future designing of more regional and gender-specific patellar component and patellar plate.
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Introduction

There is a paucity of data concerning the anthropometric 
measurements of Indian patella. Information regarding 
anthropometric patellar dimensions can play an important 
role during the design of the patellar prosthesis and implants 
[1]. A disproportional implant of the patellofemoral joint 
would result in an ineffective lever support, limitation of 
motion, excessive wear and instability of patella with associ-
ated knee pain [2]. In patellar resurfacing, it is desirable that 
the final thickness of the resurfaced patella following TKA 
matches the native patellar thickness. While overstuffing of 
the patella femoral joint can reduce the range of motion, 
predispose to lateral patellar subluxation and increase patella 
femoral compression force, a thin patella can reduce the con-
tact force and potentially result in fracture and anteroposte-
rior instability [3, 4]. There is a difference in the patella of 

Asian and western population [5–7]. Most of the prostheses 
currently available in the market are designed based on the 
measurements from Caucasians which may not be suitable 
for Asian patients [6, 8–10]. There is a lack of data about the 
Asian knee joint to determine whether the oversized compo-
nent could cause poor clinical results after TKA [11]. It is 
thus necessary to design regional and gender-specific patel-
lar implants based on anthropometric studies. Another prom-
ising surgical technique is the use of minifragment locking 
plate fixation with appropriate size lag screw depending on 
the dimension of patella for fractures that have comminution 
or for revision of failed patellar fixation.

The objective of this study was to obtain the anthropo-
metric data of the patella for the northern Indian population. 
These data can be used for designing patellar component 
and patellar implants. We hypothesized that there is a dif-
ference between male and female patellar measurements, 
and anthropometric measurements of patella for the northern 
Indian population tended to be smaller than measurements 
for western population based on data from the previous 
studies.
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Materials and methods

A total of 266 consecutive knee radiographs of the patients 
that underwent X-rays for minor soft tissue injury or pain 
were evaluated. The inclusion criteria were normal X-rays 
without any radiological evidence of arthritis or any old 
diseases. Two hundred knee radiographs fulfilling the 
inclusion criteria of which 113 belonged to males and 
87 females were taken in this study. The mean age was 
35.13 years (range 18–60). All data were collected by a 
single doctor using X-ray console, where height (mm) 
and width (mm) were taken in anteroposterior views and 
thickness (mm) in lateral view. The software used was 
FCR console software version 8.3, in which the obtained 
values remain the same and are not affected by changes 
made in the size of the image. A standing AP (weight-
bearing) radiograph was obtained with the knee extended, 
the cassette behind the knee and the central X-ray beam 
perpendicular to the cassette. The height of the patella (H) 
was measured from the superior border to apex. Patellar 
width (W) was measured from medial to the lateral border. 
Patellar thickness (T) was the one decimal mean of three 
different measurements from anterior to posterior facet 
drawn as perpendicular to three tangents across the ante-
rior surface of patella in the lateral view (Fig. 1).

Student’s t-test was used to compare patellar dimensions 
between male and female patients. Significance was con-
sidered at the P value less than 0.05. The mean, standard 
deviation and 95% confidence interval (CI) were calculated 
and tabulated using SPSS software, and data were verified 
for normal distribution. To determine whether Indian and 
western patients differed in terms of anthropometric dimen-
sions, we compared our results with the published values. 
The study was approved by our institutional review board.

Results

Descriptive statistical analysis for all subjects is presented 
in Tables 1, 2 and 3 and Fig. 2.

It was observed that the male patellae had larger dimen-
sion than female patellae, and it was found to be statisti-
cally significant (P < .001) for all three measured dimen-
sions. Levene’s test for equality of variance showed that 

Fig. 1   Description on measure-
ments of patella

Table 1   Descriptive statistics of patellar dimensions

Parameter Mean SD 95% Confidence interval P value

Height (H) mm
Male (n = 113) 43.78 3.41 43.15–44.42
Female (n = 87) 38.91 2.92 38.29–39.54
Both (n = 200) 41.67 4.01 41.11–42.22 < .001
Width (W) mm
Male (n = 113) 45.44 3.40 44.80–46.07
Female (n = 87) 40.63 3.26 39.93–41.32
Both (n = 200) 43.35 4.10 42.77–43.92 < .001
Thickness (T) mm
Male (n = 113) 20.15 2.05 19.77–20.54
Female (n = 87) 18.00 1.73 17.63–18.36
Both (n = 200) 19.22 2.19 18.91–19.52 < .001

Table 2   Distribution of subjects according to height and width

Dimensions (mm) Frequency (%)

Height Width

30–39 63 (31.5%) 31 (15.5%)
40–49 134 (67.0%) 154 (77.0%)
50–59 3 (1.5%) 15 (7.5%)
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variance in height (P = .089), width (P = .652) and thick-
ness (P = .120) is equal in all probabilities. Frequency 
of patella with height 40–49  mm was 67% and width 
40–49 mm was 77%. It was also observed that mediolateral 
width of patella was larger than its height. Mean thickness 
was 19.22 mm with 76% falling between 17 and 21 mm. 
A Shapiro–Wilk’s test (P > .05), visual inspection of his-
tograms, normal Q–Q Plots, box plots and skewness and 
kurtosis as indicated by Z value falling between − 1.96 
and + 1.96, suggests that the data for height, width and 
thickness were approximately normally distributed for 
both males and females [12, 13].

Discussion

The patella is an important component in the extensor mech-
anism of the knee joint. It reduces the work of quadriceps by 
displacing the lever arm from the trochlea pivot point [14].
The method of measurements can be divided into direct and 
indirect measurements. Direct measurement is with dried 
bone, skeletal remains or intraoperative measurements per-
formed by surgeon using a caliper [1, 5]. It is difficult to 
procure a sufficient quantity of dry bones or patients need-
ing TKA for research analysis. Indirect measurement is to 
measure radiographic images. In this study, we adopted 
the indirect method using X-ray images. This was a quick, 
inexpensive and noninvasive way to get patellar dimen-
sions [15]. The final bone–prosthesis composite thickness 
should match the native patellar thickness. However, this 
may be difficult if patella is affected by advanced degenera-
tive change, severe deformation or erosion, all of which will 
invariably distort the surface anatomy. Ideally, one should 
aim to preserve approximately 15 mm (12–15 mm) of patel-
lar bone during patellar resurfacing [16]. In the current study 

of normal patella unaffected by erosive disease, we found 
mean height, width and thickness to be 41.67 mm (SD 4.01), 
43.35 mm (SD 4.10) and 19.22 mm (2.19), respectively. 
This was comparable to another study from southern Indian 
population by Murgan et al. [17], who reported mean height, 
width and thickness of 38.07 mm, 38.58 mm and 18.29 mm, 
respectively. Peng et al. [15] in their study of 80 normal 
patella reported that male patella had larger dimensions 
than female patella. Western studies reported large patellar 
dimension. Baldwin et al. [1] in their study of 92 subjects 
from Oregon, USA, reported mean thickness of 21.8 mm in 
females and 23.9 mm in males. Mean height and width were 
38.6 mm and 50.3 mm in males, and 33.9 mm and 43.5 mm 
in females, respectively. Similar trend was seen in a study 
by Iranpour et al. [2] in 37 subjects from London, UK, with 
mean width, thickness and length of 44.8 mm, 22.4 mm and 
34.3 mm, respectively. Olategu et al. [18] in his study of 46 
South African cadavers of European ancestry found mean 
thickness of 23.9 mm and mean patellar height and width 
to be 43.7 mm and 45.1 mm, respectively (Table 4). The 
data show that Indians have a narrow patella compared with 
westerners. 

The major limitation of this study was that the mean 
thickness calculated from this study does not take into 
account the thickness of the patellar cartilage. The patellar 
cartilage thickness is approximately 4 mm, although there 
is progressive thinning after the age of 50 years [19–21]. 
However, if one considers the ideal thickness of the cement 
mantle and the fact that cartilage is more compressible than 
the prosthesis, it may be more practical to restore native 
bone thickness [20]. However, further studies measuring 
cartilage thickness with MRI and its progressive thinning 
with age in Indian population are warranted. Also in abnor-
mal patella secondary to trochlea dysplasia, restoring native 
patellar thickness is to be further proven.

In conclusion, we can say that patellar dimension using 
indirect method showed that Indian patella is thinner and 
smaller as compared to that of westerners, so most of the 
currently available prosthesis based on the measurements 
from Caucasians may not be suitable. Also males have 
larger patella as compared to females. Thus, anthropomet-
ric patellar dimensions play an important role in the design 
of patellar prosthesis. The results of this study will provide 
fundamental data for future designing of regional and gen-
der-specific patellar component and patellar implant. Also 
the results can be used in forensic anthropometric studies 
when other long bones, skull and pelvis are not available.

Table 3   Statistical analysis of data

Parameter Male Female

Skewness Kurtosis Skewness Kurtosis

Height .182 (SE .227) .023 (SE .451) .269 (SE .258) .170 (SE 
.511)

Width .648 (SE .227) .850 (SE .451) .164 (SE .258) .371 (SE 
.511)

Thickness .007 (SE .227) .620 (SE .451) .371 (SE .258) .007 (SE 
.511)
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Fig. 2   Box plot of height a, 
width b and thickness c shows 
data are approximately sym-
metrical with a very few outliers
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Table 4   Comparison of means 
of anthropometric dimensions 
of patella

Study Mean height (mm) Mean width (mm) Mean thickness (mm)

Murugan et al. [17]
(Southern Indian)
 (n = 65) 38.07 (SD 3.79) 38.58 (SD 3.81) 18.29 (SD 1.73)

Baldwin and House [1]
(Oregon, USA)
 Female (n = 57) 33.90 (28–38) 43.50 (36–51) 21.80 (18–27)
 Male (n = 35) 38.60 (32–47) 50.30 (45–65) 23.90 (20–30)
 Total (n = 92) 35.70 (28–47) 46.10 (36–65) 22.60 (18–30)

Iranpour et al. [2]
(London, UK)
 (n = 37) 34.30 (SD 3.80) 44.80 (SD 4.80) 22.40 (2.30)

Olateju et al. [18]
(South African cadavers of European ancestry)
 Female (n = 25) 41.05 (SD 2.18) 42.71 (SD 2.52) 22.89 (SD 1.50)
 Male (n = 21) 46.94 (SD 2.11) 48.03 (SD 3.41) 25.55 (SD 1.69)

Current study
 Female (n = 87) 38.91 (SD 2.92) 40.63 (SD 3.26) 18.00 (SD 1.73)
 Male (n = 113) 43.78 (SD 3.41) 45.44 (SD 3.40) 20.15 (SD 2.05)
 Total (n = 200) 41.67 (SD 4.01) 43.35 (SD 4.10) 19.22 (SD 2.19)
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