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Abstract

The Longobard necropolis of Castel Trosino dates from the 6th to the 8th century

CE. Among the tombs excavated, the skull of an older female shows the first evidence

of a cross-shaped bone modification on a living subject. Macroscopic, microscopic,

and CT scan analyses revealed signs of at least two sets of scraping marks.

Specifically, SEM analysis shows that perimortem bone-scraping traces are present on

the skull. Both healed and non-healed defects suggest that the woman has received

at least twice intentional bone modifications to address her condition. This is the first

evidence of a cross-shaped therapeutic intervention on a living subject.

K E YWORD S

bioarchaeology, CT scan, paleopathology, SEM analysis, skull defect

1 | INTRODUCTION

Cranial defects constitute a significant interpretative challenge for

osteoarchaeologists. They may be hidden by the proliferative or

resorptive bone response (Verano, 2017). To improve the quality of

the interpretation of defects, it is critical to approach this process with

a differential diagnosis perspective and contextualize findings

with historical medical documents and the archeological record
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(e.g., Aidonis et al., 2021). Using a multidisciplinary approach, we pre-

sent unprecedented evidence specific to several cranial defects

observed in one female skull.

The remains were excavated from the Longobard cemetery of

Castel Trosino, contrada Santo Stefano (Figure 1a,b) in central Italy,

dated to the Early Middle Ages (Ascoli Piceno, 6th–8th century CE;

Ricci & Paroli, 2007). The cemetery was investigated at the end of the

19th century (Mengarelli, 1902; Sergi, 1902). Hundreds of burials

were recovered, but only 19 skulls are available for assessment

(Micarelli et al., 2021).

Castel Trosino was a critical site in the complex political situation

that developed after the collapse of the Roman Empire (postclassical

period). After losing Po Valley territories, the Byzantine government

stabilized military control of central Italy. As a result, during the 6th

century CE, Castel Trosino became a strategic site. The archeological

literature (Delogu, 2016; Ricci & Paroli, 2007) describes the site as

having a non-preeminent military function. The first Longobard phase

at Castel Trosino began during the last decade of the 6th century

(Jørgensen, 1991; Ricci & Paroli, 2007). Most likely, this phase was

established by a small group of warriors led by high-ranking military

leaders who were given the insignia of Imperial Generals

(Delogu, 2016). They aimed to compensate barbarian leaders associ-

ated with the Imperial government and ensure regional peace. To do

so, the Byzantine authorities encouraged the occupation of Castel

F IGURE 1 (a) Location of Castel Trosino
(Ascoli Piceno, Italy); (b) map of the necropolis in
the contrada Santo Stefano. Burial T67 is in red.
Image modified from Ricci & Paroli, (2007),
Figure 2, p.10. [Colour figure can be viewed at
wileyonlinelibrary.com]
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Trosino by Longobard elites (Delogu, 2016; Jørgensen, 1991;

Profumo & Staffa, 2007; Ricci & Paroli, 2007). Castel Trosino became

the residence of several prestigious families, as indicated by

exceptional grave goods (gold objects and fine jewelry). As unique

postclassical Italian grave goods, these pieces are primarily

Roman-Byzantine manufactured and correspond to the customs of

Byzantine and Longobard societies (Delogu, 2016).

2 | MATERIALS AND METHODS

Skull CT1953 was found in a double burial (T67) at the Christian

Church exterior façade in the center of the cemetery. Grave

goods included a bronze brooch, comb, and gold filaments

(Mengarelli, 1902). The burial location and the richness of the grave

goods suggest that the two owners (a male and a female; Micarelli

et al., 2021) come from a privileged family (Delogu, 2016). The skull is

well-preserved; the surface morphology is intact, with no modifica-

tions caused by taphonomic processes (Figure 2).

A biological profile of the skull was conducted following standard

anthropology protocols. Sex was determined via cranial morphological

traits (Buikstra & Ubelaker, 1994), and the age at death was estimated

by examining cranial sutures (Meindl & Lovejoy, 1985) and dental

occlusal wear (Walker et al., 1991).

2.1 | Methods for the analysis of the bone marks

A gross pathological assessment was conducted to document the cra-

nial defects (Kranioti, 2015; Lovell, 1997; Redfern & Roberts, 2019).

Two acquisitions of the skull from CT1953 (Figure 2) were per-

formed at the Istituto Superiore di Sanità in Rome (IT) via cone beam

CT scan (NewTom 5GXL EXTRA.VISION) using a protocol adapted to

bone analysis (slice thickness: 0.3 mm, 110 kVp). Virtual reconstruc-

tion of the scan was performed on a 611 � 692 � 539 pixel matrix

(Schindelin et al., 2012).

We molded the scraped areas using a nondestructive and

conservation-friendly technique for investigating skeletal remains

(see Camar�os et al., 2016). We analyzed epoxy resin casts via

scanning electron microscope (SEM). Following a standard protocol

(Strani et al., 2018), we prepared casts of the bone defects on the

CT1953 skull (the complete procedure is described in Figure 3).

3 | RESULTS

Cranial morphology indicates that the skull is female, approximately

50 years old. The macroscopy investigation showed a cross-shaped

area of porous bone on the external surface of the cranial vault, with

an oval-shaped depression at the center of the cross. The anterior

frontal bone shows a second oval-shaped scraped area. These are

described in detail in Table 1. Moreover, two abscesses (one involving

the alveolus of RI1 and RI2 and the other affecting the LI2; Figure 2a)

and antemortem tooth loss (right maxilla: RI1, RI2, RC, LM3; and left

maxilla: LI1, LI2, LC, LP1, LP2; Figure 2a) were also observed and illus-

trated (Figure 2a,b).

The CT scan analysis showed a thickening of the diploe in the

frontal area, which presents a significant width (10 measurements:

mean 21.50 mm, min 15.3, max 26.72). This is considered abnormal

compared to modern populations (e.g., Şakir Ekşi et al., 2021 repre-

sent 8.7 mm for women). This change may reveal the first phase of

hyperostosis frontalis interna (HFI), a condition that appears commonly

in female individuals during menopause (at century 50 years old)

(Cvetkovi�c et al., 2020; Figure 4a). This differential diagnosis can be

F IGURE 2 Skull CT1953
from burial T67. (a) Frontal view.
The black arrow indicates the
large oval scraped area on the
frontal bone. The white arrows
show the abscesses involving RI1

and RI2 and LI2. (b) Superior
view. The black arrow indicates
the circular ectocranial
depression near bregma. The
white arrows show the cross-
shaped scraping parallel to the
sagittal and coronal sutures.
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related to a calvaria thickening or HFI. However, considering that the

skull does not have the large bone nodules typical of HFI (Hershkovitz

et al., 1999), we cannot consider HFI the only possibility. Although

the individual's biological profile tends to favor this hypothesis, other

conditions such as an idiopathic form, Paget's disease, sclerosing dys-

plasia, acromegaly, or a hematopoietic disorder cannot be excluded.

The absence of clear signs and the impossibility of an exhaustive

examination of the skeleton do not allow the differential diagnosis to

be refined.

The CT scan shows sagittal fissures in the middle of Defect E

(black arrows in Figure 4b, white arrow and white square in Figure 4d)

and endocranial and ectocranial bone thinning correspondingly with

the circular depression near bregma (white arrow and white square in

Figure 4d).

Recent cut marks are recognized via SEM analysis of the defects

(Figure 5). The V-shaped marks have a profound deep point with

sharp edges (Table 1; Figure 5a,b arrows), suggesting a perimortem or

postmortem event.

4 | DISCUSSION

Pitting and periosteal new bone formation on the external table of

cranial vault suggests changes secondary to inflammation (Figure 2b).

The cut marks seen on visual inspection, and scanning electron

microscopy would indicate that metal surgical tools were used. A plau-

sible interpretation of these changes would be that a cross-shaped

incision had been made to the top of the head by a medical practi-

tioner, and the scalp scraped away from the bone, stimulating inflam-

mation. If infection of the wound occurred, this would add to the

inflammation. The oval area at the center of the cross appears to be a

well-healed scraped trepanation.

The use of several shaped instruments and medical procedures

are well-documented (Bliquez, 2014). Medical instrumentations and

the methods of their use were passed almost unchanged from Greek

to Arabic and Byzantine literature. Instruments and treatments were

standardized and remained unchanged throughout the Middle Ages

(Gazzaniga & Marinozzi, 2015). Various drilling techniques were used

F IGURE 3 Molding and casting process on CT1953 skull. (a) The bone surface is cleaned by wiping with cotton swabs moistened with
acetone (≥99.5%). Then, acetone was removed by ethanol and left to dry completely. (b) The silicone was applied to the bone defects with the
dispensing gun (blue silicone). As Camar�os et al. (2016: 4) recommended, another layer of silicone is added to cover it (the orange one in the
picture). (c) The casts were laid following the anatomical position and marked to distinguish them. Silicone walls (in orange) were added to contain
the transparent epoxy resin (araldite LY 554) and catalyst (HY 956) for the positive casts. We left the transparent epoxy resin for 48 h in a dry
place. (d) The casts passed through the metallization of the surface with golden powder. (e) The sample was examined with SEM at the
Department of Scienze della Terra, Sapienza, University of Rome. [Colour figure can be viewed at wileyonlinelibrary.com]
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for curative purposes. Both Celsus (1st century) and Paul of Aegina

(7th century) describe in their respective medical treatises the scrap-

ing of the skull with a sharp-edged metal tool as a trepanation

procedure (González-Darder, 2019). Constantine the African, in his

“Surgery” (chapter 92), was the first mentioning cross-shape scalping

(Perrot, 1982). The 12th century Book I of Practica Chirurgiae by

TABLE 1 Description of defects for a differential diagnosis

Defect on the skull

Bone

involved Description of the defect Measurements Bone reaction

The oval defect on the

frontal bone

Frontal

bone

A large oval area runs laterally across the

central portion of the frontal bone.

Length: 43 mm

Max width:

16 mm

Healed:

Visible to the naked eye;

Figure 2a, black arrow

Defect A Frontal

bone

Oval branch on the upper part of the frontal

squama. This defect runs anterior to

posterior. It has a hollowed ridge of bone

in the center, whereas the outer edges

are deeply marked.

Length: 40 mm

Max width:

11 mm

Healed:

Bone reaction with the osteoblastic and

osteolytic remodeling in the entire

area of the defect (visible to the naked

eye; Figure 2b, white arrow)

No healing process:

Marks with sharp edges and sharp edges,

V-shaped sections. The marks run

parallelly and perpendicularly

(SEM images; Figure 5a, black arrows)

Defect B Right

parietal

The defect runs parallel to the coronal

suture. This lesion is perpendicular to

Lesion C.

Length: 60 mm

Max width:

10 mm

Healed:

Bone reaction with the osteoblastic and

osteolytic remodeling in the entire

defect area (visible to the naked eye,

Figure 2b, white arrow)

No healing process:

The marks run parallel to each other

(SEM images).

Defect C Right

parietal

Defect C runs parallel to the sagittal suture.

Lesion C has a raised line of remodeled

compacted bone (30 � 5 mm)

Length: 60 mm

Max width:

8 mm

No good quality SEM picture to

determine the healing process

Defect D Left

parietal

Defect D runs parallel to the coronal suture.

At the most lateral part, there is a small,

raised surface (10 � 5 mm)

Length: 60 mm

Max width:

11 mm

Healed:

Bone reaction with the osteoblastic and

osteolytic remodeling in the entire

area of the defect (visible to the naked

eye; Figure 2b, white arrow)

No healing process:

Marks with sharp edges and sharp edges,

V-shaped sections. The marks run

parallelly and perpendicularly (SEM

images; Figure 5b, black arrows)

Defect E Right

parietal

At the intersection of the A, B, C, and D

defects, there is an oval-shaped defect at

1 mm from the sagittal suture and 8 mm

from the coronal one. The center portion

is more profound than the outer edge

(minus 1,5 mm from the external tables of

the skull). In the middle of lesion E, two

tiny holes lead into the braincase (hole a

0,5 mm in diameter; hole b 1 mm in

diameter). There are three small

osteophytes on the border of the deep

lesion: Osteophyte (i) on the left board

1,5 mm in diameter; osteophyte (ii) on the

frontal board 2 � 8 mm; osteophyte (iii)

in the middle 3 � 2 mm: (Figure 4b).

There are two fissures in the middle of

the Defect E: (Fissure I) 2-mm long;

(Fissure II) 1-mm long.

Length: 20 mm

Max width:

15 mm

Healed:

Bone reaction with the osteoblastic and

osteolytic remodeling in the entire

area of the defect (visible to the naked

eye; Figure 2b, white arrow)

No healing process:

Marks with sharp edges and V-shaped

sections. The marks run parallelly and

perpendicularly

(SEM images; Figure 5c, black arrows)

MICARELLI ET AL. 5
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Roger Frugard, which incorporates Greco-Roman medical traditions,

describes the X-shaped incision as a regular way of clearing the scalp

to get to the cranium.

The endocranial thinning of the cranial vault near bregma

(Defect E, Figure 4d’) shows rim formation and bone loss of the

diploic structure (Figure 4d), suggesting significant healing. This can

F IGURE 4 Virtual analyses of the skull CT1953. (a) CT scan of the skull (left view). The arrow shows the diploe of the frontal area;
(b) magnification of the circular ectocranial depression near bregma, labelled in Table 1 Defect E, external view. The white arrows indicate the
osteophytes, and the black ones shows the fissures, described in Table 1; (c) X-rays of the skull, right side; (d) sagittal view of the skull CT scan.
The white arrow indicates the thinning of the bone (endocranial and ectocranial) in correspondence with the circular depression near bregma. D’)
shows the opening into the skull. D”) black arrows indicate the presence of lithic lesions. [Colour figure can be viewed at wileyonlinelibrary.com]

F IGURE 5 SEM analyses of the skull CT1953. Arrows indicate incision by a sharp object showing no remodeling. (a) Defect A; (b) Defect C;
(c) Defect E

6 MICARELLI ET AL.
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be linked to several conditions. Among them, we considered

(i) perforating trauma results from the severe impact on the skull. This

may cause the break of the inner table of the skull and, eventually,

fracture lines running from the injury (Nerlich et al., 2003; Rubini &

Zaio, 2011). Given the impact and the open fracture in the skull, these

lethal traumas often lead to death. This is not the case for CT1953;

(ii) neoplastic pathologies (e.g., multiple myeloma and metastatic carci-

noma): the absence of the typical destructive lesions (e.g., sunburst,

scalloped, and edges) and the lack of multiple lesions (Marques, 2019;

Figure 4c and Table 1), suggest eliminating this hypothesis; (iii) middle

meningeal artery (MMA) aneurysm: can be excluded given the posi-

tion of the lesion (Riccomi et al., 2022); (iv) arachnoid granulations:

their shape and location, mainly along the transverse or superior

venous sinuses, may lead to excluding this condition for CT1953

(Gomez et al., 2018). However, arachnoid granulations can also be

related to meningiomas. In these cases, granulation is often found at

the bregma (Ye et al., 2022). The endocranial thinning of the CT1953

skull might be related to this condition (Figure 4d”).
The abscesses on the maxilla severely affected the pulp cavity,

causing infection and resorption of the maxillary bone. Dental

abscesses and antemortem tooth loss likely indicate poor oral health

(Larsen, 2015).

Given the absence of the mandible and the rest of the skeleton, it

is challenging to diagnose a pathological condition. However, the

presence of porosity on the skull surface and the lesion on the ecto-

cranial surface suggests a systemic pathological condition that

affected CT1953 during her life. Illness linked to chronic headaches

and neurological, mental, or behavioral disorders is impossible to ver-

ify from the bones (Gresky et al., 2016).

CT1953 shows two sets of defects:

i. Antemortem: bone response is present and visible to the naked

eye (Figure 1a,b). Signs of remodeling, such as osteophyte and/or

bony bridges, are the first bone response, indicating short-term

survival (1–3 weeks up to 2.5 months after sustaining an injury).

Long-term survival is supported by smooth bone surface. This

occurs after 6 months (e.g. Barbian & Sledzik, 2008).

ii. Perimortem: V-shaped marks indicate interventions close to death

(Table 1; black arrows in Figure 5). Up to 5–7 days after the inter-

vention, the edges of the marks are sharp without osteoclastic

resorption or bone formation (Kranioti, 2015). No bone healing is

present for these bone marks on the CT1953 skull. Moreover,

the repetitive movements by a practitioner created perimortem

intersecting scraping mark on the skull surface (black arrows in

Figure 5).

Redfern and Roberts (2019) suggest that intentional superficial cranial

changes with a non-penetrated cranial vault are infrequently reported

in the literature (e.g., the T-sincipital described by Manouvrier in

1895). Following Verano (2017: 2), scraping trepanations consist of

gradually removing the outer table and diploe. When the inner table is

exposed, it can be scraped or broken out. We support the argument

that the bone marks on the CT1953 skull are a series of voluntary

actions (i.e., the oval defect on the frontal bone, Figure 2a; Defects A,

B, C, D, and E Figure 2a,b; Table 1). These were planned, and an oper-

ator intentionally conducted recurring bone modifications. Given the

extension and the voluntary repetition of the interventions and the

presence of the fissures in the cranial vault following the Western

nomenclature (Lisowski, 1967), we define the oval-shaped Defect E as

a trepanation obtained via the cruciform surgical incisions (Defects A,

B, C, and D). Drilling and scraping the skull did not always mean pene-

trating through the dura mater, as in some cases, ancient trepanations

were designed not to create an opening in the skull (Bliquez, 2014:

186). Greco-Roman medical literature offers examples of more super-

ficial skull drilling or scraping to treat decaying cranial tissue or tere-

donismos (Oribasius, Coll. Med. 46.22.16; Heliodorus), excessive

callus as a sequela to fracture (Paul 6.108.1), and excessive bone

growth (Oribasius, Coll. Med. 46.29.8; Heliodorus). Correction of

these situations required drills, chisels, and rugines/curettes. Oribasius

indicates this when he recommends promoting the growth of flesh

after head trauma by first scraping to the diploe “with an ordinary/

common scraping tool” (διὰ κοινοῦ ξυστῆρος; Coll. Med.46.9.5).

To further explore an alternative rationale for the cranial scraping,

we considered ritualistic/sacral trepanations used by the Avar people

in the Carpathian basin during the 6th and the 11th century CE

(Bereczki et al., 2015; Király et al., 2022; Mednikova, 2003). Following

this archeological example, the Longobard people of Castel Trosino

and Byzantine culture are tightly intertwined (Ebanista & Rotili, 2010).

Although the symbolic hypothesis is fascinating, no documented or

archeological evidence supports that ritualistic trepanation practice

was borrowed from Eastern Barbaric for CT1953.

We also considered that the scraping might be related to judicial

punishment, namely, decalvatio, as written in Longobard law

(Gasparri & Azzara, 2011). This penalty was of particular gravity and

rarely applied (Longobard laws: King Liutprando: law number 141, and

King Astulf: law number 4). It entailed cutting off the hair and remov-

ing part of the skin of the skull. Scalping implied permanent visual

mutilation. Given the persistence of beliefs in the magical value of

hair, decalvatio in the Longobard culture was a dishonorable punish-

ment. Two reasons are given for decalvatio: (i) soldiers who left the

field of battle with a loss of manhood (Venchiarutti, 2006); and (ii) the

iudices (i.e., with public functions) who traded with the Byzantines

without the king's license (Bertolini, 1962). As Gresky et al. (2017)

pointed out, cases of scalping in the osteological record show a

unique pattern of cut marks on the skull. These form a rough circle

around the skull and are clustered in small groups on the frontal, pari-

etal, and occipital bones (Bueschgen & Case, 1996; Toyne, 2011).

None of these cut marks is present on the skull. Moreover, the sex

and the historical background of CT1953 firmly exclude the

decalvatio.

5 | CONCLUSIONS

We employed CT scan and SEM analysis as part of a bioarchaeolo-

gical and paleopathological investigation assessing an Early
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Medieval Longobard woman's skull. We found that she had sur-

vived several surgeries and experienced long-term trepanation ther-

apy. The last surgery appears to have occurred just before the

individual's death. There is no evidence of trauma, tumor, congeni-

tal disorder, or other pathology; hence, why a Medieval medical

practitioner would undertake such a dangerous surgery is consid-

ered here. Although it is intriguing to consider the possibilities of

ritual or judicial resolution, no biological or historical evidence sup-

ports these hypotheses.

Nevertheless, this represents one of the few pieces of archeologi-

cal evidence of a trepanation surgery performed on Early Medieval

women paving the path for future research on the rationale behind

this dangerous surgical procedure in this period.
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