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Introduction 

 X-ray scanning of a child mummy in AD 1896 in 

Frankfurt Museum, only three months after the 

invention of the X-ray, is considered to be a birthdate of 

paleoradiology (Rühli et al., 2004; Chhem and 

Brothwell, 2007; Zesch et al., 2016). However, the name 

was coined by Notman almost a century later; in AD 

1987 when frozen sailors from the Franklin expedition 

were studied (Notman et al., 1987). Dragutin 

Gorjanović Kramberger, a famous Croatian 

paleontologist was the first to scan fossilized remains of 

Neanderthal man from Krapina in 1901 in the Sisters of 

Mercy Hospital in Zagreb (Gorjanović-Kramberger, 

1899). Since then X-ray has remained a golden standard 

in paleoradiology, particularly for bony structures as it 

is easily available to archeologists and 

bioanthropologists (Chhem and Brothwell, 2007). On 

the other hand, computed tomography (CT) provides 

superior contrast and spatial resolution and has the 

capacity to remove superimposed embalming materials 

from images of internal structures, which is very 

important in the study of mummies (Braunstein et al., 

1988). Ankylosis is a condition when a complete or 

partial fixation of a joint, by an osseous or fibrous union 

of the bones, is caused by disease or injury (Roberts & 

Manchester, 2010). 

We present a case report of an ankylosed knee joint, 

found in St. Teodor graveyard, Istria, Croatia (15th-18th 

Abstract 

Objective: To present a case of knee joint ankylosis in human skeletal remains found in Istria, Croatia. 

Materials and methods: A fused knee joint was found at archeological site St Teodor. We analyzed the knee changes using 

macroscopic observation, using digital radiography and computed tomography.  

Results: Macroscopic analysis and both digital radiography and computed tomography imaging show knee ankylosis with 

cortical thickening. 

Conclusion: Knee ankylosis with cortical thickening suggests that the person still used the leg despite the disability. 
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century) scanned on X-ray and CT, and provide an 

overview of 3D reconstructions on CT.  

Materials and Methods 

Digital radiography is a fundamental imaging method in 

the skeletal analysis of human remains. It is a widely 

accessible imaging method for archeologists and 

bioanthropologists. In clinical medicine and scientific 

study of mummies, CT is essential for obtaining 

information about the soft tissues and internal body 

cavities, or in this case, for the quantitative evaluation 

of the cortical bone thickness. The benefits of CT 

include the capacity to remove superimposed 

embalming material from images of internal structures 

and also the superior contrast and spatial resolution (in 

comparison with X-ray). A possible limiting factor for 

the use of CT in paleoradiology can be its availability to 

archeologists and bioanthropologists. 

The church of St. Teodor, located on the border of the 

municipalities of Rakalj and Krnica (Istria, Croatia) was 

first mentioned in AD 690. In the sources known so far, 

it was not mentioned again until the 17th century. The 

church was abandoned in the 19th century, after which 

it quickly decayed, and the sacred inventory was moved 

to the parish church of St. Blaža in Vodnjan. (Milotić, 

2010). Since AD 2018, archaeological research has been 

carried out by the Croatian Conservation Institute. 

During the excavations carried out in AD 2019 in grave 

5, (Figure 1) which is located in the western part of the 

church, among many dislocated bones, a part of the 

upper and lower right leg (femur and tibia), completely 

fused, was discovered (Figure 2). Based on coins and 

jewelry found in that grave, it is most likely that grave 5 

dates to the 15th-18th century.                                                                                                                                               

The fused right knee has been scanned in University 

Hospital Centre Zagreb on Axiom Aristos MX (Siemens, 

Erlangen, Germany) X-ray unit and Multidetector 

computerized tomography (MDCT). CT scans were 

obtained using a Siemens Sensation 16 unit (Siemens, 

Erlangen, Germany) with the following scan 

Figure 1. Excavations carried out in AD 2019 on grave 5 

Figure 2. Part of the upper and lower right leg (femur and 

tibia), completely fused 
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parameters; 16 × 0.75 mm collimation, 130 KVP, and 

300 mAs with a field of view (202 mm). Post-processing 

(3D volume rendering technique - VRT) and multiplanar 

reconstructions (MPR) were done using imaging 

processing software (Horos MD v. 8.1.5. Pixmeo 

Software, Geneve, Switzerland). 

Results 

Part of a right femur and tibia were preserved with a 

partially ankylosed knee joint in the lateral 

compartment. The knee was bent in a flexed position at 

45° degrees. Unfortunately, due to the large number of 

individuals buried in this grave (Minimal Number of 

Individuals was 7), as well as it was the case of the 

commingled remains, it was not possible to determine 

whether any other bones from this assemblage 

belonged to the individual who had this pathological 

change, and consequently, neither the sex nor age at 

death could be estimated. Based on closed epiphyses 

and cortical thickness, we concluded that the knee 

belonged to an adult individual. Macroscopic analysis 

and both x-ray (Figure 3) and CT imaging (Figures 4 and 

5) showed tibiofemoral joint fusion with cortical 

thickening up to 13 mm and normal trabecular bone 

architecture. 

Figure 3. Part of the upper and lower right leg (femur and 

tibia), completely fused x-ray 

Figure 4. Part of the upper and lower right leg (femur and 

tibia), completely fused CT imaging 
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Discussion 

Despite the condition of the knee joint, the individual 

has used the leg throughout life. The absence of 

osteoporosis and thinning of the cortical bone support 

this statement. (Brickley et al., 2020). 

Nowadays in Western societies ankylosis of the knee is 

rather a rare condition as diseases are treated as early 

as possible, but in the past when treatments were not 

so widely available this was not the case. Still, ankylosis 

of limb joints is a rarely described alteration in 

paleopathological literature (Ortner, 2003; Roberts & 

Manchester, 2010). Lately, ankylosis of a knee joint 

from Medieval London has been reported (Redfern & 

Austin, 2020). Their re-analysis of a female skeleton 

with knee joint fusion suggests that the ankylosis was 

most likely formed due to a congenital condition, but 

non-adult trauma and osteoarthritic changes were 

discussed as well. In our case, no other visible signs of 

fracture are detectable, although they could be hidden 

in medial parts of the knee which are missing. Several 

underlying conditions could cause the ankylosis of a 

knee joint and should be taken into consideration for a 

differential diagnosis. 

One of the outcomes of untreated rheumatoid arthritis 

(RA) could be ankylosis of the limb. The most prominent 

feature of rheumatoid arthritis is polyarthritis which is 

manifested with pain and swelling of the feet, wrists, 

hands, and knees. Individuals with longstanding, 

inadequately treated RA develop joint damage and 

deformities. Characteristic deformities for RA are ulnar 

deviation, swan neck, and boutonniere deformities of 

the hands, and flexion contractures of the knees and 

elbows. Those classic late-stage deformities are less 

common in the modern age due to improved treatment 

options (Sparks, 2019).  

Although there is no agreement on the antiquity of the 

RA, the first modern description is found in the 

dissertation of Augustin Jacob Landré-Beauvais from AD 

1800 (Entezami et al., 2011). For the cases of RA before 

AD 1800, we present the evidence of its existence in 

chronological order (Table 1 and Table 2) (Aceves-Avila 

Figure 5. Part of the upper and lower right leg (femur and 

tibia), completely fused CT imaging 

Table 1. The most convincing descriptions of chronic polyarthritis before 1800. 
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et al., 2001). In Table 2 there is artistic evidence and we 

always have to be careful when analyzing art as it is 

always questioned to what extent the created painting 

is a realistic review or just a representation of the style 

(Čavka et al., 2010; Rühli et al., 2016; Bianucci et al., 

2020). 

In our case what makes RA unlikely as a cause of 

ankylosis is a lack of bone erosions. RA causes chronic 

inflammation which leads to peri-inflammatory bone 

lesions (erosions). In other words, the damage to the 

cortical bone with the destruction of the barrier 

between the bone marrow compartment and the extra-

skeletal tissue (Lorenzo et al., 2015).  

Another possible cause of knee joint ankylosis is 

tuberculosis (TB). The oldest cases of human 

tuberculosis date from 7000 BC in the site of Atlit Yam 

(Eastern Mediterranean, Israel). Remains of an 

immature individual and an adult female presented 

paleopathological evidence of TB, and were confirmed 

by aDNA analyses and lipid biomarkers (Hershkovitz et 

al., 2008). Among the earliest cases of TB in skeletal 

evidence in Europe, there are cases of Pott’s disease in 

two individuals from the Early Neolithic (5400-4800 BC) 

from three sites in Germany (Halberstadt, Derenburg 

and Karsdorf) (Nicklisch et al., 2012).  

As for skeletal manifestations of TB, the most affected 

site is the spine. Vertebral bodies are affected by lytic 

lesions resulting in ankylosis, body collapse and 

kyphosis (Pott’s disease). Articular lesions are second in 

frequency. The large and medium-sized joints are 

involved preferentially, the hip and the knee 

particularly. It is rare for TB to affect more than one 

joint. TB presents with synovitis (which includes 

synovial hypertrophy and effusion), marginal erosions 

and juxta-articular osteopenia. Untreated TB can 

progress to joint ankylosis (Chapman et al., 1979). As 

mentioned before, in our case there are no visible 

erosions, so TB is probably not a cause of knee 

ankylosis. 

Untreated syphilitic arthritis can also lead to joint 

ankylosis. Syphilis, according to most scientists, spread 

to Europe immediately after the discovery of America 

(Naranjo, 1994). Many artists became victims of this 

highly contagious disease, some of them are Franz 

Schubert, Robert Schumann, Bedrich Smetana, Ernst 

Theodor A. Hoffmann, Arthur Schopenhauer, Charles 

Baudelaire, Gustave Flaubert, Edouard Manet, Friedrich 

W. Nietzsche, Paul Gauguin, etc. (Rietschel et al., 2004). 

Neuropathic arthropathy of the Charcot joint was first 

described by Charcot as an arthritic sequela of 

neurosyphilis (Badazadeh et al., 2010). Neurosyphilis or 

tertiary syphilis often affects large weight-bearing joints 

such as the knee. Changes in the affected joint include 

destruction of articular surfaces, joint debris (loose 

bodies), dislocation and deformity (Pinzur, 2000).  

 Today we know that Charcot neuropathic 

osteoarthropathy is seen in individuals with various 

peripheral neuropathies, such as diabetes, trauma, and 

metabolic abnormalities (Harris & Violand, 2022).  In 

the modern age, diabetes mellitus has taken over as the 

major cause of the Charcot joint (Sella & Barrette, 1999; 

Parvizi et al., 2003). However, diabetes is more likely to 

affect the foot and ankle (Lee et al., 2003). Midfoot 

collapse, described as a “rocker-bottom” foot is the 

hallmark deformity associated with this condition 

(Rogers et al., 2011).  

As for the antiquity of diabetes mellitus, Aretaeus of 

Cappadocia AD 100 gave the first accurate description 

Table 2. Pictorial evidence of the existence of chronic symmetric polyarthritis before the 19th century. The artistic 

representations are from Europe. 
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of the disease, and introduced the term ‘diabetes’ (from 

the Greek diabainein which means passing through; a 

large discharge of urine) (King & Rubin, 2003). Dupras 

et al. (2010) described the earliest case of diabetes 

mellitus in skeletal remains from Dayr al-Barsha, Egypt 

dated to ca. 2050-1911 BC. 

 Recently, the so-called Medici syndrome has raised 

much attention in the history of medicine. The Medici, 

a famous family from Florence, ruled the city for most 

of the period from the 1430s to the 1730s. Given their 

wealth, political power, often poor health and the fact 

that they were patrons of arts, the Medici rulers and 

their relatives have attracted the attention of 

biomedical researchers as well as historians. Males in 

the Medici family suffered from a triple pathology of 

stenotic spinal ankylosis, recurrent peripheral joint 

disease and erythematous skin disease. Authors 

mention knee ankylosis as a final complication (sequel) 

of peripheral joint disease. (Lippi et al., 2014). Although 

this would be highly improbable, as only part of a right 

femur and tibia with a partly ankylosed knee joint was 

available for analysis, the Medici syndrome, as well as 

Charcot neuropathy, should be included in the 

differential diagnosis. 

Conclusion 

Our case shows an adult individual with knee joint 

ankylosis. Based on bone morphology and cortical 

thickness we can conclude with great certainty that this 

individual has used the leg in everyday life despite the 

disability caused by a fusion of the knee joint. 
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