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Abstract  
Legg-Calvé-Perthes is a very rare disease involving childhood osteochondrosis of 

the femoral head due to interruption of its blood supply. The etiology is unknown. 

The signs of the pathology are well described in the literature but few 

paleopathological cases have been reported, mostly dating from Late Antiquity to 

Early Middle Ages. Here we report on morphometric and radiological analyses of a 

skeleton from the Etruscan necropolis of Spina (Ferrara, Italy, 6th-3rd century BCE), 

to our knowledge the most ancient case of Legg-Calvé-Perthes  Disesase published 

thus far. 

Introduction  
The occurrence of Legg-Calvé-Perthes Disease in antiquity is poorly documented. 

During recent decades, palaeopathology has become more interdisciplinary, 

particularly in its technical aspects (Évinger et al., 2011). Thus, radiological and 

computed tomography (CT) investigations can aid in making reliable diagnoses of 

bone pathologies.  

The present study involves a palaeopathological examination of human skeletal 

remains from the important Etruscan site of Spina in northern Italy. The lack of 

health and biological data for the  



Etruscans of this site contrasts starkly with the rich literature on Etruscan 

archaeological findings (Berti and Guzzo, 1993; Berti et al., 2004; Muggia, 2004). 

Spina was an Iron Age village in the present-day province of Ferrara in Italy. 

Founded by the Etruscans at the end of the 6th century BCE in a strategic area where 

the Po River entered the upper Adriatic Sea, it was used as an emporium for 

commercial trade with the Greeks untill the end of the 3rd century BCE. The site was 

discovered at the beginning of the last century and excavated in several phases from 

1922 to 1965, yielding more than 4000 graves (both inhumations and cremations): 

the extraordinary amount of fine Greek pottery recovered represents the symposium 

kit that would accompany the deceased into the afterlife (Berti and Guzzo, 1993; 

Guzzo, 2003).   

This palaeopathological study contributes to the knowledge of the health of 

Etruscans, since very few anthropological studies on the Spina Etruscans have been 

published (Masotti et al., 2013; Manzon et al., 2014; Manzon and Gualdi-Russo, 

2015). The pathology, diagnosed by means of different approaches (anthropological, 

radiological and computed tomography [CT]), is LeggCalvé-Perthes disease (LCPD). 

It involves childhood osteochondrosis of the femoral head caused by interruption of 

its blood flow, leading to extensive avascular necrosis of the subchondral bone 

(Smrcka et al., 2009). The etiology of the initial ischemic episode that interrupts 

normal vascularization is unknown, although some authors have suggested a 

traumatic origin (Herrerín and Gallarda, 2012; Ortner, 2003). Because of the 

interrupted blood flow, bone resorption in the subchondral area is greater than 

deposition; the femoral head becomes biomechanically weak and fragmentation or 

pathological fracture can take place (Salter, 1999). After some time,  

revascularization can take place in the whole area leading to “progressive 

substitution” of avascular bone and remodeling  (Chaudhry et al., 2014; Herrerín and 

Gallarda, 2012). During the remodeling process the femoral head becomes flattened 

into a mushroom shape because of the forces acting upon it and the lack of 

endochondral growth. The bone density of the femoral head usually returns to 



normal. Generally, there is no significant dislocation of the center of the head with 

respect to the neck. The acetabulum is often deformed, flattened and broadened, and 

is affected by osteoarthritis.   

LCPD occurs unilaterally in 90% of cases (Ortner, 2003). It usually begins early, 

between the ages of 2 and 14 years, and boys are more commonly affected than girls 

(about 5 times more often). No familial or hereditary factors have been associated 

with the pathology, even though it seems to be 1-20% more frequent in the families 

of affected children (Herrerín and Gallarda, 2012) and uncommon in some ethnic 

groups but particularly affecting some Asian and European groups (Chaudhry et al., 

2014; Ortner, 2003).   

This paper focuses on one individual out of the more than 300 Etruscans from 

Spina (Ferrara, Italy, 6th-3rd century BCE) and describes the osteological characters 

used for an unambiguous diagnosis of the pathology. As LCPD is a very uncommon 

disease (estimated prevalence in the general pediatric population 1 per 740 boys and 

1 in 3700 girls according to Zhang et al., 2011), very few cases have been 

documented in ancient populations (Herrerín and Gallarda, 2012; Ortner,  

2003; Smrcka et al., 2009). This Etruscan individual likely represents the most 
ancient case of  

LCPD published up today in the world.  

  

Materials and methods    
The skeleton is from the individual buried in grave 92D of Valle Pega (the 

funerary area of Spina was traditionally divided into Valle Trebba and Valle Pega). 

The general preservation is quite poor, with post-mortem damage. Of the skull, only 

the parietals are completely preserved, while the occipital bone, the right temporal 

with mastoid process and the mandible with P2 and M1 are preserved in fragments. 

Only the 1st, 3rd and 4th cervical, 2nd thoracic, 4th and 5th lumbar and 1st sacral 

vertebrae are preserved in fragments. The appendicular skeleton is represented by a 

fragment of the right scapula preserving the glenoid fossa, the left clavicle lacking 



the sternal end, both humeri, radii and ulnae with fragmented epiphyses, the capitate 

and first phalanx of the 3rd digit of the right hand, two left metacarpals, pelvic 

fragments (right os coxae preserving only the acetabulum and left coxal preserving 

the acetabulum and pubic symphyseal surface), both fragmented femora, both tibiae 

with fragmented epiphyses, a diaphyseal fragment of the left fibula, both tali and the 

left navicular.   

Sex was determined by means of standard morphological (Acsádi and Nemeskéri, 
1970;  

Ferembach et al., 1980) and metric criteria (Bass, 1995; Cattaneo and Grandi, 2004; 
Demoulin,  

1972; France, 1998; Gualdi-Russo, 2007; Krogman and İşçan, 1986; Mac Laughlin 
and Oldane,  

1992; Rühli et al., 2006). Age at death was estimated by means of ectocranial suture 

closure (Meindl and Lovejoy, 1985), dental wear (Brothwell, 1981; Lovejoy, 1985) 

and pubic symphysis modifications (Burns, 1999; Brooks and Suchey, 1990). Stature 

was estimated following Trotter and Gleser (1952, 1958) on the left radius (the only 

completely preserved long bone) using a Broca osteometric board.  

The skeleton showed pathological lesions on the left hip, involving both the 

femoral head and acetabulum  (Fig. 1). The lesions were analyzed morphologically, 

metrically, radiologically and by CT. The macroscopic morphological analysis was 

based on the specific palaeopathological literature (Smrcka et al., 2009; Herrerín and 

Gallarda, 2012; Ortner, 2003). Several metric traits were recorded on both femora 

with a non-stretchable tape (circumferences) and a sliding caliper (longitudinal and 

transverse diameters) following Martin and Saller (1957) and Wilder (1920). The 

femoral collo-diaphyseal angle was measured with a digital osteogoniometer 

(Gualdi-Russo and Russo, 1995).  

The femora and pelvic bones were first examined anthropologically and then with 

a conventional X-ray tube (Multix Top, Siemens, Germany) and receiver (DRX-1C 

System Detector, Carestream Health, US). Radiographs of both femora separately 

and the femora together with acetabula were taken in anterior-posterior (AP) and 



posterior-anterior (PA) projections using suitable exposure parameters (50 kV and 22 

mAs). CT images were obtained using multi-planar reconstruction  (Light Speed 

VCT CT system, General Electric, US). The X-ray and CT images were stored in 

digital format on a compact disc.  

  

Results  
The estimated age at death of the individual buried in grave 92D is between 40 

and 50 years. The poor preservation of the skeleton meant that the sex determination 

based on morphological criteria (especially inion, nuchal crests, supra-mastoid crest, 

greater sciatic notch) was quite difficult. However, it indicated, with some 

uncertainty, a male individual. This result was confirmed by sex identification based 

on metric criteria, in particular of the upper extremities, talus and calcaneus (Bass, 

1995; Cattaneo and Grandi, 2004; France, 1998; Gualdi-Russo, 2007), whereas the 

femoral and tibial measures were partly compatible with a female individual (France, 

1998). This is especially true for the diaphyses, while the femoral head diameters 

were uncertain for the right side (Table 1), although these findings were probably 

influenced by the lesions on the lower extremities described below.   

  



Table 1. Measurements and indices of the femora. 

  

The estimated stature is 1609 ± 43 mm according to Trotter and Gleser (1952, 
1958).  
This individual had osseous changes in the left hip involving the femoral head and 

acetabulum which appear to be the result of a pathological condition (Fig. 1).  

Conversely, no pathological alteration is present on the right hip (Fig. 2). The left 

femoral head is mushroom-shaped, flattened superior-posteriorly and larger than that 

of the right femur  (Table 1, Fig. 2). Both femora have an underdeveloped linea 

aspera and a low pilastric index (weak pilaster); they are also platymeric (74.9 and 

Osteometry Left Side Right Side

Metric traits

Circumference at midshaft (mm) 85.0 83.0

Anteroposterior diameter at midshaft (6) 
(mm)

27.4 27.0

Mediolateral diameter at midshaft (7) (mm) 26.0 25.8

Subtrochanteric mediolateral diameter (9) 
(mm)

33.0 33.5

Subtrochanteric anteroposterior diameter 
(10) (mm)

24.7 22.5

Length of the head & neck (mm) 62.0 69.8

Vertical diameter of the neck (mm) 36.5 38.5

Transverse diameter of the neck (mm) 30.4 32.7

Vertical diameter of the head (18) (mm) 54.1 46.1

Transverse diameter of the head (mm) 49.4 44.3

Medio-lateral diameter of the head (mm) 29.0 30.1

Collo-diaphyseal angle (°) 117.6 126.3

Indices Categories Categories

Platymeric index (10/9) 74.9 platymer 67.3 platymer

Pilasteric index (6/7) 105.2 weak pilaster 104.8 weak pilaster



67.3 respectively) (Table 1) and present a Poirier’s facet (Angel, 1960, 1964; 

Kostick, 1963). The apparently lesser length of the left femoral neck (Table 1) is 

mostly due to the posterior flattening of the head. 

 

Fig. 1 Bones of left hip of individual 92 D from Spina necropolis showing 
pathological alteration involving both the proximal epiphysis of the femur and 
acetabulum. 

No downward displacement of the left femoral head is present even if the greater 

trochanter is higher than the center of the femoral head because of the latter’s 

superior-posterior flattening. The left femoral head has an underdeveloped fovea  



Fig. 2. Comparison between bones of both the left and right hip of the analysed 
individual. It ispossible to appreciate that the pathology is uni-lateral and 
involves only the left hip. 

capitis (the insertion of the ligamentum capitis femoris) and shows some porosity 

and exostosis on the articular surface. However, there is no evidence of severe 

osteoarthritis (Rogers and Waldron, 1995). The left acetabulum is markedly flattened 

in comparison to the right  (Fig. 2) and shows an osseous border and some foci of 

erosion on the articular surface (Fig. 3). Unfortunately, both coxals are only partially 

preserved and the acetabula are not complete, preventing comparison of their 

diameters. No evidence of an accessory acetabulum is present in the fragmentary 

coxal bone. The collo-diaphyseal angle is above 120° on the right and below 120° on  



Fig. 3. Particular of left acetabulum showing articular degeneration (porosity).

the left, leading to coxa vara, valgus knee and probable shortening of the left 

lower limb. Unfortunately it was not possible to compare the total and physiological 

lengths of the two femora because of condyle fragmentation.   

The radiological analysis (Fig. 4) confirmed the morphometric results. The 

ovalization and flattening of the left femoral head are evident, as well as the 

shortening of the femoral neck and protrusion of the hypertrophic greater trochanter. 

Coxa vara is also present in the left hip due to a relative rectification of the angle 

between the neck and diaphysis of the left femur. The CT analysis with subsequent 

physiological length reconstructions showed a marked shortening (20 mm) of the left 

femur with respect to the right, as measured from the top of the femoral head to the 

intercondylar fossa (Fig. 5).  

There is no evidence of a remodeled fracture involving the femoral head or neck. 

However, in comparison to the right femoral head, there are some small areas of 

more or less marked radiolucency on the left femoral head as a result of 

fragmentation and remodeling of the subchondral bone during the disease. Evidence 



of mild osteoarthritis is present on the left femoral head (porosity and exostosis on 

the articular surface) (Rogers and Waldron, 1995). There is no sign of severe 

osteoarthritis. The marked flattening and osteoarthritic modification of the left 

acetabulum in comparison to the right was also confirmed.   

 Fig. 4. Anterior-posterior X-ray of both femora and respective fragmented 
acetabula in anatomic position. 

Discussion  
The lesions on the left hip of the individual buried in grave 92D of the Spina 

necropolis can be attributed to Legg-Calvé-Perthes disease. If bilateral abnormalities 

of the femoral head had occurred, other diseases with common bilateral involvement 

would have had to be considered (e.g. hypothyroidism and epiphyseal dysplasia) 

(Ortner, 2003). However, the characteristics of the pathological lesions in our case, 

affecting only one of the hips, exclude possible diseases such as hypothyroidism and 

other types of osteonecrosis due to sickle-cell disease, Gaucher’s disease or  



 

Fig. 5. Physiological length reconstruction of CT images (coronal plane) of 
femora with respective cranio-caudal lengths.

epiphyseal dysplasia, as they usually involve both hips or other joints (Anderson 

et al., 2010; Harris, 1986; Rosenfeld et al., 2007; Ruosi et al., 2003).  

The absence of downward displacement of the center of the femoral head towards 

the axis of the neck, the almost normal neck length, the absence of a secondary 

acetabulum on the ilium and the absence of a fracture rim upon radiography (Fig. 4) 

also exclude a diagnosis of a slipped capital femoral epiphysis (Herrerín and 

Gallarda, 2012). Moreover, osteochondrosis can be a self-limiting disease. This was 

likely the case of the pathology suffered by the individual buried in grave 92D, 



allowing the individual to live past 40 years of age with a quite good quality of life 

even without surgical treatment, obviously unavailable in the Iron Age. The only 

pathological consequences deducible from the radiographs of both hips are mild 

osteoarthritis of the left hip and deformation of the proximal epiphysis (both femoral 

head and neck) leading to moderate coxa vara, valgus knee and shortening of the left 

lower limb (Figs. 4-5). This probably resulted in joint stiffness of both hip and knee, 

pain and some difficulty in walking and moving, such as abnormal gait, limping etc.   

This in turn would have led to atrophy of the lower limb muscles and the observed 

gracility of the respective long bones. However, the appearance of the acetabulum 

and femoral head suggests functionality of the left hip until the individual’s death. 

These findings are compatible with the 4th stage of LCPD as described by Lovell et 

al. (2006), i.e. completely healed LCPD: the femoral head is completely remodeled 

with the return of normal bone density.   

The femoral head is medio-laterally flattened (coxa plana), but only mildly 

enlarged (coxa magna), as indicated from the diameters of the respective femoral 

heads. This alteration, probably resulting from the damage to the femoral head 

caused by subchondral bone resorption and fragmentation after interruption of the 

blood flow, is however relatively mild. This is compatible with an early onset of the 

disease (probably before the age of 4), which is usually associated with a better 

prognosis (Rosenfeld et al., 2007). The sex identification is consistent with the 

diagnosis of LCPD, as it especially involves European males (Chaudhry et al., 2014; 

Ortner, 2003).  

LCPD is very rare nowadays and few studies have documented the disease in 

ancient populations. Ortner (2003) reported a possible case of LCPD on a right femur 

from Valley of Chicama in Peru characterized by a mix of male and female metric 

characteristics as in the present case; the archaeological age of the specimen was not 

well defined (Smrcka et al., 2009). Two interesting archaeological cases of LCPD 

were published by Smrcka et al. (2009), one involving a male older than 50 years 

from the Langobard cemetery at Lužice (South Moravian Region, Czech Republic) 



and dating to the end of the 5th-beginning of the 6th century CE, the other affecting 

an adult male from Brandýsek (Kytlicová, Czech Republic) and dating to the 9th-10th 

century CE. Another interesting case of LCPD, involving a ~50/60-year-old male 

Visigoth from Duratón necropolis (Segovia, Spain, 5th-7th century CE), was 

published by Herrerín and Gallarda (2012). These few archaeological cases of LCPD 

confirm the interest in individual 92D from the Spina necropolis.  

In conclusion, morphometric and radiological examinations of the left hip of the 

individual buried in grave 92D of the Etruscan necropolis of Spina suggest a 

diagnosis of LCPD. Only a few paleopathological cases of this rare disease, mostly 

dating to Late Antiquity-Early Middle Ages, have been published. To our knowledge 

the results presented here constitute the most ancient case of LCPD published thus 

far. This finding is very important both for the history of this disease, now dating 

back at least to the Iron Age, and the history of medicine, demonstrating that people 

affected by LCPD could survive the pathology even without surgical intervention, 

with only mild sequelae and reaching adulthood and even old age.  
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