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Morphometric analysis of the patella and patellar 
ligament of South Africans of European ancestry

Morphometric analyses of the patella and patellar ligament have been reported to be important in human 
identification, in knee implant design and in certain surgical procedures of the knee. It has also been shown 
that success in the functionality of a knee arthroplasty (knee replacement) is dependent on the implant 
being of an appropriate dimension. We undertook this study because of the lack of available data on these 
dimensions in South Africans. Careful dissection was carried out on both knees of 46 South African cadavers 
(25 females and 21 males) of European ancestry. The quadriceps femoris tendon and patellar ligament 
were carefully freed from the underlying structures. Eight measurements of the patella and patellar ligament 
were taken using a Vernier caliper. Patellae were also classified based on the dimensions of the articular 
facets. No significant difference was found when the measurements taken from both knees were compared 
except for the dimensions of patella thickness and widths. Dimensions of the patella, patellar ligament 
and articular facets are sexually dimorphic. In addition, measurements of the patella and patellar ligament 
showed significant positive correlations, with Type B patellae being the most prevalent in South Africans of 
European ancestry. The data from the present study will be beneficial in clinical and pathological practices 
and for local anthropological records.

Introduction
The patella is the largest sesamoid bone in the body which develops within the tendon of the quadriceps femoris 
muscle. It is a flat bone ‘poised like a shield’ on the anterior surface of the femoral condyles. It has two surfaces 
(anterior and posterior), three borders (superior, medial and lateral) and an apex pointing inferiorly. The anterior 
surface is covered superficially by the continuation of the fibres of the tendon of rectus femoris. The muscles of 
the quadriceps femoris converge to form a single tendon. In addition, the vastus medialis muscle attaches medially 
to this tendon before it blends distally with the patellar ligament.1,2

The posterior surface of the patella can be divided into two parts: superior (articulating) and inferior (non-articulating). 
The inferior part forms the apex of the patella which serves as a site of attachment for the patellar ligament. The 
superior part, however, is sub-divided into lateral and medial facets which are separated by a vertical ridge.

The usefulness of the patella in human identification as well as its role in the normal mechanical design of the knee 
have been widely studied.3,4 In addition, morphometric data obtained from the patella and patellar ligament are 
crucial in the diagnoses and surgical corrections of knee-related injuries or disorders.3,4 Other studies have provided 
informative prognostic factors for patellofemoral joint disorders.5,6 Consequently, dimensions of the patella and 
patellar ligament are often utilised in implant design and certain surgical procedures such as patella resurfacing 
for total knee arthroplasty and the harvesting technique of patellar ligament grafts during the reconstruction of the 
anterior cruciate ligament.4,7,8

An appropriate size and thickness of a patellar implant is important in ensuring success in the functionality of 
arthroplasty.4,9 A disproportional implant of the patellofemoral joint would result in an ineffective lever support, 
limitation of motion, excessive wear and instability of the patella with associated knee pain.4,9 Patella instability 
is often associated with an abnormal patella position, variable patella shapes, a narrowed medial articular facet 
or abnormal stress on the patella.10,11 In addition, disproportional patella-patellar ligament lengths could result in 
a significantly high positioned patella (patella alta) or a low positioned patella (patella baja) in the patellofemoral 
joint.12 Dimensions and classification of patellae, as well as determining the relationship between the patella 
and patellar ligament in different population groups, are important anthropologically as well as clinically for the 
determination of the size of a patellar implant.5,7,8,13-15 

Wiberg13 reported that patellae can be categorised into three types based on the dimensions of the widths of medial 
(MAF) and lateral articular facets (LAF) as well as the curvature of the facets. According to Wiberg’s classification, 
a Type I patella is defined as a patella whose MAF and LAF widths are concave and equal. A Type II patella is one 
in which the width of the MAF is flat or slightly convex and smaller than the width of the LAF. In Type III patellae, 
however, the width of the MAF is convex and considerably smaller than the width of the LAF.13,14 Wiberg13 also 
reported that Type II patellae were the most prevalent, which is in accordance with the report by Fucentese et al.14 in 
which they compared patella morphology in trochlear dysplastic knees with that in normal knees using a magnetic 
resonance imaging technique. 

In another study on the classification of the patellae of foetal cadavers, Koyuncu et al.15 reported that 20% of 
patellae was Class A (the widths of MAF and LAF are equal). In addition, Class B (the width of the MAF is smaller 
than the width of the LAF) was reported as the most prevalent (50%) while 30% of patellae was Class C (the 
width of MAF was greater than the width of the LAF). In the same study, there was no significant difference in the 
measurements of the patella and patellar ligament between the sexes.15 The difference between the classification 
of patella as suggested by Wiberg13 and the classifications reported by Fucentese et al.14 and Koyuncu et al.15 is 
that the convexity of the patella was not considered in the latter studies. Despite the differences in the measuring 
parameters, the findings of the studies were similar. 
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More recently, Philips et al.7 used a radiographic technique to calculate 
the Insall–Salvati index which is defined as the ratio of the length of 
the patellar ligament to the greatest length of the patella.5,7,8 The mean 
(range) of the normal ratio of the Insall–Salvati index is 1.0 (0.8–1.2). The 
drawbacks of using the Insall–Salvati index include a lack of sensitivity to 
patella morphology and abnormalities, and an approximation only of tibial 
tuberosity as the measurements are derived from lateral radiographs of 
the knee.7,16,17 Attempts have been made to reduce the errors from the 
measurement on radiographs but the approximation and assumptions 
which are used affect the accuracy of this radiographic technique.7,16 
However, measurements performed in situ, that is a cadaveric approach, 
are likely to be more accurate because they do not involve approximation 
and assumptions.   

As there has been no previous morphometric study on the patellae of 
any population group of South Africa, it therefore became necessary to 
establish such data on the dimensions of patella and patellar ligaments, 
as well as to classify the patella based on the widths of its articular 
facets. The measurements were taken in situ on a sample of cadavers of 
South Africans of European ancestry. 

Materials and methods
The sample consisted of 46 (25 female and 21 male) South African 
cadavers of European ancestry, housed for teaching purposes in 
the School of Anatomical Sciences, University of the Witwatersrand, 
Johannesburg, South Africa (Human Ethics number W-CJ-101109-1). 
Cadavers with osteoarthritic changes to the knee, visible surgical scars 
in the knee region, physical signs of deformity of the patella or signs 
of patellofemoral disease were excluded from the study. The mean age 
of the male cadavers was 72.6 years (range 40–92) and of the female 
cadavers was 77.3 years (range 47–98).

A 15-cm incision was made on the medial sides of both knees of the 
cadaver after which the skin and facia lata covering both knees were 
carefully removed in order to expose the quadriceps tendon, the patella 
and the patellar ligament. The tendon of quadriceps femoris and the 
patellar ligament were carefully freed from the underlying structures 
without causing any damage or alteration to the desired structures. With 
the knee flexed as much as possible but not in excess of 45 degrees,15 
the maximum patellar ligament height (PLH) and the maximum patellar 
ligament width at the proximal attachment (PLW) were measured using 
a Vernier caliper (Table 1).

Measurements of the patella, namely maximum patella height (PH), 
maximum patella width (PW) and maximum patella thickness (PT), were 
also taken with a Vernier caliper (Table 1). The patella was subsequently 
released by freeing the tendon of the quadriceps femoris from the superior 
border of the patella. The maximum widths of the medial (WMAF) and 
the lateral articular facets (WLAF) were also measured (Table 1). 
Based on the dimension of WMAF in relation to WLAF, each patella was 
classified into one of three categories15: Type A (WMAF=WLAF), Type B 
(WMAF<WLAF) or Type C (WMAF>WLAF). 

Statistical analyses
An assessment of the reliability of the measuring technique was 
performed using an intra-observer reliability test known as Lin’s 
concordance correlation coefficient (Pc). This test was selected 
because it is a measure of both precision and accuracy between the 
test and retest measurement.18 With an assumption that the data are 
analysed with an error low enough to be acceptable, a Student’s t-test 
was used to ascertain whether a significant difference existed between 
the measurements taken from opposite sides of the body. In addition, 
a Pearson’s correlation coefficient was calculated for a selected 
measurement in an attempt to determine the strength of the relationship 
between them. For the classification of the patella articular surfaces, a 
95% confidence interval of the measurement error was calculated. All 
statistical analyses were performed at a significance level of 5%.

Results
Reliability test
The Lin’s concordance correlation coefficient (Pc) for all measurements 
ranged between 0.94 (for WLAF) and 0.99 (for PH) (Table 2). This 
result shows that there was no significant difference between the test 
and the retest measurement, which therefore shows that the measuring 
technique and the data were analysed with an error low enough to 
be acceptable. 

Side differences
A Student’s t-test revealed that there was no statistically significant 
difference in the measurements of the patella between the sides 
of the body, except for PT (p=0.03) and PLW (p=0.03) (Table 3). 
Consequently, the dimensions of PT and PLW were presented and 
analysed separately for each side (Table 4).  

Table 1: Description of measurements taken of the patella and patellar ligament

Measurement Abbreviation Description

Patella height PH Linear distance between the superior border and the apex

Patella width PW Linear distance between the medial and the lateral border

Patella thickness PT Linear distance between the anterior surface and the median ridge on the posterior surface

Patellar ligament height PLH Linear distance between the apex of the patella and the tibial tuberosity

Patellar ligament width (proximal end) PLW Maximum width of the patella at approximately 1 cm from the apex of the patella

Width of medial articular facet WMAF Maximum width from the medial border to the median ridge

Width of lateral articular facet WLAF Maximum width from the lateral border to the median ridge
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Table 2: Concordance correlation coefficient (Pc) of intra-observer repro-
ducibility of measurements of the patella and patellar ligament

Measurement Pc

Patella height 0.98

Patella weight 0.98

Patella thickness 0.96

Width of medial articular facet 0.97

Width of lateral articular facet 0.94

Patellar ligament height 0.98

Patellar ligament width 0.95

Table 3: Comparison between the measurements of the left and right 
knees using a Student’s t-test

Measurement t-value p-value

Patella height 1.28 0.21

Patella weight 0.76 0.45

Patella thickness 2.29 0.03*

Width of medial articular facet 0.54 0.59

Width of lateral articular facet 0.54 0.59

Patellar ligament height -1.54 0.13

Patellar ligament width -2.33 0.03*

*Statistically significant at p<0.05

Descriptive analyses 
The mean and standard deviation for measurements of the patella and 
the patellar ligament are presented in Table 4. The means of PH, PW, 
WMAF, WLAF and PLH were significantly higher in the male cadavers 
than in the female cadavers. In addition, the mean PT and PLW on both 
left and right knees were higher in the male cadavers than in the female 
cadavers (Table 4). The PLH presented with the highest amount of 
variation (σ2: M=63.04, F=62.25) while the least amount of variation in 
both sexes was observed for the PT (σ2: M=2.86, F=2.25).  

Analyses of correlation
There was a positive correlation between all the paired dimensions of the 
patella (Table 5). The strongest relationship was observed between the 
PH and PW (R=0.84). The weakest relationship was found between the 
PLH and PLW (left) with a correlation coefficient of 0.46. Overall, most 
of the measurements showed moderate correlation (range 0.4–0.7) with 
each other (e.g. PLH/PH: 0.53; PLH/PW: 0.55). A strong correlation 
(range 0.7–0.9) was between PH and PW (0.84), PT (right) (0.77) and 
PT (left) (0.71). 

Classification of the articular surface of patella
Most (87%) of the patellae in the studied sample were classified as 
Type B. Of the 46, 5 (11%) were Type A, and one (2%) was classified 
as Type C. 

Discussion
Previous studies have used different measuring techniques, including 
measurements taken during total knee arthroplasty9,19 and the use of 
radiographs14,20, in an attempt to obtain the dimensions of the patella, the 
articular facets of the patella and the patellar ligaments. An advantage 
of a radiographic collection is the availability of a larger sample size 
compared to a limited number of (embalmed) cadavers. However, 
the disadvantage of the radiographic method is that the number of 
measurements of the patella, its articular facets and the patellar ligament 
that can be measured at any given time is limited. It is also difficult to 
establish a possible integration of the dimensions of the patella with the 
patellar ligament. In addition, with radiographic methods there is a need 
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Table 4: Descriptive statistics of measurements of the patella and patellar ligament

Measurement Males Females Males versus females Sexes combined 

Mean 
(mm)

Standard 
deviation

Mean 
(mm)

Standard 
deviation

t-value p-value Mean 
(mm)

Standard 
deviation

Patella height 46.94 2.11 41.05 2.18 9.26 0.0001* 43.73 3.65

Patella weight 48.03 3.41 42.71 2.52 6.08 0.0001* 45.14 3.96

Patella thickness (left) 25.55 1.69 22.89 1.50 5.66 0.0001* 24.10 2.06

Patella thickness (right) 25.39 1.86 22.56 1.51 5.70 0.0001* 23.85 2.18

Width of medial articular facet 22.10 3.34 18.94 2.69 3.56 0.0009* 20.38 3.36

Width of lateral articular facet 27.20 2.52 25.04 2.46 2.93 0.0053* 26.02 2.68

Patellar ligament height 69.74 7.94 62.66 7.89 3.02 0.0042* 65.89 8.59

Patellar ligament width (left) 31.52 2.86 28.58 2.44 3.76 0.0005* 29.92 3.00

Patellar ligament width (right) 32.31 2.63 28.85 2.23 4.83 0.0001* 30.43 2.96

*Statistically significant at p<0.05
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for assumptions, such as approximating the extent of the tibial tuberosity 
while measuring the length of the patellar ligament.

The cadaveric approach, which was used in this study, allowed several 
measurements to be taken on each cadaver in situ. The integration of 
measurements could be beneficial for surgeries of the knee and for the 
anthropological records in South Africa. It could be argued that shrinkage 
of soft tissue in embalmed samples could be a disadvantage of this 
method; however, studies have shown that the extent of shrinkage 
in a formalin-fixed soft tissue is considerably minimal,21,22 although 
prolonged tissue fixation in formalin could produce more tissue 
shrinkage and hardening.21 Because the embalming process requires 
formalin perfusion of specimens and there is no report in the literature 
that states the extent of shrinkage during such a process, we considered 
that shrinkage in the embalmed samples used in this study had negligible 
effects on the data and the final analysis. In order to negate any possible 
effects of such shrinkage, we suggest that samples of fresh cadavers 
(before embalming) be used or that measurements be taken on living 
humans during knee surgery.

In the present study, the mean height, width and thickness of the patella 
of both sexes were 43.73 mm, 45.14 mm and 24.10 mm, respectively. 
In addition, the mean height and width of the patellar ligament in both 
sexes were 65.89 mm and 30.17 mm, respectively (Table 4). The data 
obtained from this study were compared with those from previous studies 
as summarised in Table 6. It is well documented that morphometric 
variations are often observed in measurements taken within any 
population group and that the variation could be more significant 
between different groups. Although the reasons for these variations have 
not been validated, it has been suggested that differences in measuring 
methods, sexes, age and stature could be contributing factors.

It was, however, not surprising to find that the measurements of the 
patella, patellar ligament and articular facets were higher in the male 
cadavers than in the female cadavers. This finding is an indication that 
the patella, the patellar ligament and the width of articular facets are 
sexually dimorphic. Previously, Bidmos et al.23, in a study on 120 dried 
normal and undamaged patellae of South Africans of European ancestry 
which were obtained from an osteological collection, reported that the 
maximum height and maximum width of the patella can be used in 
correct sex classification with an average accuracy of 85% and 79%, 
respectively. Their results are similar to those of a study conducted in 
Iran24 in which a higher average accuracy was obtained for the maximum 
height (89%) and maximum width (91%).

In the present study, there was no significant difference in the dimensions 
of all the measurements of the patella, the patellar ligament and the 
articular facets when the measurements taken on both the right and left 
knees were compared, except in the case of patella thickness and patella 
width. Even though we do not have an explanation for the variation in 
the measurements taken on both knees for the patella thickness and 
patella width, we hypothesise that the predominant use of one limb 
could produce better muscle tone on one side, which could possibly 
have a direct effect on the shape of the sesamoid bone (patella) within 
its tendon (quadriceps femoris). Posture and physique could also be 
contributing factors, but the exact contributions of these factors could 
not be ascertained in this study.

There is a moderate to strong correlation between paired measurements 
of the patella in the current study. In addition, the correlation observed 
in the right knee was stronger than that in the left knee when the 
thickness and the width of the patellae were compared. This observation 
is in agreement with the results of Iranpour et al.9 in which a strong 
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Table 5: Correlation coefficient between measurements of the patella and patellar ligament

Measurement Correlation

Patella height Patella thickness 
(left)

Patella thickness 
(right)

Patella weight Patellar ligament 
height

Patellar ligament 
width (left)

Patellar ligament 
width (right)

Patella height 1.00      

Patella thickness (left) 0.71 1.00     

Patella thickness (right) 0.77 – 1.00    

Patella weight 0.84 0.70 0.81 1.00   

Patellar ligament height 0.53 0.47 0.54 0.55 1.00  

Patellar ligament width (left) 0.59 0.50 – 0.72 0.46 1.00

Patellar ligament width (right) 0.68 – 0.68 0.78 0.52 – 1.00

Table 6: Summary of studies which report patella dimensions 

Study Samples and subjects Patella height Patella weight Patella thickness

Mean 
(mm)

Standard 
deviation

Mean 
(mm)

Standard 
deviation

Mean 
(mm)

Standard  
deviation

Yoo et al.4 Magnetic resonance imaging measurements of 163 adults 
(mean age = 26.7) (Seoul, South Korea)

44.6 3.7 45.8 3.6 22.3 1.9

Schlenzka and 
Schwesinger5

50 fresh human adult (mean age = 63) cadaveric patellae 
(Helsinki, Finland)

54.4 3.5 50.3 4.0  

Iranpour et al.9 3D-reconstructed computed tomographic scans from 37 adults 
(mean age = 62.5) (London, UK)

34.3 4.8 44.8 4.8 22.4 2.3

Baldwin and 
House19

92 adult (mean age = 69) patellae during total knee arthroplasty 
(Oregon, USA)

  46.1  22.6

Present study 46 adult (mean age = 75) cadaveric patellae (South Africa) 43.7 3.6 45.1 3.9 23.9 2.1
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correlation was reported between the thickness and width of the 
patella (R=0.89). The width of the patella has been suggested to be 
a dependable factor for predicting the normal size of patella thickness, 
as well as for helping surgeons to decide on the thickness of the patella 
prosthesis during arthroplasty.9 Although certain factors such as height, 
weight and ancestry4,15,25 could also be used to predict the normal size 
of patella thickness.

The patella thickness to width ratio is also a reliable predictive factor as 
long as there is no damage to the median ridge on the articular surface.9 
The observed strong positive correlation between the patella height and 
the patella width in this study supports the findings of Koyuncu et al.15, 
in which a linear relationship was demonstrated between the length and 
width of the patella throughout gestational age. However, the correlation 
between the height of the patellar ligament and the height of the patella, 
in the present study, was moderate.

While several studies have used the Insall–Salvati ratio (which ranges 
between 1 and 1.3) to determine the resting position of the patella,5,7,15 
an attempt was made in this study to also calculate the ratio. The Insall–
Salvati ratio obtained for female specimens was 1.53 and that for male 
specimens was 1.49 – both greater than 1.3, which indicates that the 
patellae of South Africans of European ancestry are positioned high 
(patella alta) in the patellofemoral joint. While it is well documented that 
a significant variation exists in the positions of patella among different 
population groups (including Europeans, Arabs, Africans and Chinese), 
patella alta has been found to be more common amongst non-European 
population groups.7 The Insall–Salvati ratios obtained from the sample 
used in the present study are relatively high and are not in agreement 
with findings from other studies.5,7,15 However, the higher value obtained 
for female individuals compared with male individuals is in agreement 
with the findings of Norman et al.26 and Koyuncu et al.15 

Apart from the classification of the patella based on its relative position, 
patellae can also be classified based on the dimensions of the articular 
facets. In the present study, it was found that the Type B patella was the 
most prevalent, which is in support of previous observations by Reider 
et al.2, Fucentese et al.14 and Koyuncu et al.15 Fucentese et al.14 found 
Type B to be the most prevalent while Type C was the least prevalent.

In conclusion, we suggest that measurements of fresh cadavers or of 
living subjects during knee surgery be used to eliminate the uncertainty 
of tissue shrinkage associated with embalmed cadavers. However, the 
ability to integrate measurements from the cadaveric method and the 
availability of embalmed specimens are advantages over fresh cadavers 
or living subjects. A significant difference in the measurements of the 
PT and the PLW between the left and right knees is an indication that 
one side of the body is not a direct mirror image of the other side. 
Further investigations should be done to determine if the dominant use 
of a limb could be a contributing factor to these variations. Furthermore, 
the findings of this study indicate that the dimensions of the patella, 
the patellar ligament and the widths of the articular facets are sexually 
dimorphic. The prevalence of the Type B patella in South Africans of 
European ancestry is similar to that of other population groups reported 
in the literature. The morphometric data presented in this study is 
beneficial for local anthropological records as well as clinically to assist 
local orthopedic surgeons in procedures involving the knee, such as 
in the design of patella implants. It is thus recommended that similar 
studies should be performed on other population groups in South Africa.
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