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Abstract  

The invasion of Russia by the Napoleonic Grande Armée was a complete disaster. The French 

army was decimated during the retreat from Russia. Thousands of victims were buried in 

mass graves located near several cities during the retreat. One of these mass graves was 

discovered in in the center of Kaliningrad (formerly Königsberg), presently the most 

occidental oblast of the Russian Federation. Some skeletons revealed evidence of violence 

related traumatic injuries. Among them, the skeleton C2 belonged to a young male, who had 
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suffered a serious injury to the lower face. The state of post-traumatic remodeling indicated 

survival of about 2 months (between more than 6 weeks and less than 3 months).  

The 3D reconstruction of the mandible and the maxilla contributed additional information 

about the injury, its cause and treatment. This permitted pre-traumatic reconstruction of the 

viscerocranium and mandible through the application of two new techniques: virtual 

osteotomy and virtual bone transplant from another individual and perform an approximation 

of the face (to recreate the soft tissues) of this unidentified soldier using AFA3D software. 

These results highlight the use of 3D methods in paleopathology and forensic anthropology to 

reconstruct traumatic facial injuries and the pre-traumatic facial appearance. 
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Introduction 

In 1812, in response to Russia's withdrawal from the continental blockade of the United 

Kingdom and to liberate Poland, Napoleon I invaded Russia. This military campaign was a 

disaster and the Grande Armée was decimated. Napoleon was forced to retreat from Moscow 

which has been set on fire by its inhabitants. The French defeat at the Battle of Berezina 

(November 1812) brought an end to this disastrous campaign. However, the extremely cold 

Russian winter; infectious diseases, in particular typhus; and starvation killed more soldiers 

than did the battles against the Russian troops (de Beauchamp, 1825; Noël, 1895; Boudon, 

2012). Hundred thousand victims were buried in mass graves that marked the passage of 

increasingly desperate troops (Signoli et al., 2004, 2008; Dutour et al., 2014, 2015). 

Königsberg, capital city of Eastern Prussia, today known as Kaliningrad, Russian Federation, 

was one of the places where the survivors of the Grand Armée had a short rest in late 

December 1812 (Larrey, 1817; Noël, 1895).  
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In July-August 2006, salvage excavations due to construction were conducted in the center of 

Kaliningrad by a team form the Department of Salvage Archaeology (Institute of 

Archaeology, Russian Academy of Sciences) under the supervision of Alexander Khokhlov 

(Buzhilova et al., 2009). In addition to the discovery of fortifications of the old city of 

Königsberg, the capital of Eastern Prussia, twelve mass graves containing the remains of at 

least 600 individuals were discovered. The skeletons were associated with military buttons, 

remains of textiles, shakos, shoes, boots and coins that led to identification these remains as 

those of Napoleonic soldiers of the Grande Armée. This archeological and anthropological 

material was studied under the auspices of the CNRS French-Russian Laboratory (LIA 

K1812, CNRS-RAS / EPHE-Moscow State University). 

The skeletal remains of soldiers revealed 103 instances of violence-related trauma, including 

fractures, weapon wounds and evidence of field surgery such as amputations (Dutour and 

Buzhilova, 2013). Among these cases, Individual 2 from Pit C (C2) exhibits a serious wound 

in the lower part of his face, which is the subject of this study. The 3D method of virtual 

reconstruction was employed in order to: (1) to understand the trauma etiology, (2) to 

virtually reconstruct the missing parts of the facial bones to restore the entire facial skeleton 

and (3) to provide a facial approximation.  

 

Material and methods 

In pit C, 26 skeletons were identified. All the individuals but two were young adult males. 

Their corpses had been buried directly in the ground, except one, which was buried in a 

wooden coffin (Buzhilova et al, 2009; Dutour & Buzhilova, 2013). There was no particular 

organization in the deposit of the skeletons, but in the lower layer, the coffin and some 

skeletons were placed along a North/South axis with the head oriented towards the North. In 
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the upper layer, the skeletons were positioned perpendicular to the coffin in a foot-to-foot 

position. There was no preferential burial position (figure 1). Skeleton C2, was identified as 

that of a young male (about 20-25 years old; following Buikstra and Ubelaker (1994) 

method), showing a serious wound in the lower part of his face (figure 2): this injury fractured 

the left side of the mandible, the maxillary bones and anterior teeth (Dutour and Buzhilova, 

2013). Sex determination was based on the visual discriminant method of the ossa coxae 

(Bruzek 2002) and the probabilistic method developed by Coqueugniot et al. (2010) for 

estimating age-at-death, which combines sites and stages of epiphyseal fusion. A computer 

tomographic scan of the cranium and mandible was performed at the Department of 

Radiology of Moscow State University by one of us (A. V.) on a Philips Brilliance 64 device, 

using a 512 x 512 matrix, a slice thickness of 0.47mm, an exposure time of 780 ms, and a X-

ray tube current of 128 mA. CT data were analyzed using TIVMI® software, developed by 

Dutailly et al. (2009). TIVMI® has demonstrated an accuracy comparable to other 3D 

reconstruction software (Guyomarc’h et al. 2012) as it uses the HMH algorithm (Spoor et al. 

1993) extended to 3D.  

The first step of this procedure produced a semi-automatic segmentation based on the 

different densities of skeletal tissues: cortical bone, trabecular bone, teeth and remodeled bone 

corresponding to callus formation. We named ‘remodeling bone’ this newly formed bone 

tissue (so-called callus) corresponding to a healing process still in progress at the time of 

death. It clearly differs on the CT-slices in its density and structure from the more mature 

bone. These segmented slices were then converted by TIVMI in a 3D model of the cranium 

and mandible as it appeared at its discovery. The precision of TIVMI was crucial to the 

successful completion of this step. The pre-traumatic state was reconstructed by using 

TIVMI® and Geomagic Studio® softwares. It required the removal of the actively 

remodeling bone and replacing fragments in their pre-traumatic anatomical positions. In some 
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highly fragmented areas, the process of bone remodeling affected cortical bone. The 

irregularities of cortical surface associated with displacement of bone splinters, were revealed 

only after the segmentation and 3D reconstruction. A virtual osteotomy was performed in 

order to remove these irregularities. The level of the osteotomy was determined by 

superimposing the affected side on a mirror image of the unaffected side, which served as a 

guide for removal of these irregularities.  

The missing parts were recreated using two techniques: by symmetry when possible 

(mirror imaging, Gunz et al. 2009) or by using a reference individual (virtual bone transplant) 

when the anatomical region was missing from both sides of the facial skeleton. For the 

application of the latter technique, the CT scan of a 22-year-old French man was used. The 

data had been anonymized, with only the age and sex of the individual being known. 

Craniofacial CT-scans of this individual had been performed for medical reasons other than 

trauma or masticatory pathology. Facial approximation was performed using TIVMI® and the 

AFA3D plug-in. The software uses geometric morphometrics and statistical models to 

estimate facial soft tissue depth and facial shape. Seventy-eight bone landmarks were used to 

estimate 100 cutaneous landmarks. The software database consists of a reference sample 

composed of 500 CT-scan of adults (of which 265 are males) from several hospitals in 

France. Age, sex and body mass can be estimated (Guyomarc’h et al., 2014). Phenotypic 

details were added using the software Blender®. Eye color, hair and skin pigmentation were 

selected based on those representing the most common phenotypes noted in the military 

registers of the Napoleonic regiments (Degioanni, 2012). The uniform corresponds to one of 

the regiments identified in the pits due to the presence of military buttons.  

 

Results 
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The male sex was confirmed and the age-at-death was estimated with a probability of 98% as 

belonging to the 24-27 year-old age category. Therefore, this result places this individual’s 

birth between 1785 and 1788- that is to say, before the French Revolution.  

Paleotraumatological description 

The mandible consists of two main fragments: the right ramus and a large part of the 

symphysial region attached to the left side of the bone. Most of the right mandibular corpus 

from the first premolar to the ramus is missing. A fracture callus can be seen in the inferior 

and lateral parts of the right ramus. The CT-scan images permitted identification of five 

osseous fragments by separating them from the bone callus. Three of these fragments from the 

inferior region were not in their anatomic position, being displaced laterally or medially. In 

this area, the remodeling bone is strongly developed, completely surrounding these bone 

fragments. The outline of this callus is not perfectly smooth. The segmentation of CT-scan 

images also confirmed that the entire lateral side of the ramus was affected by remodeling 

processes, even the superior part, far from the lesion. 

A fracture between the left side and the symphysis region can be seen in the main 

fragment. The 3D images revealed a third fragment, surrounded by remodeling bone on the 

lingual side of the symphysial region. The bone healing process seems much more advanced 

around this small fragment than around the main fracture on the left side of the mandible. The 

remodeling processes affect mainly the trabecular bone in this region (Figure 3). 

All teeth, except the three left molars, are missing. The dental alveoli do not show any 

evidence of bone remodeling. A part of the right maxilla and the anterior teeth (incisors, 

canines and right premolars) are missing. The trauma impacted the maxillary body, the 

alveolar and palatine processes. The frontal and the zygomatic processes remain relatively 

unaffected. The segmentation of this region did not permit identification of any fragments 
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within the new bone formation. The first left premolar is broken, with an oblique 

anteroposterior and downward fracture; the root is still visible in the dental alveolus. The 

second left premolar was initially present but fell out during the lab study. 

Re-examination of the field photographs show that most of this missing maxillary fragment 

was originally in place during excavation (Figure 1). This bone fragment was probably 

misallocated when skeletons were rapidly removed due to time pressure imposed by the real 

estate developer in the context of a rescue excavation (Dutour and Buzhilova, 2013). The 

fragment was not present among the bags of remains during the lab study performed at the 

Museum of Kaliningrad in September 2006 (Dutour, pers. com.).  

The remodeling process in the remaining right maxilla is poorly developed, and may 

correspond to a healing without a great gap (Marsell and Einhorn, 2011) between the 

traumatic event and death. The nasal bones are not present; the breakage in this region 

corresponds to recent postmortem break (Lovell, 1997; Marin-Monfort et al., 2017). The nasal 

aperture is deviated to the right, while the perpendicular plate of the ethmoid is deviated to the 

left. No others parts of the upper face seem to be affected by traumatic or taphonomic 

processes. No other particular marks are visible on the cranium and no remains of weapons, 

such as lead bullets or blade fragments, are present. 

Reconstruction of the pre-traumatic state  

The fragments of the symphysis and left side of the mandible were correctly positioned and 

re-assembled after the removal of the newly formed bone of the callus. A virtual osteotomy 

was performed on the inferior part of the right ramus (inferior to the mandibular foramen). 

Indeed, this part of the bone was much remodeled and distorted due to the poor re-positioning 

of the fragments following the traumatic episode. The right corpus was recreated by mirror- 

imaging using the preserved left side of the mandible (Figure 4). The reconstruction of the 
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maxilla was not possible using mirror imaging. Indeed, no preserved part could be used to 

recreate the missing ones. To overcome this obstacle, clinical CT data from a young French 

man of similar maxillary size and robustness and comparable age (22 years old) was virtually 

transplanted into the portion of his maxilla corresponding to missing part of soldier’s face 

(Figure 5). These 3D reconstruction and restoration processes of the mandible and maxilla 

allowed us to obtain a virtual complete skull (Figure 6). Therefore, it has been possible to 

perform an approximation of the individual’s face using the AFA3D software. This provides a 

neutral facial model (Figure 7A). Upon completion of this procedure, the resulting facial 

approximation was further enhanced with the addition of realistic pigmentation and texture 

details using Blender software (Figure 7B). 

  

Discussion  

The facial lesions of this individual affecting both the mandibular and maxillary bones 

correspond to severe facial trauma. The presence of sharp force trauma excludes a simple 

accidental cause.  The victim was probably wounded during a fight against Russian troops.  

Violence-related traumatic injuries can be due to various weapons, including firearms (rifles 

and pistols), cannons, and edged weapons such as sabers. These lesions do not correspond to a 

firearm injury as no metallic artefacts, such as lead shot, were identified (Coqueugniot et al., 

2015).  

Therefore, the most probable weapon that produces this type of trauma is the heavy saber 

used by cavalry of the period. The maxillary fracture detached bone without any 

fragmentation, contrary to the mandible which was broken in several pieces. Thus, the maxilla 

was the area of intial impact, cutting off the anterior part of the maxillary process just inferior 

to the nasal aperture. Secondarily, the loss of velocity and energy caused by striking the 
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maxilla produced a major fracture of the right mandibular corpus. The fracture on the left side 

of the mandible may correspond to a balancing fracture resulting from the violent blow 

(Lovell, 1997). The force of the blow would be increased by the speed at which two mounted 

soldiers would clash. Bilateral extension of the articular surface is observed on the anterior 

surface of the femoral neck of this individual, a feature that is observed among 25% of the 

femora in this series (Dutour and Buzhilova, 2013), and that has been proposed as a skeletal 

indicator of horse-riding by some authors (Palfi, 1992; Molleson and Blondiaux, 1994; Palfi 

and Dutour, 1996, Baillif-Ducros et al, 2012; McGrath, 2015), even if this interpretation was 

questioned by other scholars (Radi et al, 2013).  

  It is difficult to determine the hand preference of the assailant. As the left side of the 

victim is affected, one possible scenario would be that the wound was received in a face-to-

face confrontation with a left-handed opponent. However, the trajectory of the blow, from 

superior to inferior and slightly posteriorly, would better correspond with a blow delivered by 

a right-handed assailant who was on the left side of the victim. In this case, the lesion would 

correspond to a saber blow of the “taille”, the blade of the sword. At this time in history, the 

“estoc” (with the tip of the sword) was the recommended part of the sword to wound an 

enemy combatant (de Brack, 1876). The “taille” causing extensive but superficial cuts, 

contrary to the “estoc” which causes smaller but deeper wounds but penetrates to reach vital 

organs. This kind of facial saber blow has been reported during the Russian campaign 

(Larrey, 1812; Noël, 1895).  

The saber hypothesis is supported by the general appearance of the lesion and by the fracture 

angle on the left maxillary premolar, the same as that observed on the mandible. Soft tissues 

served as flaps that kept bone fragments in place. A very similar case of a facial wound 

caused by a saber occurred during the Russian Campaign, as described by Dominique Larrey, 

French surgeon in chief of the Grande Armée (Larrey, 1817). The patient, a Russian colonel, 
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saber-wounded during conflict with a French cavalryman, presented with a maxillary fracture, 

dental loss and severe soft tissue lesions of the nose and mouth: “Then I detached the portion 

of the palatal vault that held to the flap [of soft tissue]. It consisted of the anterior half of the 

upper alveolar arch. It had been separated from the rest of the jaw, on one side, between the 

canine and the first premolar, and, on the other, between the first two molars”1. 

To remedy this damage, Larrey recommended a precise procedure he had experimented 

several times with success: extraction of all the small bone fragments, mandibular fracture 

immobilization by means of external fixation (dental braces) and reconstruction of soft tissues 

by suture stitches (Larrey, 1812, 1817; Ferret-Dussart, 2004).   

Remodeling processes observed on the maxilla and mandible show that this wound was 

severe but not immediately lethal. The firm attachment of the callus to the cortex, the relative 

smoothing of its outline and the incompleteness of the healing indicates that the victim 

survived between 6 weeks and 3 months after the trauma according to a method of 

determination of post-traumatic time interval (De Boer et al., 2015). Therefore it is most 

probable that the victim has been taken into care in one of the French military hospitals of 

Königsberg (Larrey, 1817; Noel, 1895), and treated according to the Larrey’s surgical 

procedure. It should be noted that pits were located close to one of the French military 

hospitals of Königsberg (Buzhilova et al, 2009). This wounded soldier was on the way to 

recovery when he died, possibly from a co-morbid cause.  

Epidemic outbreaks of typhus (Rickettsia prowazecki) and trench fever (Bartonella 

quintana) occurred in Königsberg in late 1812-early 1813 (Ozanam, 1835). Molecular biology 

                                                           
11 « Je détachai ensuite la portion de la voûte palatine qui tenait au lambeau. Elle se 

composait de la moitié antérieure de l’arcade alvéolaire supérieure. Elle avait été séparée du 

reste de la mâchoire, d’un côté, entre la canine et la première prémolaire, et, de l’autre, entre 

les deux premières molaires » (Larrey, 1817) 
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has confirmed the presence of these two diseases in Vilnius (Raoult et al. 2006), a city located 

along the road to Königsberg. The poor physiological state due to having sustained a severe 

wound and consequent eating difficulties of this wounded combatant in the exhausting retreat 

and the extremely cold temperature may have been significant aggravating factors in his 

demise. 

 

Conclusions 

The virtual study of a traumatic injury using computed-tomodensitometry furthers 

understanding of a bone lesion, its causes and consequences. Study of CT-scan slices makes it 

possible to better observe the different tissues and thus better understand the blow. Moreover 

permits estimation of the post-traumatic survival time. As a complement to 2D analysis, this 

study demonstrates the value of 3D reconstruction of the mandible and the maxilla through 

the application of two original techniques: virtual osteotomy and virtual bone transplant. They 

permit reconstruction of the pre-traumatic state of the cranium and mandible. These two, easy 

to apply techniques differ from those commonly used in paleoanthropology (Gunz et al., 

2009) but accurately approximate facial features. More than two centuries after his death, this 

facial reconstruction brings this unknown soldier’s face back to the present.  
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