
IAR Publishing                                                                                                                              Journal of Bioanthropology 

Volume 1, 2021. p. 81-92                                                                                                                           ISSN 2787-8201; UDK 572:902    

https://doi.org/10.54062/jb.1.1.6 

A case of bipartite patella and vastus notch from Kneževići hillfort - Malo Libinje, 

Croatia 

Barbara Kriletić1*, Morana Vuković2 & Mario Carić3 
1No institutional affiliation, Zagreb, Croatia, krileticbarbara@gmail.com  

2Archaeological Museum Zadar, Croatia, mvukovic@amzd.hr 

3Centre for Applied Bioanthropology, Institute for Anthropological Research, Zagreb, Croatia, mario.caric@inantro.hr  

* Corresponding author: krileticbarbara@gmail.com  

 

Received July 13th, 2021 

Accepted for publication December 6th, 2021  

Online First December 6th, 2021 

Keywords: Concave defects, bipartite patella, vastus notch, skeletal remains, Late Iron Age, bioarchaeology. 

 

Introduction 

 Bipartite patella is a congenital condition caused by 

incomplete ossification of the bone. The condition 

usually remains asymptomatic and is most commonly 

diagnosed as an accidental finding (Okuno et al., 2004). 

First reported case of bipartite patella, discovered 

during an autopsy, was noted by Gruber (1883). Since 

then, more cases have been described in clinical as well 

as bioarchaeological literature (Wright, 1903; Adams & 

Leonard, 1925; Paal, 1932; Blumensaat, 1933; George, 

1935; Stuke, 1950; Shulman, 1955; Resnick & 

Niwayama, 1981; Tachdjian, 1990; Silverman & Kuhn, 

1993; Duthie & Bentley, 1996). In 1921, Saupe provided 

the first classification of bipartite patella, dividing it in 

three types according to the location of the secondary 

ossification center (Saupe, 1921). Type I involves the 

inferior pole of the bone with relative prevalence of 5%; 

type II (20%) involves the lateral side and has 

longitudinal expression; type III (75%) involves 

superolateral portion (Mesina & Sineo, 2007). Most 

recently, a new classification of bipartite patella was 

proposed by Oohashi and colleagues (2010), based on 

both location and number of fragments. They excluded 

inferior pole from the classification and included two 

more subtypes based on more than two fragments (the 

so-called ‘tripartite patella’). In general, the condition is 

nine times more common in males than in females (Rich 

et al., 2005); however, different studies recorded 

different male/female ratios ranging from 2.1:1 to 4.3:1 

(Weaver, 1977; Ogata, 1994; Kavanaugh et al., 2005; 

Oohashi et al., 2010; O’Brien et al., 2011). Bipartite 

patella occurs bilaterally in about 43% of cases (Green, 

1975). 

Bipartite patella is profoundly similar and thus 

frequently confused with a defect called vastus notch. 

Continued contraction associated with the flexion of 
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the knee induces impression on the superolateral side 

of the patella, referred to as a vastus notch (Messeri, 

1961). Two conditions are macroscopically similar yet 

occur by a different cause. A presence of a depression 

in the upper portion on the outer margin of the ancient 

Egyptian’s patella was first mentioned by Kempson 

(1902) who stated that this was a common variation of 

the patella. Oetteking (1922) also examined a patella 

(no. 697 from Chihuahua, Mexico) with a deep 

superolateral notch, which he compared to Kempson's 

finding. Messeri (1961) recorded high frequency of this 

marker in Neolithic populations from northern Italy, 

and suggested that this was due to continuous tension 

of the vastus lateralis muscle associated with squatting 

and/or kneeling. Since then, the condition is known as 

the vastus notch. Afterwards, vastus notch was 

mentioned and described by several authors (e.g. Mann 

& Murphy, 1999; Anderson, 2002; Inskip, 2013; 

Molleson, 2016; Bedić, 2017). There is a lack of 

evidence of the most probable cause of bipartite patella 

and vastus notch, especially if the conditions have a 

genetic component, but future studies may elucidate 

this matter further. 

Bipartite patella and vastus notch are not common 

findings in archaeological populations (Baudounin, 

1935; Wells, 1981; Zammit, 1983). A few cases with a 

Figure 1. Map of Croatia with Kneževići hillfort - Malo Libinje site. 
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small prevalence of the conditions have been reported 

(e.g. Anderson, 1963; Finnegan, 1978; Mullen & Hoppa, 

1992; Anderson, 2002; Kjellstrom, 2004; Messina & 

Sineo, 2007; L’Abbé et al., 2008; Stephan & Gill, 2016; 

Rios et al., 2018), without further examination through 

radiographs. Bilateral knee radiographs were acquired 

only on modern population to investigate the 

prevalence of two conditions, symptoms and 

treatments, if possible (Kose et al., 2015; Sim et al., 

2016). 

Among the skeletal remains, six adult patellae with 

superolateral concave defect were unearthed during 

the excavations of Kneževići hillfort - Malo Libinje site in 

2020; a highly uncommon occurrence in terms of 

prevalence in such a small sample. The aim of this study 

is a detailed presentation of cases recorded in Malo 

Libinje and comparison with similar ones from both 

archaeological and clinical contexts. In addition, the 

differential diagnosis will try to identify if these 

conditions indeed represent bipartite patella and vastus 

notch or some other pathological lesions, and what the 

potential causes of these conditions are. 

Materials and methods 

 An Iron Age settlement surrounded by a rampart 

and a necropolis chronologically ascribed to the 6th 

century BCE (Glavičić, 1984) on the south slope, 

Kneževići hillfort is located next to Malo Libinje field in 

South Velebit Mountain in Zadar County, Croatia (Figure 

1). At the beginning of the 20th century, a single grave 

was excavated at the bottom of the hillfort. Further 

excavations were not conducted until the 1980s, when 

another grave was unearthed near the first. 

Archaeologists also discovered a few tumuli nearby the 

hillfort, as well as on the field nearby on the East, Gornje 

polje (Glavičić, 1982, 1982a, 1984). Systematic research 

began in 2018 and was conducted by the Archaeological 

Museum in Zadar. The osteological finds were found in 

four burials; in the revision excavations of two burials 

(G1 and G2) and in newfound graves (G3 and T1G1). 

Three graves were unearthed in the necropolis 

Figure 2. The grave in the tumulus; a burial in a rectangular stone chest. 
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underneath the hillfort and one in the newfound 

tumulus on the East side near the hillfort. Grave 1 (G1) 

was a burial in a rectangular stone chest, while Graves 

2 and 3 (G2 and G3) were constructed out of 

amorphous stone. The grave in the tumulus (T1G1) was 

also a burial in a rectangular stone chest (Figure 2). All 

burials except G2 contained the remains of several 

individuals. The remains in the graves were randomly 

assembled, overlying one another. The archaeological 

context suggests that burials in G1, G3 and tumulus 

grave could represent family tombs.   

The skeletal remains presented in this paper were 

analyzed at the Laboratory for Evolutionary 

Anthropology and Bioarchaeology of the Institute for 

Anthropological Research in Zagreb. Since the human 

remains from Malo Libinje were commingled and highly 

fragmented, it was not possible to analyze individual 

skeletons. Therefore, a minimum number of individuals 

(MNI) was established by using the methodology 

described in the volume edited by Osterholtz and 

colleagues (2014).  

In this study, sex estimation was conducted using the 

discriminant analysis of patella measurements due to 

heavy fragmentation of skeletal remains, with 

approximately 60-80% accuracy (Indra et al., 2021). 

Following the protocol of Dayal and Bidmos (2005), six 

variables from the patella were recorded using a 

standard sliding caliper. The patellae measurements 

from the Malo Libinje individuals were also compared 

with other, morphologically most similar populations: 

contemporary Spanish population (Peckmann et al., 

2016), Southern Italians (Introna Jr. et al., 1998), and 

Medieval Germans (Kemkes - Grottenthaler, 2005).  

Age-at-death was possible to establish only for 

subadults based on the development and formation of 

deciduous and permanent teeth and the degree of bone 

ossification (Fazekas & Kósa, 1978; Scheuer & Black, 

2000). Subadult individuals were categorized into three 

groups: newborns, infants, and small children (0-5 

years); older children (6-11 years) and adolescents (12-

18 years). Due to heavy fragmentation and weathering 

the precise age-at-death for the adults could not be 

established. Therefore, all adults were pooled into one 

group. All bones were comprehensively examined for 

pathological conditions, according to Ortner’s (2003) 

and Aufderheide & Rodriguez-Martin’s (1998) 

identification of pathologies.  

Results 

The MNI in the Kneževići - Malo Libinje assemblage is 

28 (19 adults and nine subadults). G1 contained the 

remains of at least eight adults and four subadults. G2 

contained the remains of a very fragmented and poorly 

preserved skeleton of an adult individual. In G3, the 

remains of at least five adults and one subadult were 

interred. And finally, the MNI in the grave from the 

tumulus was concluded to be nine. The discriminant 

Figure 3. Patella A with vastus notch, anterior (A) and posterior view (B). 
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analysis of patella measurements from Malo Libinje 

indicates that three most probably belonged to females 

(patellae A, C, and D) and three to males (patellae B, E, 

and F).  

As far as pathological conditions are concerned, the 

following were observed: porotic hyperostosis, cribra 

orbitalia, osteomas, blunt and sharp force traumas, 

abscesses, caries, Schmorl's nodes, degenerative 

osteoarthritis, vastus notch, and bipartite patella. 

However, these conditions, apart from vastus notch and 

bipartite patella, will be described and comprehensively 

discussed in a separate study.   

Six out of nine patellae available for the analysis 

displayed an incomplete ossification on the 

superolateral side of the bone. In G1, there were two 

patellae belonging to two adult individuals; one smaller, 

left patella (Patella A), very fragmented on the posterior 

side of the bone, and one larger, right patella (Patella 

B), which was well preserved. Patella A shows mild 

tendon ossification on the anterior surface - a feature 

Figure 4. Patella B with vastus notch, anterior (A) and posterior view (B). 

Figure 5. The pair of patellae; patella C with vastus notch and bipartite patella D. 
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typically recorded as an activity marker - while its 

superolateral side shows indications of a concave 

defect with smooth edges (Figure 3). Patella B shows 

more severe tendon ossification than Patella A (Figure 

4). The concave defect on superolateral side is also 

more accentuated, especially on the posterior end, but 

the edges retain their smoothness.  

In G3, there were four patellae with concave defects, 

two left and two right, belonging to three adults. Two 

patellae from the group (Patellae C and D) seem to be a 

pair since they are identical and slightly smaller in size 

than the other two (Patellae E and F). The left patella 

from the pair (Patella C) shows moderate concave 

defect on the superolateral side with smooth edges 

(Figure 5). The right patella (Patella D) shows 

substantial concave defect on the superolateral side - 

the borders of the defect are porous and thick, different 

from the other patellae from Malo Libinje (Figure 6). 

Both patellae are well preserved and show mild tendon 

Figure 6. Bipartite patella D, anterior (A) and posterior view (B). 

Figure 7. Patella E with vastus notch, anterior (A) and posterior view (B). 
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ossification on the anterior surface. The other, larger, 

right patella (Patella E), is well preserved with slight 

porosity on the superior and inferior sides and 

moderate tendon ossification on the anterior surface - 

the concave defect is located on the superolateral side; 

the edges are smooth with porous, accentuated tip on 

the posterior end (Figure 7). The cortex of the last, left 

patella (Patella F) is badly preserved and there is visible 

tendon ossification on the anterior surface (Figure 8). 

On the superolateral side, the concave defect is 

accentuated, with pronounced osteophytosis on the 

posterior end.  

Discussion and Conclusion 

Discussion 

In this study, two physically similar but etiologically 

distinct conditions were recognized. Six patellae from 

Malo Libinje display superolateral concave defects, a 

relatively rare finding in archaeological populations 

(Messina & Sineo, 2007). These defects were diagnosed 

as bipartite patella and vastus notch. 

Patella D has a porous, roughed-edged lesion known as 

bipartite patella. It is a condition where patella is 

composed of two separate bones. Based on the location 

of the secondary ossification center, it is possible to 

diagnose Patella D as bipartite patella type III (Saupe, 

1921). Secondary ossification centers of the patella 

appear around twelve years of age (Ogden, 1984), and 

if they later fail to merge, a bipartite patella develops. 

Separate ossicle may stay detached or can fuse 

incompletely (Green, 1975). In Patella D’s case from 

Malo Libinje, the ossicle is detached and is not present, 

as it often occurs in skeletal assemblages. Some authors 

suggest mechanical stress (Oetteking, 1922) or 

repeated microtrauma (Todd & McCally, 1921; Green, 

1975) as possible causes. Usually, bipartite patella is 

considered asymptomatic (Atesok et al., 2008). In some 

cases, it is a source of persistent pain and can even 

cause complete disability in the knee (Messina & Sineo, 

2007). In treatment of painful patella, the most 

common surgical approach is excision of distressing 

fragment (Weckström et al., 2008). 

The oldest known example of bipartite patella dates 

back to 49,000 years ago to the Neandertals from El 

Sidrón cave (Spain) where a small, probably left 

tripartite patella with separate ossification center 

located inferiorly was recovered (Rios et al., 2019). 

Since bipartite patella with separate ossification center 

located superolaterally is the most common 

morphological variant, such a condition is even rarer. 

Another example of bipartite patella from 

archaeological context was recorded at the 

Palaeochristian necropolis of San Giovanni in Marsala, 

Sicily (Messina & Sineo, 2007). This left patella shows 

lack of ossification on the lateral side, which can be 

diagnosed as bipartite patella type II (Saupe, 1921). 

Furthermore, a bipartite patella was discovered in a 

skeleton of a 13-15 years old juvenile from the 

Figure 8. Patella F with vastus notch, anterior (A) and posterior view (B). 
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cemetery associated with Franciscan friary at St. Faith's 

Lane in Norwich, England dated between the 13th and 

16th century CE (Anderson, 2002). In this case the 

fracture line is clearly visible on the right patella and the 

resultant ossicle is fused incompletely (Anderson, 

2002). The bipartition of the patellae of two skeletons 

from Pilanesberg National Park, South Africa dated to 

the Late Iron Age (ca 1300 to 1820/1830 CE) show that 

this condition can also occur bilaterally (L'Abbé et al., 

2008). And finally, Anderson (1963) recorded very high 

prevalence (8%) of bipartite patella in a Canadian 

Iroquois ossuary dating back to 1400 CE.  

In modern populations, bipartite patella is usually 

discovered through knee radiographs. One of the 

studies involved analysis of the radiographs in Turkish 

patients in order to determine the prevalence of 

bipartite patella and analyze the differences between 

sex and laterality (Kose et al., 2015) concluded that 

there is a prevalence of around 1% of the condition 

being more frequently found in males, and mostly on 

the superolateral side. A similar study was conducted 

using magnetic resonance imaging (MRI) to determine 

the prevalence of bipartite patella and perform analysis 

of this rare condition (Akdag et al., 2019). This study 

confirmed that the condition occurs mainly in males 

and more frequently on the superolateral side, and that 

the overall prevalence is found to be 0.8% (Akdag et al., 

2019). However, true prevalence of bipartite patella is 

still uncertain. Different authors reported different 

data: Green (1975) states that the prevalence of the 

condition is 0.2-6.0% while others say it may affect 1-

3% of a population (Todd & McCally, 1921; Adams & 

Leonard, 1925; Tachdjian, 1990; Aufderheide & 

Rodriguez-Martin, 1998). There is a wide variation in 

prevalence in different ethnic groups, and sometimes 

high percentage can be the result of close kinship (Kose 

et al., 2015). Since the condition is mostly 

asymptomatic and a rare find in archaeological 

excavations, it is no surprise that a true prevalence can 

be difficult to determine. 

Five other patellae from Malo Libinje show a condition 

called the vastus notch. This anatomical variant occurs 

due to continuous contraction of the vastus lateralis 

muscle of the femoral quadriceps (Capasso et al., 1999). 

It is associated with chronic knee flexion, i.e. squatting. 

Vastus notch appears as a slight or a deep concavity, 

frequently with the processus spinosus located at the 

inferior margin of the notch which marks the lower limit 

of the tendon (Oetteking, 1922). It is commonly 

mistaken for bipartite patella because it also occurs on 

superolateral side of the bone. The two conditions can 

be distinguished due to fact that vastus notch is 

smooth-edged (Mann & Murphy, 1990) as opposed to 

the porous surface with visible trabecular bone on 

bipartite patella. A separate ossicle can only occur if the 

patella is bipartite, detached or incompletely fused, and 

never associated with vastus notch. The pair of patellae 

(C and D) from G3 are especially interesting since the 

left one exhibits a vastus notch while the right one is 

bipartite.  

According to the available bioarchaeological literature, 

vastus notch occurs a bit more frequent than bipartite 

patella. In Croatia it was recorded at several sites: the 

earliest example was observed on the right patella of an 

adult male from the Late Bronze Age cremation 

cemetery of Poljana Križevačka 2, dated to the 13th 

century BCE (Premužić, 2016); the second case was 

recorded again on the right patella of an adult male, this 

time in Glagoljaška Street in Zadar, dated to the Late 

Roman Period (Bedić, 2017). Another case was 

registered at the Sokol fortress in Konavle, dated to the 

Late Antiquity (6th century CE) (Topić et al., 2019). And 

finally, two cases were observed on the left patella of 

an adult male and the right patella of an adult female 

from Pakoštane - Maksanova gomila site, dated 

between the Late Middle Ages and the Early Modern 

Period (15th-16th century CE) (Šućur et al., 2020).  

Opposite to bipartite patella, vastus notch occurs 

mostly due to repetitive activity. It is associated with 

chronic and consistent kneeling and squatting (Capasso 

et al., 1999). There are but few studies focusing on this 

lesion occurring in archaeological populations. For 

example, in a study of human skeletal remains from the 

early Neolithic settlement (10500-8400 BP) of Nemrik in 

Tigris Valley Molleson (2006) recorded the occurrence 

of small vastus notch in patellae of three individuals 

suggesting that the squatting on the heels could be a 

resting position, although the condition could also be 

induced by sartorial position. Furthermore, a small 

patella of a young female from the Neolithic settlement 
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of Abu Hureyra in Syria displays vastus notch on the 

superolateral border suggesting that she as well as the 

other women from the group may have squatted in the 

‘hocker’ position to carry out the certain tasks 

(Molleson, 2016). And finally, the study of various 

Islamic period skeletal assemblages from Medieval 

Iberia Habitual indicates that the adoption of praying 

resulted in patella alterations and development of 

vastus notch (Inskip, 2013).  

Prehistoric people cultivated a whole range of domestic 

cereals which required mechanical preparation before 

they could be eaten. The preparation of grain such as 

grinding and dehusking was the most demanding and 

labor-intensive activity, and it usually took much time. 

Since the seed could not be kept once dehusked, the 

grain had to be pounded every day (Molleson, 2006). 

Repetitive activity of kneeling while grinding could have 

led towards chronic knee injuries. Frequent habitual 

activities of kneeling and/or squatting due to cereal 

preparation were surely practiced by prehistoric 

inhabitants of Kneževići - Malo Libinje and these could 

have resulted in high prevalence of vastus notch 

observed in this skeletal assemblage.  

Today, few distinct defects associated with patella are 

acknowledged, some of which might be mistaken for 

bipartite patella and/or vastus notch (Figure 9). In 

example, dorsal defect of the patella presents a 

cavitation or a depression on the posterior (dorsal) 

surface of the bone (Owsley & Mann, 1990) which 

distinguishes the condition from vastus notch and 

bipartite patella, since the latter two only occur on the 

superolateral side. It is a concave, round-shaped defect 

and appears to be self-limiting (Resnick & Niwayama, 

1981). Dorsal defect can occur in a conjunction with 

bipartite patella, or as a separate anomaly (Todd & 

McCally, 1921). Another rather rare condition is called 

a double patella. The term is used for the condition in 

which the bone is divided into a superior portion and an 

inferior portion, which usually overlap (Anderson, 

2002). The superior portion is usually larger and can 

occasionally completely overlap the smaller element, 

resulting in anterior and the posterior patella 

(Brailsford, 1945). Most commonly, double patella 

occurs as a part of genetic condition termed multiple 

epiphyseal dysplasia (Silverman et al., 1993; Sutton, 

1998). Lastly, a separate ossicle can be located on the 

medial border of the patella (Halpren & Oakley, 1978), 

appearing to represent an unfused additional 

ossification center. This, however, is not consistent with 

Saupe’s (1921) classification of bipartite patella and 

therefore should be observed as a distinct condition. As 

far as traumas are concerned, injury almost invariably 

occurs unilaterally, whilst an anatomical condition 

would more frequently be bilateral (Anderson, 2002). 

When both patellae are available for examination, it is 

easier to distinguish a trauma from bipartite patella or 

vastus notch; when not, defect should be examined for 

a new bone overgrowth or callus formation that is 

expected with a healing fracture (Anderson, 2002). 

Figure 9. Defects mistaken for bipartite patella and/or vastus notch; schematics. 
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Based on the provided differential diagnosis, the most 

probable explanation for the studied conditions 

observed in the patellae from Malo Libinje is bipartite 

patella and vastus notch. 

Conclusion 

This study presents the first documented case of joint 

occurrence of bipartite patella and vastus notch in a 

Croatian skeletal assemblage, but also the largest 

amount of patellae with vastus notch in an 

archaeological population from Croatia recorded so far. 

Conditions associated with patella are sparse in general, 

so the fact that two similar and at the same time 

etiologically distinct patellar lesions were recorded at 

the same archaeological site is rather intriguing. Even 

rarer find is vastus notch defect observed on the left 

patella belonging to an adult whose right patella 

exhibits bipartition at the same time. High prevalence 

of vastus notch in Kneževići - Malo Libinje assemblage 

may indicate that these individuals regularly performed 

activities involving kneeling and/or squatting, possibly 

associated with some type of manual labor (e.g. cereal 

grinding and dehusking). In any case, the presented 

research contributes to the study of these conditions in 

ancient populations, but also provides a broader insight 

into the lives of the prehistoric inhabitants of the 

Velebit Mountain region.  
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