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Summary
The diagnosis of bland-looking spindle cell lesions of the breast is often challenging because there is a close morphological and immunohis-
tochemical overlap among the different entities. The present review will discuss reactive spindle cell nodule/exuberant scar, nodular fasciitis, 
inflammatory pseudotumor, myofibroblastoma (classic type), lipomatous myofibroblastoma, palisaded myofibroblastoma, benign fibroblastic 
spindle cell tumor, spindle cell lipoma, fibroma, leiomyoma, solitary fibrous tumor, myxoma, schwannoma/neurofibroma, desmoid-type 
fibromatosis, dermatofibrosarcoma protuberans, low-grade fibromatosis-like spindle cell carcinoma, inflammatory myofibroblastic tumor and 
low-grade myofibroblastic sarcoma arising in the breast parenchyma. The pathologist should be aware of each single lesion to achieve a 
correct diagnosis to ensure patient a correct prognostic information and therapy. Accordingly representative illustrations and morphological/
immunohistochemical diagnostic clues will be provided. 

Key words
Spindle cell tumors • Breast parenchyma • Differential diagnosis• Diagnostic approach
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Introduction

Bland-looking spindle cell lesions of the breast com-
prise a heterogeneous group of tumor-like and tumor 
entities, ranging from reactive to low-grade malig-
nant neoplasms with metastatic potential  1. (Tab.  I). 
Accordingly, differential diagnosis between the be-
nign spindle cell lesions and the potentially aggres-
sive tumors is mandatory to avoid overdiagnosis and 
overtreatment. However, this distinction is often chal-
lenging in daily practice, especially in needle core 
biopsies, due to the morphological and immunohis-
tochemical overlap exhibited by the different lesions 
that often share bland-looking spindle cells with the 
morphological features of fibroblasts/myofibroblasts, 
arranged haphazardly or in short fascicles or with 
focal storiform growth pattern, and set in a variable 
fibro-myxoid stroma. Pathologists should be aware 

344

Tab. I. Bland-looking spindle cell lesions of the breast.
Reactive lesions
- Reactive Spindle Cell Nodule/Exuberant Scar
- Nodular Fasciitis
- Inflammatory Pseudotumor
Benign tumors

Specific to mammary stroma Not specific to mammary 
stroma

- Myofibroblastoma, classic-type
- Myofibroblastoma, lipomatous 
variant
- Myofibroblastoma, palisaded 
variant
- Benign Fibroblastic Spindle 
Cell Tumor

- Leiomyoma
- Schwannoma/Neurofibroma
- Spindle cell lipoma
- Solitary fibrous tumor
- Myxoma
- Fibroma

Low-grade tumors, locally aggressive 
- Desmoid-type fibromatosis
- Dermatofibrosarcoma protuberans
Low-grade tumors with metastatic potential 
- Low-grade fibromatosis-like spindle cell carcinoma
- Low-grade myofibroblastic sarcoma
- Inflammatory Myofibroblastic Tumor

https://doi.org/10.32074/1591
mailto:g.magro@unict.it
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of the morphological and immunohistochemical dif-
ferences between fibroblasts and myofibroblasts 
when dealing with a spindle cell lesion of the breast. 
Recognizing a lesion as predominantly fibroblastic or 
myofibroblastic in nature may help in the diagnostic 
approach. Fibroblastic lesions are mainly or entirely 
composed of elongated spindle cells with scant, pale 
to slightly eosinophilic cytoplasm, elongated nuclei 
with absent or only inconspicuous nucleoli. Fibro-
blasts are usually stained with vimentin and CD34, 
generic mesenchymal markers lacking any specificity 
of differentiation cell lineage. Focal and weak staining 
with α-smooth muscle actin can be seen. Conversely 
myofibroblasts -modified fibroblasts with the capabil-
ity to contract- are plumper than fibroblasts, showing 
more abundant slightly to deeply eosinophilic cyto-
plasm and ovoid nuclei with evident small nucleoli. 
Unlike fibroblasts, myofibroblasts exhibit a more dif-

fuse and strong staining for α-smooth muscle actin; 
some lesions, like myofibroblastoma, are typically 
stained with desmin more than with α-smooth muscle 
actin. Finally, the pathologist should be aware that the 
neoplastic cells of the breast carcinoma, as like in 
other carcinomas, may adopt a spindled morphology 
raising confusion with benign/low-grade mesenchy-
mal lesions. This phenomenon is related to an epi-
thelial-mesenchymal transition, i.e. a biologic process 
due to plasticity of the cells, that consists in the pro-
gressive loss of epithelial morphological and immu-
nohistochemical features and gain of a mesenchymal 
cell profile, including the expression of vimentin and 
α-smooth muscle actin. Low-grade, fibromatosis-like 
spindle cell carcinoma is a prototypical example of an 
epithelial-mesenchymal transition 10. 
In our opinion, the tumor-like and tumor spindle cell 
lesions of the breast are often underrecognized, with 

Tab. II. Key diagnostic features.
Reactive Spindle Cell Nodule/Exuberant Scar: circumscribed and, at least focally, infiltrative margins; previous biopsy/FNA; α-smooth 
muscle actin-positive spindle cells; foamy and hemosiderin-laden macrophages, lymphocytes and foreign body giant cells; fat necrosis 
Nodular Fasciitis: circumscribed and, at least focally, infiltrative margins; α-smooth muscle actin-positive spindle cells; fibro-myxoid 
stroma, at least focally, with tissue culture-like appearance
Inflammatory Pseudotumor: circumscribed and, at least focally, infiltrative margins; α-smooth muscle actin-positive spindle cells closely 
intermingling with lymphocytes and plasma cells; previous history of local trauma/stimuli; ALK-1 is negative
Myofibroblastoma, Classic-type: circumscribed margins; desmin/CD34/α-smooth muscle actin-positive spindle cells; short intersecting 
fascicles interrupted by keloid-like collagen fibers 
Lipomatous Myofibroblastoma: circumscribed margins; desmin/CD34/α-smooth muscle actin-positive spindle cells with finger-like 
pseudo-infiltration into an intratumoral lipomatous component
Palisaded/Schwannian Myofibroblastoma: circumscribed margins; desmin/CD34/α-smooth muscle actin-positive spindle cells with 
formation of Verocay-like bodies; S100 protein is negative 
Benign Fibroblastic Spindle Cell Tumor: circumscribed margins; CD34-positive fibroblastic-like spindle cells; short intersecting 
fascicles; thick keloid-like collagen fibers; variable additional lipomatous component
Spindle Cell Lipoma: circumscribed margins; CD34-positive short spindle cells with bipolar cytoplasmic processes; variably admixed 
mature lipomatous component; at least focally, myxoid stroma with ropey collagen fibers
Fibroma: circumscribed margins; hypocellular, fibrosclerotic nodule with interspersed CD34-positive fibroblast-like spindle cells 
Solitary Fibrous Tumor: circumscribed margins; CD34/STAT6-positive fibroblast-like spindle cells, haphazardly arranged (pattern-less 
growth pattern); branching vessels, often with perivascular hyalinization 
Leiomyoma: circumscribed margins; interlacing fascicles of desmin/α-smooth muscle actin/h-caldesmon-positive spindle cells with the 
features of mature smooth muscle cells 
Myxoma: circumscribed margins; vimentin positive spindle to stellate cells embedded in an abundant myxoid stroma; atypical bizarre 
cells, along with thick keloid-like collagen fibers, can be seen 
Schwannoma/Neurofibroma: circumscribed margins; S100-positive spindle cells with formation of Verocay-bodies and alternating 
Antoni A and Antoni B areas (schwannoma); cells with wavy nuclei set in myxoid stroma with keloid-like collagen fibers (neurofibroma)
Desmoid-type Fibromatosis: finger-like infiltrative margins; α-smooth muscle actin and β-catenin-positive fibroblast/myofibroblast-like 
spindle cells arranged into long intersecting fascicles; the cells are often aligned parallel and are separated by collagenized stroma
Dermatofibrosarcoma Protuberans: circumscribed and, at least focally, infiltrative margins; CD34-positive fibroblast-like spindle cells; 
diffuse storiform growth pattern; low mitotic activity; finger-like or honeycomb infiltration of the adjacent fibro-fatty tissue 
Low-grade, Fibromatosis-like Spindle Cell Carcinoma: finger-like infiltrative margins; p63/cytokeratin-positive spindle cells with the 
features of fibroblasts/myofibroblasts; at least focally, small cohesive clusters of cytokeratin/p63-positive epithelioid-polygonal cells
Inflammatory Myofibroblastic Tumor: circumscribed and, at least focally, infiltrative margins; α-smooth muscle actin-positive spindle 
cells admixed with lymphocytes and plasma cells; no association with previous history of local trauma/stimuli; ALK-1 expression in about 
40-50% of cases
Low-grade Myofibroblastic Sarcoma: circumscribed and, at least focally, infiltrative margins; α-smooth muscle actin-positive 
myofibroblastic-like cells with mild/moderate nuclear pleomorphism and high mitotic activity (7 to 35 mitoses x 10 HPF); fascicular 
arrangement 
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confusion in the distinction between reactive versus 
neoplastic (benign or low-grade malignant) lesions. 
Although some difficulties are due the fact that differ-
ent names are often used to indicate the same entity, 
it is also true that a single name is applied to biolog-
ically different lesions. In addition, we think that po-
tential diagnostic errors are likely to occur because 
the pathologist: i) is faced with an unfamiliar lesion 
(myofibroblastoma; low-grade myofibroblastic sar-
coma; low-grade fibromatosis-like spindle cell car-
cinoma); ii) pathologist is not familiar with soft tissue 
pathology (nodular fasciitis; desmoid-type fibroma-
tosis; solitary fibrous tumor; low-grade myofibroblas-
tic sarcoma); iii) may encounter diagnostic difficul-
ties when dealing with a typical soft tissue lesion/tu-
mor occurring in an unexpected site, such as in the 
breast (nodular fasciitis, desmoid-type fibromatosis, 
solitary fibrous tumor, leiomyoma, schwannoma, 
spindle cell lipoma). The present overview focuses 
on the morphological and immunohistochemical fea-
tures helpful to recognize each single entity in the 
wide spectrum of the bland-looking spindle cell le-
sions of breast parenchyma (Tab. II). Representative 
illustrations along with the main diagnostic clues are 
provided (Tab. III). 

Reactive lesions

REACTIVE SPINDLE CELL NODULE/EXUBERANT SCAR 11-15

It should be suspected in presence of a fairly cir-
cumscribed nodule, arising after biopsy/FNAC or 
surgical procedures, composed of α-smooth mus-
cle actin-positive spindle cells with the features of 
myofibroblasts, set in a variably fibro-myxoid stroma 
containing both foamy and hemosiderin-laden mac-
rophages, lymphocytes and foreign body giant cells 
(Fig. 1A). Fat necrosis and entrapment or displace-
ment of normal mammary glands/ducts are frequent-
ly encountered (Fig. 1A,B). The reactive spindle cells 
may be, at least focally, arranged into short fascicles 
(Fig.  1C), focally exhibiting a storiform growth pat-
tern. Mitotic activity is low, ranging from 1 to 4 mito-
ses x 10 high power fields. 

NODULAR FASCIITIS 16-20

It should be suspected in presence of a nodule with 
partially circumscribed margins, composed of a pro-
liferation of α-smooth muscle actin-positive spindle 
cells with the features of myofibroblasts and brisk 
mitotic activity; the cells are arranged into short, not 
well-formed fascicles and focally in whorls or stori-
form growth pattern (Fig.  2A). The stroma, variably 

Tab. III. Differential diagnoses between benign versus low-grade lesions.
Nodular fasciits versus Desmoid-type Fibromatosis
Shared features: at least focally, infiltrative margins with entrapment of mammary ducts/lobules; α-smooth muscle actin-positive spindle 
cells in a variable fibro-myxoid stroma
Distinguishing features: desmoid-type fibromatosis shows long intersecting fascicles with cells aligned parallel, whereas nodular 
fasciitis exhibits cells haphazardly arranged or forming short fascicles with focal storiform growth pattern; unlike nodular fasciitis, 
desmoid-type fibromatosis is usually stained with β-catenin (nuclear staining)
Lipomatous Myofibroblastoma versus Desmoid-type Fibromatosis

Shared features: α-smooth muscle actin-positive spindle cells in a fibrous stroma, with finger-like extension into mature adipose tissue

Distinguishing features: desmoid-type fibromatosis exhibits infiltrative margins, whereas lipomatous myofibroblastoma shows pushing 
borders; adipose tissue is an integral part of the lipomatous myofibroblastoma, whereas adipose tissue in desmoid-type fibromatosis 
is mammary fat infiltrated by neoplastic cells; lipomatous myofibroblastoma is stained with desmin, CD34 and estrogen/progesterone 
receptors, whereas desmoid-type fibromatosis is negative to these markers, but positive for β-catenin
Classic-type Myofibroblastoma versus Low-grade Myofibroblastic Sarcoma
Shared features: circumscribed borders, α-smooth muscle actin-spindle cells arranged in short fascicles with variable fibro-myxoid 
stroma
Distinguishing features: low-grade myofibroblastic sarcoma is more cellular and the spindle cells show, at least focally, moderate 
nuclear pleomorpshism, nuclear overlapping, as well as high mitotic activity (7 to 35 mitoses x 10 HPF); myofibroblastoma is a tumor 
with absent to low mitotic activity (up to 2 mitoses x 10HPF), that variably co-expresses desmin, CD34 and estrogen/progesterone 
receptors
Desmoid-type Fibromatosis versus Low-grade Fibromatosis-like Spindle Cell Carcinoma
Shared features: infiltrative margins with entrapment of mammary ducts/lobules and fat; α-smooth muscle actin-positive spindle cells 
set in a fibrous stroma
Distinguishing features: desmoid-type fibromatosis shows long intersecting fascicles with cells often aligned parallel, but lacks 
pancytokeratins/p63-positive spindle to focally epithelioid-polygonal cells arranged in small cohesive clusters 
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myxoid with microcystic degeneration to fibrous in na-
ture (Fig. 2B) and containing red blood cells and lym-
phocytes, shows, at least focally, a tissue culture-like 
morphology (Fig. 2C). Mammary ducts/lobules can be 
entrapped, especially at the periphery of the lesion 
(Fig. 2A). Surgical excision is curative with rare local 
recurrence (< 2% of cases, including lesions incom-
pletely excised). 

INFLAMMATORY PSEUDOTUMOR 21-27

It should be suspected in the presence of a fairly cir-
cumscribed nodule arising in association with local 
trauma/stimuli; it is composed of α-smooth muscle 
actin-positive spindle cells with the features of myofi-
broblasts, closely intermingling with lymphocytes and 
plasma cells (Fig. 3A, B); cells are usually arranged 
in interlacing short bundles (Fig. 3C) or may exhibit 
swirling/storiform growth pattern; atypical/bizarre mo-
no- or multi-nucleated cells can be, at least focally, en-

countered (Fig. 3D); defining the boundaries between 
a reactive (inflammatory pseudotumor) versus a true 
neoplastic process (inflammatory myofibroblastic tu-
mor) still remains to be established. Surgical excision 
is curative.

Benign tumors

MYOFIBROBLASTOMA, CLASSIC-TYPE 28 29

It should be suspected in presence of a well-circum-
scribed nodule (Fig.  4A) composed of a prolifera-
tion of desmin/CD34/α-smooth muscle actin-positive 
spindle cells with the features of myofibroblasts, ar-
ranged into short, haphazardly intersecting fascicles 
interrupted by thick keloid-like collagen bands (Fig. 
4B). Focal storiform or neural-like growth patterns can 
be seen, including a minor component of neoplastic 

Fig. 1. Reactive spindle cell nodule/exuberant scar. (A) Fibro-inflammatory tissue with spindle cells; (B) fat necrosis is a 
diagnostic clue; (C) fibro-sclerotic stroma with interspersed spindle cells, entrapping a mammary duct.
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cells with epithelioid morphology. Mitotic activity is 
low (0-2 mitoses x 10 high power field). The stroma 
is usually fibrous to focally myxoid and may contain 
islands of mature adipose tissue. Mast cells are vari-
ably interspersed among neoplastic cells. Usually no 
entrapment of mammary ducts/lobules is seen. Surgi-
cal excision is curative.

LIPOMATOUS MYOFIBROBLASTOMA 30-33

It should be suspected in presence of a well-cir-
cumscribed fibro-fatty nodule (Fig.  5A), composed 
of a proliferation of desmin/CD34/α-smooth muscle 
actin-positive spindle cells with the features of myo-
fibroblasts that exhibit a finger-like pseudo-infiltration 
into an intratumoral lipomatous component (Fig. 5B). 
Although this pattern is reminiscent of desmoid-type 
fibromatosis or low-grade (fibromatosis-like) spindle 
cell carcinoma, tumor margins are pushing and not 
infiltrative (Fig.  5B); areas with the typical features 
of myofibroblastoma are identified, at least focally 
(Fig. 5C). Surgical excision is curative.

PALISADED MYOFIBROBLASTOMA 34-36 
It should be suspected in presence of a well-circum-
scribed nodule, histologically reminiscent of schwan-
noma (Fig.  6A). It is composed of desmin/CD34/α-
smooth muscle actin-positive spindle cells exhibiting 
a prominent nuclear palisading, with formation of 
numerous Verocay-like bodies: two compact rows 
of well aligned nuclei separated by myxoid matrix 
(Fig. 6A-C). Mitotic activity is low (0-2 mitoses x 10 
high power field). As in other myofibroblastoma var-
iants, keloid-like eosinophilic collagen fibers are dis-
persed throughout the myxoid stroma and between 
neoplastic cells; areas with the typical features of my-
ofibroblastoma can be seen, at least focally. Surgical 
excision is curative.

BENIGN FIBROBLASTIC SPINDLE CELL TUMOR 37-44

It should be suspected in presence of a well-circum-
scribed nodule (Fig. 7A) composed of a proliferation of 
CD34-positive spindle cells with the features of fibro-

Fig. 2. Nodular fasciitis. (A) Spindle cell proliferation with fibrous stroma and entrapped mammary ducts at the periphery 
of the lesion; (B) area with myxo-edematous stroma containing inflammatory cells (tissue culture-like appearance); (C) ex-
travasated erythrocytes can be seen.
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blasts arranged haphazardly, or in intersecting short 
fascicles with interspersed keloid-like collagen fibers 
(Fig. 7B); mitoses are absent to low (0-2 mitoses x 10 
high power field). The stroma is collagenized and may 
contain a prominent lipomatous component (spindle 
cell lipoma-like morphology). Surgical excision is cu-
rative.

SPINDLE CELL LIPOMA 45-48

It should be suspected in presence of a circumscribed 
nodule composed of a proliferation of CD34-positive, 
short spindle cells, variably admixed with mature ad-
ipocytes (Fig. 8A) and set in, at least focally, myxoid 
stroma containing ropey collagen fibers (Fig. 8B). In 
the myxoid areas the spindle cells often show long 
and thin bipolar cytoplasmic processes (Fig.  8B). 
Mitoses are absent or rare; mast cells are variably 

scattered throughout the tumor. Surgical excision is 
curative.

FIBROMA 43 49

It should be suspected in presence of a well-circum-
scribed, hypocellular nodule (Fig.  9A) composed of 
CD34-positive spindle cells with the features of fi-
broblasts, haphazardly dispersed in a heavily colla-
genized stroma (Fig.  9B) in which mammary ducts/
lobules can be entrapped; mitotic activity is absent. 
Surgical excision is curative.

LEIOMYOMA 50-53

It should be suspected in presence of a well-circum-
scribed nodule (Fig.  10A) composed of interlacing 
fascicles of desmin/α-smooth muscle actin/h-caldes-
mon-positive spindle cells with the features of mature 

Fig. 3. Inflammatory pseudotumor (male patient with local breast trauma).(A) Spindle cells intermingling with inflamma-
tory cells; (B) spindle cells are stained with α-smooth muscle actin; (C) spindle cells are arranged in a swirling growth pattern; 
(D) atypical/bizarre cells can be seen. 
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Fig. 4. Myofibroblastoma, classic-type. (A) A spindle cell tumor with pushing margins and numerous keloid-like collagen 
fibers; (B) cells, with eosinophilic cytoplasm and oval nuclei, are arranged in short fascicles with interspersed keloid-like col-
lagen fibers.

Fig. 5. Lipomatous myofibroblastoma. (A) Fibrolipomatous tumor with pushing borders; (B) the fibrous component exhibits 
a finger-like infiltration into the lipomatous component, but the margins are circumscribed; (C) tumor area with the character-
istics of classic-type myofibroblastoma: fascicles of spindle cells separated by keloid-like collagen bands.
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smooth muscle cells (deeply eosinophilic cytoplasm 
with elongated nuclei with blunt ends) (Fig. 10B); ab-
sent to low mitotic activity. Surgical excision is cura-
tive.

SOLITARY FIBROUS TUMOR 43 44 54-61

It should be suspected in presence of a well-cir-
cumscribed nodule (Fig.  11A) composed of CD34/
STAT6-positive spindle cells with the features of fi-
broblasts, low mitotic activity (<4 mitoses x 10 HPF), 
and haphazardly arranged in a fibrous to focally myx-
oid stroma containing branching vessels, often with 
perivascular hyalinization (Fig. 11B, C). Surgical exci-
sion is curative. Pathologists should always search for 
morphological features that can be associated with an 
aggressive clinical course, including >4 mitoses x 10 
HPF, nuclear pleomorphism, hypercellularity, necro-
sis, sarcomatous dedifferentiation.

MYXOMA 62-66

It should be suspected in presence of a well-cir-
cumscribed nodule (Fig.  12A) composed of vi-

mentin-positive spindle- to stellate-shaped cells 
dispersed in abundant/exclusive myxoid stroma 
(Fig.  12B); stromal microcystic spaces simulating 
lipoblasts are seen. Atypical/bizarre cells, as well as 
keloid-like collagen fibers, can be occasionally ob-
served (Fig. 12C). Mitotic activity is absent. Surgical 
excision is curative.

SCHWANNOMA/NEUROFIBROMA 51 67-76

It should be suspected in presence of a nodular mass 
with circumscribed margins, composed of S100-pos-
itive spindle cells with wavy nuclei and absent to low 
mitotic activity; schwannoma shows interlacing fasci-
cles and whorls, as well as palisading nuclei (Verocay 
bodies) and alternating hypercellular (Antoni A areas) 
and hypocellular (Antoni B) areas; in neurofibroma the 
spindle cells are usually haphazardly arranged in a 
slightly myxoid stroma containing thick collagen fibers. 
Surgical excision is curative.

Fig. 6. Palisaded/Schwannoma-like Myofibroblastoma. (A) Tumor with pushing borders, closely reminiscent of Schwan-
noma; (B) higher magnification showing nuclear palisading with formation of Verocay-like bodies; (C) cells, negative to S100 
protein, are stained with α-smooth muscle actin, revealing their myofibroblastic nature. 
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Low-grade tumors, locally aggressive

DESMOID-TYPE FIBROMATOSIS77-82

It should be suspected in presence of a nodular 
mass with finger-like infiltrative margins (Fig.  13A), 
composed of spindle cells with the features of both 
fibroblasts and myofibroblasts Characteristically the 
neoplastic cells, often aligned parallel, are arranged in 
long and sweeping fascicles set in a prominent fibrous 
to focally myxoid stroma (Fig.  13B,C). Mitoses are 
rare. These cells are variably stained with α-smooth 
muscle actin and β-catenin (nuclear staining in about 
80% of cases) (Fig. 13C). Desmoid-type fibromatosis 
is a locally aggressive tumor that can recur locally but 
with no metastatic potential. 

DERMATOFIBROSARCOMA PROTUBERANS 83-87

It should be suspected in presence of a nodular 
mass with relatively circumscribed margins, com-
posed of CD34-positive spindle cells with the fea-

tures of fibroblasts, low mitotic activity, and diffusely 
arranged in a storiform growth pattern with finger-like 
or honeycomb infiltration of the adjacent fibro-fatty 
tissue (Fig. 14 A-C). Radical excision is curative. Lo-
cal recurrence is usually due to incomplete surgical 
excision.

Low-grade tumors with metastatic 
potential

LOW-GRADE FIBROMATOSIS-LIKE SPINDLE CELL CARCINOMA 88-89

It should be suspected in presence of a nodular 
mass with finger-like infiltrative margins (Fig.  15A), 
composed of p63/cytokeratin-positive spindle cells 
(Fig. 15B) and low mitotic activity; variable co-expres-
sion of α-smooth muscle actin can be seen. The iden-
tification, at least focally, of epithelioid-polygonal cells 
arranged in small cohesive clusters (Fig. 15C), better 
highlighted by immunohistochemistry (Fig. 15D) is the 

Fig. 7. Benign fibroblastic spindle cell tumor. (A) A fibrous tumor with circumscribed borders; (B) spindle cells look like 
fibroblasts and are arranged in short fascicles set in a collagenized stroma.
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Fig. 8. Spindle cell lipoma. (A) A fatty-tumor with interspersed fibro-myxoid areas; (B) higher magnification: myxoid area 
showing spindle cells with long cytoplasmic bipolar processes and ropey collagen fibers. 

Fig. 9. Fibroma. (A) A fibrous hypocellular tumor with circumscribed margins; (B) higher magnification showing fibroblast-
like spindle cells set in a collagenized stroma. 
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Fig. 10. Leiomyoma. (A) Spindle cell tumor with circumscribed borders and fascicular growth pattern; (B) higher magnifica-
tion showing smooth muscle cells with deep eosinophilic cytoplasm. 

Fig. 11. Solitary fibrous tumor. (A) Spindle cell tumor with pushing margins; (B) neoplastic cells are set in a fibrous stroma 
containing branching blood vessels with perivascular fibrosis; (C) neoplastic cells show diffuse nuclear staining with STAT-6. 
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LOW-GRADE MYOFIBROBLASTIC SARCOMA 95-98

It should be suspected in presence of a nodular 
mass with relatively circumscribed margins, com-
posed of a proliferation of mitotically active (from 7 to 
35 mitoses x 10 HPF) spindle cells with the features 
of myofibroblasts, showing, at least focally, moder-
ate nuclear pleomorphism, fascicular arrangement 
and variable staining for α-smooth muscle actin. 
This tumor, which can recur locally, has metastatic 
potential. 

CONFLICT OF INTEREST STATEMENT

None declared.

main diagnostic clue for this type of carcinoma. A mi-
nority of squamous nests and/or small-sized neoplas-
tic glands can be encountered. Estrogen/progester-
one receptors and HER2 are negative (triple-negative 
carcinoma). This carcinoma can recur locally, with low 
metastatic potential (lymph node or distant metasta-
ses). Radical excision is curative in most cases. 

INFLAMMATORY MYOFIBROBLASTIC TUMOR 90-94

It should be suspected in presence of a nodular mass 
with relatively circumscribed margins, with morpho-
logical features similar to inflammatory pseudotumor, 
arising without apparent correlation with local trauma/
stimuli; ALK-1 expression favors this diagnosis. Sur-
gical excision is curative with local recurrence docu-
mented in about 15-20% of cases. Rarely distant me-
tastases have been reported. 

Fig. 12. Myxoma. (A) A myxoid tumor with circumscribed margins; (B) higher magnification showing spindle and stellate 
cells embedded in abundant myxoid stroma; stromal microcystic spaces look like univacuolated lipoblasts; (C) neoplastic 
cells may exhibit nuclear atypia (bizarre cells) and the myxoid stroma may contain keloid-like collagen fibers.
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Fig. 13. Desmoid-type Fibromatosis. (A) Fibrous proliferation with infiltrative margins; (B) bland-looking spindle cells en-
trap pre-existing mammary ducts; (C) higher magnification showing spindle cells aligned parallel and separated by a fibrous 
stroma. Neoplastic cells show nuclear expression of β-catenin (insert).

Fig. 14. Dermatofibrosarcoma protuberans. (A) Spindle cell tumor surrounding pre-existing duct/lobular units; (B) the 
neoplastic cells diffusely infiltrate adipose tissue; (C) neoplastic cells are diffusely stained with CD34. 
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Fig. 15. Low-grade fibromatosis-like spindle cell carcinoma. (A) Low-magnification showing a fibrous tumor with finger-
like infiltrative margins; (B) bland-looking spindle cells are set in a fibrous stroma and exhibit a fascicular arrangement; (C) 
some tumor areas show single or small groups of round to epithelioid cells scattered throughout the fibrous stroma; (D) 
these neoplastic cells show nuclear expression of p63. 

Fig. 16. Low-grade myofibroblastic sarcoma. (A) Low-magnification showing a hypercellular tumor with pushing borders; 
(B) the neoplastic cells, with the morphological features of myofibroblasts, are arranged in short intersecting fascicles; (C) 
neoplastic cells are diffusely stained with α-smooth muscle actin.
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Summary
Mesothelial reactive and degenerative changes secondary to inflammatory conditions, toxin exposure, neoplastic and non-neoplastic dis-
ease are often encountered in routine histopathology practice. Herein, we report a very rare case of pleural chronic inflammation with 
features suggestive for IgG4-related disease associated with the formation of a nest of mature, benign looking cartilage in the pleura of a 
middle age male patient. The review of the pertinent literature reveals that to date, only few cases of chondroid metaplasia or benign tumor 
(choristoma) are reported in mesothelium and only occasionally in this change is found in the pleura.
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Introduction

Mesothelium can react to different stimuli (of inflam-
matory, chemical, toxic, neoplastic origin) with in-
flammation, fibrosis necrosis and other degenerative 
changes. One of the most peculiar, albeit rarely seen 
changes is the development of mesenchymal derived 
tissues such as bone or cartilage. The pathogenesis 
of this condition is still not fully understood and further 
studies are needed in order to define the mechanisms 
at the origin of this rare form of metaplasia.

Case report

A 51-years-old male came to clinical attention for a 
five weeks history of breathlessness. The patient, who 
worked as a driver and in construction, had a signifi-
cant smoking habit (30 cigarettes per day), diabetes, 

hypertension and high cholesterol blood levels under 
treatment. Imaging showed a moderate left pleural 
effusion with no evidence of specific features on CT. 
PET showed moderately avid lymph nodes in the par-
atracheal and AP window regions but no evidence of 
activity in the pleura (Fig. 1).
The thoracentesis drained 300 ml of blood stained 
fluid which showed no evidence of atypical/malignant 
cells on cytology examination.
During the lung multidisciplinary meeting it was decid-
ed to proceed with thoracoscopic pleural biopsies and 
talc pleurodesis.
The pleural biopsies were represented by multiple frag-
ments of cream and yellow fat tissue with fibrotic consis-
tency, measuring on aggregate up to 30 x 25 x 10 mm. 
The gross examination did not enlighten obvious pleu-
ral plaques or focal abnormalities. The tissue was en-
tirely submitted for histological assessment.
Microscopy examination showed reactive mesothelial 
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tissue covering stroma and fat tissue with patchy fibro-
sis. The fibrotic tissue did not show storiform pattern, 
collagen necrosis or dysplasia. The fibrosis was asso-
ciated with a moderate to severe chronic inflammation 
with a prominent plasma cell component and some 
pigment-laded histiocytes, but there was no evidence 
of granuloma formation. The fibrotic stroma showed 
areas of hyalinization and formation of cartilaginous 
tissue featuring bland, benign looking chondrocytes. 
There was no evidence of vasculitis, obliterative phle-
bitis, necrosis, dysplasia or malignancy.
Immunohistochemistry and special stains confirmed 
the presence of reactive mesothelial cells (Calretinin 
and CKAE1/AE3  +), polytypic benign plasma cells 
(Kappa and Lambda chains stains +) and the absence 
of amyloid (Congo Red -). The presence of patchy ar-
eas of increased, polyclonal plasma cells associated 
with fibrosis raised the concern of a possible IgG4-re-
lated disease. The presence of the chondroid metapla-
sia itself did not influence this suspect as no data are 
available in literature to support a relationship between 
chondroid metaplasia and this entity. The stain for IgG4 
showed an increased number of IgG4 + plasma cells 
focally up to 50 cells/HPF. In these fields the IgG4+/IgG 
ratio was occasionally more than 40% (Figg. 2-3). The 
overall appearance, together with the special stains 
and immunohistochemical features was compatible 
with moderate to severe chronic inflammation with fea-
tures suggestive, but not entirely diagnostic for IgG4-re-
lated disease. However, the absence of diffuse fibrosis 

and phlebitis was not entirely supportive for a diagnosis 
of IgG4 related disease and serology levels were re-

Fig. 1. A and B: CT Thorax with contrast. Large left pleu-
ral effusion with underlying compression atelectasis of the 
basal segment of the left lower lobe and lingual; C and D: 
Post op Chest X-Ray showing progressive reduction of the 
effusion.

A B

C D

Fig. 2. A and B: Islands of chondroid metaplasia in the pleu-
ral tissue (H&E 2X); C: Chondroid tissue highlighted by S100 
(IHC 4X); D: Lymphoplasmacellular infiltrate (H&E 2X); E 
and F: Inflammatory infiltrate IgG and IgG4 staining (2X).

Fig. 3. Magnification of the mature chondroid metaplastic 
tissue (H&E 10X).

A

B
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quested for confirmation. Serum IgG4 resulted within 
normal limits, thus excluding the diagnosis of IgG4-RD.

Discussion and review of literature

The most important features of this biopsy were the 
plasma cell rich chronic inflammation and the forma-
tion of ectopic chondroid tissue. Chondroid metapla-
sia is a relatively uncommon finding which has been 
described in different anatomical sites and conditions 
(both neoplastic and non-neoplastic), but is rarely re-
ported in mesothelium 1 and even more occasionally 
in pleura. Chondroid metaplasia has been reported 
in tongue 2, head and neck 3-5, breast 6 7, lung 8 and 
brain 9. Formation of ectopic, metaplastic cartilage in 
the mesothelium is rare and only a few cases are re-
ported in the literature 10-15.
The pathogenesis of benign-looking cartilaginous 
tissue in mesothelium covered anatomic sites is still 
not fully understood. Some authors speculate that a 
population of sub-mesothelial pluripotent stem cells 
could differentiate towards mesenchymal and chon-
droid phenotypes 11 13. Other factors such as previous 
surgery, trauma, hemorrhage, abortion, ectopic preg-
nancies, teratomas or other neoplasms (both benign 
and malignant) have been considered as pathogenet-
ic factors 10-12. 
As shown in the Table the presence of metaplastic 
cartilaginous tissue is rare in pleura: in 1931 Klem-
perer et al. reported chondroid metaplasia in a series 
of pleural tumors  13 (although it was not possible to 
identify the exact number of metaplasia cases in this 
study), and in 2014 Walsh et al. reported a case of 
chondroid metaplasia within a rare pleural lipoma 14.
The present case is peculiar for its rarity and the lack 
of association with neoplasia. It presented itself as a 
focal area of well defined, mature and S-100 + carti-
lage on the background patchy, non storiform fibrosis 
and prominent lymphoplasmacellular inflammatory in-

filtrate. One of the most relevant features of our case 
is the association with several, polytypic active plasma 
cells which, in areas, were expressing the IgG4 phe-
notype. The presence of this specific plasma cellular 
phenotype raised the possibility of a systemic IgG4-re-
lated disease, thus clinical and serological correlation 
was strongly recommended in the histopathology re-
port. The serology results came back as negative for 
pathologic IgG4 levels in blood, and thus a diagnosis 
of IgG4-Related disease was excluded.
Our case showed only one of three histopathological 
criteria, but clinical and serological results were neg-
ative. The review of the pertinent literature 15-17 did not 
enlighten the development of chondroid metaplasia in 
the specific settings of IgG4-RD. However, it is pos-
sible that inflammatory-related molecules produced 
by activated plasma cells, or the specific micro-en-
vironment favored by the chronic inflammation may 
lead to a local increased expression of matrix and 
osteo-cartilaginous molecules (such as ostepontin, 
osteonectin, CD68, different cytokines and interleu-
kins) which could promote the differentiation of fibro-
blasts and mesenchymal stem cells into the chondroid 
phenotype  10 11 15 18 19. A similar pathway is known in 
the development of heterotopic ossification in several 
organs (thyroid, soft tissue, gastro-intestinal and ge-
nito-urinary tracts) as a reactive/dystrophic reaction 
to many different neoplastic and non-neoplastic dis-
orders including ischemia, necrosis, hemorrhage and 
fibrosis 19.

Conclusions

We report here a rare case of pleural cartilaginous 
metaplasia on the background of a chronic inflam-
mation rich in IgG4+ plasma cells. Our case can be 
considered of interest for the rarity of the chondroid 
metaplasia itself and for its possible association with a 
chronic systemic inflammatory disease such as IgG4-

Tab. I. Chondroid metaplasia in mesothelium: review of literature.
Author Year Site Surgery/trauma No. of cases
Jacubowitz et al. 1930 Peritoneum Not known Not known
Klemperer et al. 1931 Pleura Not known Not known
Roth et al. 1966 Uterine serosa Not reported 2
Fadare et al. 2002 Peritoneum Not reported 2
Houang et al. 2010 Pelvic peritoneum Yes 1
Walsh et al. 2014 Pleura (within pleural lipoma) No 1
Kaur et al. 2017 Pelvic peritoneum, broad ligament Yes 1
Nwanze et al. 2018 Peritoneum surface at porta hepatis No 1
Franceschi et al. 2018 Peritoneum Not reported 2
Present case 2018 Pleura No 1
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RD. Only occasional cases of pleural chondroid meta-
plasia have been reported in the literature to the best 
of our knowledge and none was related with such a 
peculiar background. 
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Summary
Malignant peripheral nerve sheath tumor (MPNST) is an uncommon malignant tumor often associated with Neurofibromatosis type 1 (NF1). 
Although different soft tissue mesenchymal tumors may arise in the bladder, MPNST is a very rare occurrence. Here, we present a case of 
MPNST of the bladder in a 50 year old patient with NF1 with involvement of the entire wall of the organ leading to a functional exclusion. The 
principal differential diagnoses and a short review of the literature are presented.
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Introduction

Urothelial cell carcinoma is the most frequent malig-
nant tumor of the bladder and may show various di-
vergent differentions, most frequently squamous cell 
carcinoma or adenocarcinoma differentiations. Sarco-
matoid features are also a possible finding, particularly 
in muscle infiltrating urothelial cell carcinoma. Hence, 
when dealing with a malignant mesenchymal-like tu-
mor of the bladder a sarcomatoid carcinoma must be 
ruled out  1, and this is a frequent diagnostic experi-
ence in the daily practice of microscopical examina-
tion of the chips of transurethral resection of the blad-
der (TURB). 
Nevertheless, besides rhabdomiosarcoma, which is 
the most common malignant bladder tumor in infan-
cy  2, primary bona fide sarcomas of the bladder in 
adult are a rare but real occurrence and have been 
described in the literature, although only in small se-
ries or isolated case reports  3. They are mainly rep-
resented by leyomiosarcoma  4 and angiosarcoma  5. 
MPNST is the among the rarest sarcomas arising in 
the urinary bladder and only a few cases have been 
documented, predominantly in middle aged patients, 

with complaints of hematuria 6 7. Some of those cases 
arose in the setting of neurofibromatosis type 1 (NF1), 
probably originating from neurofibromas of autonomic 
nerve plexuses of the bladder wall 8 9. 
In this paper, we describe a case of MPNST of the 
bladder in a patient affected by NF1, with the involve-
ment of the entire organ. The differential diagnoses of 
the case are presented.

Case report

A 50-year-old man without history of cigarette smoking 
and affected by NF1, with a previous diagnosis of skin 
neurofibroma, was admitted to the Urology Division of 
Sant’Anna Hospital of Como for numerous episodes of 
urinary retention and sepsis. After radiological investi-
gations, a prostate trans-uretral resection (TURP) was 
performed with a histologic diagnosis of fibroleyomi-
omatous hyperplasia. Nevertheless, urinary function 
did not improve; therefore, laboratory tests and further 
radiological investigations were performed. CT scan 
showed a full thickness neoplastic growth of the blad-
der with a diffuse involvement and irregular polipoid 
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thickening of the wall and involvement of the entire or-
gan, without a distinctive mass (Fig. 1). Since bladder 
function was compromised by the tumor, the patient 
underwent a cistoprostatectomy. 
On gross examination, the bladder wall was diffuse-
ly thickened, and showed hard consistency with grey 
to white tissue on cut surface, with subtotal vanishing 
of the normal detrusor muscle, although without the 
finding of appreciable nodules in muscolaris propria 
and/or mucosal lesions; hence a broad sampling was 
performed. 
At histological examination we observed normal and 
intact urothelium that was lining a diffuse spindle cell 
proliferation with bland aspect in the more superficial 
layers of the wall, with comma-shaped nuclei and col-
lagenous extracellular matrix (Fig.  2); more deeply 
in the wall a denser cellular proliferation, particularly 
around vessels, with prominent cytological atypia, mi-
toses, and infiltrative pattern of growth were present 

(Fig. 3). The tumor was in close contact with periph-
eral nerves. 
Considering the possible differential diagnoses, the 
absence of a residual urothelial carcinoma in situ to-
gether with the absence of cytokeratin immunoreac-
tivity of the tumor, excluded a mixoid variant of sarco-
matoid carcinoma. Moreover, the diffuse involvement 
of the organ without polipoid masses, the absence of 
inflammation and the presence of prominent atypia 
were not compatible with a myofibroblastic inflamma-
tory tumor. Likewise, atypia and infiltrative pattern of 
growth were not compatible with a large neurofibroma 
or with other benign entities. Moreover, absence of 
fascicles and cytological features were not suggestive 
of a leyomiosarcoma; finally, the lack of lipoblasts and 
a proper vascular network ruled out a liposarcoma. 
We performed a wide panel of immunohistochem-
ical stainings that showed tumor immunoreactivity 
for S100, p16, neurofilaments, CD56 and negative 

Fig. 1. CT scan diffuse involvement of the bladder with uneven thickening of the entire wall.
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staining for cytokeratin pool, EMA, MDM2, p63, ALK, 
CD117, DOG1, myogenin, desmin and actin smooth 
muscle.
On the basis of the morphological and immunohis-
tochemical features of the tumor, as well as on the 
basis of the presence of an association with NF1, we 
reached a diagnosis of malignant peripheral nerve 
sheath tumour. 
Interestingly, during a surgical bowel recanalization 
performed after a few months, numerous small nod-
ules were found, histologically identified as multiple 
gastrointestinal stromal tumor (GIST).

Discussion

Malignant peripheral nerve sheath tumours main-
ly affect adults with a roughly equal sex distribution 
and tend to occur at a younger age in patients with 
NF1 10 11, with a peak incidence in the fourth decade. 
NF1, called also von Recklinghausen disease from 
the first clinical description, is an autosomal dominant 
disorder characterized by cafè au lait spots, axillary 
and inguinal freckels, Lisch nodule of the iris, two or 
more neurofibromas including plexifom neurofibroma, 
distinctive bone lesions such as sphenoid dysplasia 
and coexistence with a variety of neoplasms such as 
optic gliomas, higher grade astrocytic neoplasms and 
pheochromocytomas. 
NF1 is a common genetic disease with a high rate of 
penetrance and affects approximately 1 in 3500 new-
borns. At the basis of this disease are germ line mu-
tations (i.e. deletions, insertions, stop mutations and 
splicing mutations) causing inactivation of the NF1 tu-
mor suppressor gene located on 17q11.2. Interestingly, 
the large size of the NF1 gene, the different mutations 
and the complexity of the disease are at the base of 
the extremely variable expressivity of the disease 10 11. 
A very important problem in patients with NF1 disease 
is posed by malignant neoplastic occurrences. The 
exact incidence is not determinated but the lifetime 
risk of developing MPNST in NF1 patients is 5 to 10-
13% 10 11 13, while it is 0.001% in the general population; 
moreover, individuals with NF1 microdelection have 
16-26% risk  12 of malignant transformation. MPNST 
in NF1 mainly arise in the extremities, followed by the 
trunk and the head/neck area. Patients with MPNST 
associated with NF1 have a poorer outcome than spo-
radic cases and this neoplasm is the main cause of 
death in patients with NF1 13. 
The occurrence of MPNST arising in the bladder is 
extremely rare with only a few cases reported in the 
literature 6-9, and never with such an entire organ in-
volvement. Two of them arose from a malignant trans-
formation of previous neurofibroma in the setting of 
NF1 8 9, and two cases occurred sporadically 6 7, in one 
case 7 presenting at the microscope in an epithelioid 
variant. In these former cases, MPNST have been ob-
served arising from the trigone and from the lateral or 
posterior walls of the bladder, with multiple nodules 
with surface ulceration and areas of necrosis. The tu-
mor sometimes infiltrated focally the entire thickness 
of the bladder wall, with involvement of perivesical soft 
tissues or pelvic peritoneum, or may exhibit metasta-
ses 7. 
In our patient there were urological symptoms due to a 
mass effect and we had no information about previous 
lesions or deep-seated plexiform neurofibroma. How-

Fig. 2. Mesenchymal hypocellular proliferation of the subep-
ithelial more superficial fascicles of the tumor (H&E 10x PF).

Fig. 3. Hypercellular proliferation of MPNST (H&E 40x PF) 
with involvement of muscolaris propria bundles and nuclear 
atypia.
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ever, in our case the presence of von Recklinghausen 
disease helped us to frame the lesion in the correct 
clinical context and the findings of mitosis and atypia 
as well as the phenotype supported us in achieving 
the diagnosis of MPNST. Moreover, the multiple gas-
trointestinal stromal tumors (GIST), identified during 
a surgical bowel recanalization performed after a few 
months, represent described gastrointestinal manifes-
tations of NF1 14.
The differential diagnosis between neurofibroma and 
low grade MPNST is difficult 15 because these lesions 
represent a histological continuum without clear histo-
logical demarcation. Indeed, in the literature no clear 
cut-off for mitotic index or atypia indicating malignancy 
is reported, although a poorer prognosis is associated 
with large tumors (with size varying from 5 to 7 cm 
in different studies), association with NF1, a mitotic 
index of greater than 6/10x high-power fields and in-
complete resection 10. 
Effective targeted molecular treatments are still lack-
ing, hence surgical resection remain the main treat-
ment, also in young patients 10 16. The recurrence rate 
is up to 40%, frequently with subsequent hematoge-
nous metastasis. Five-year survival has varied in se-
ries from 26 to 60%, and 10-year survival is approxi-
mately 45% 10. At 18 months after surgery our patient 
had no signs of recurrence.
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Summary
A case of a patient with type 2 papillary renal cell carcinoma with eosinophilic cytoplasmatic inclusions is presented. About 50% of tumor 
cells were characterized by a well-circumscribed intra-cytoplasmatic round-to-oval or irregular inclusion/globule. Inclusions were 7-30 micron 
in diameter. They were glassy and pale to slightly eosinophilic in color in hematoxylin and eosin, were stained red by trichrome and were 
negative for periodic acid-Schiff reaction. Immunohistochemically, globules were negative for PAX8, epithelial membrane antigen, Carbonic 
Anhydrase IX, pan-cytokeratin (AE1/AE3), CD10, S100 protein, α-smooth-muscle actin, cytokeratin 7 and cytokeratin 34βE12. Glassy hya-
line globules were not detected in any adjacent normal kidney cells. The presence of eosinophilic cytoplasmic inclusions in renal cell carci-
noma, especially in papillary renal cell carcinoma, has been rarely emphasized in the literature. In this article, we review similar cases in the 
literature and discuss the nature of eosinophilic globules.
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Introduction

Papillary renal cell carcinoma (PRCC) is the second 
most commonly encountered morphotype of renal cell 
carcinoma (RCC). Among adults the mean age distri-
bution is 59-63 years  1. Tumors are usually confined 
to the cortex within the renal capsule at the time of 
nephrectomy 2. The cut surface of PRCC vary in color 
from gray to yellow to red-brown. The tumor is well 
circumscribed with a fibrous pseudo-capsule. It may 
contain intra-tumoral hemorrhage and necrosis and/or 
cystic degeneration. It is derived from renal tubular ep-
ithelium and has a papillary or tubulo-papillary archi-
tecture. Some tumors show a predominantly tubular 
architecture or a solid appearance caused by papillae 
tightly packed 3. Papillae have delicate or hyalinized fi-
brovascular cores, that often contain psammoma bod-
ies and foamy macrophages, covered by single layer 
or by pseudostratified layers of epithelial cells. PRCC, 
although not reported by I.S.U.P/W.H.O. 2016, has 

been separated in two subtypes, based on morpho-
logic features  4 5: a) Type 1 carcinoma have papillae 
covered by single layer of small epithelial cells with 
scanty, pale, usually basophilic cytoplasm; b) Type 2 
carcinoma have papillae covered by pseudo-stratified 
large cells with voluminous eosinophilic cytoplasm 
and higher nucleolar grade. Approximately 5% of 
PRCCs show sarcomatoid changes  4. Renal tumors 
showing papillary architecture but also features of rec-
ognized morphotypes of RCC (i.e. collecting duct car-
cinoma, mucinous tubular and spindle cell carcinoma, 
hereditary leiomyomatosis and RCC-associated RCC, 
and MiT family translocation RCC) should not be di-
agnosed as PRCC  1. Immunohistochemical studies 
of PRCC show positive reactions for cytokeratin AE1/
AE3, CAM5.2, high molecular weight cytokeratins, ep-
ithelial membrane antigen, AMACR, RCC antigen, vi-
mentin, CD10, PAX8, PAX2 3-8. Eosinophilic inclusions 
are the light microscopic manifestations of aggregates 
of cytoplasmic products or organelles, visualized with 
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hematoxylin and eosin (H&E). The presence of glassy 
hyaline globules (GHG) in renal carcinomas has been 
rarely emphasized in the literature, in particular in 
PRCC 9-15. Here, we report a case of eosinophilic cy-
toplasmic inclusions in PRCC, with review of the liter-
ature.

Materials and methods

Fixation of tissue is carried out in 10% neutral buffered 
formalin for 24 hours. Once tissue is embedded in par-
affin, a 3-4 micron tissue section is cut onto charged 
glass slides. Positive and negative controls were pres-
ent into the tissue or added on the glass.
The detection system for immunostaining is BOND 
Polymer Refine Detection on staining platform LEICA 
BOND III. 30 min at 100°C in Bond Epitope Retriev-
al Solution 1 used to antigen retrieval for antibod-
ies: α-smooth-muscle actin (clone AB1-1A4; Dako; 
1:1000), Epithelial Membrane Antigen (clone E29; Da-
ko; 1:500), Immunoglobulin light chains λ (polyclonal; 
Dako; 1:100.000), CD10 (clone 56C6; Leica; 1:50); 20 
min for antibody PAX8 (clone Mrq50; Menarini; 1:800) 
and Immunoglobulin light chains κ (polyclonal; Dako; 
1:50.000); 15 min for antibody Carbonic Anhydrase IX 
(clone TH22; Leica; 1.50); 40 min for antibody Cytoker-
atin 34βE12 (clone 34βE12; Menarini; 1:100); 30 min 
at 100°C in Bond Epitope Retrieval Solution 2 for an-
tibody alpha-methylacyl-CoA racemase (clone 13H4; 
Dako; 1:1000); 10 min at 37°C with Bond Epitope Re-
trieval Enzyme for antibodies Cytokeratin 7 (clone OV-
TL 12/30; Menarini; 1:500) and pan-cytokeratin AE1/
AE3 (clone AE1/AE3; Cell Marque; 1:1000); nothing 
retrieval for S100 protein (polyclonal; Leica; 1:1000).

Case report

In July 2019 a 71-year-old man with a past history of 
prostatic hyperplasia came to our hospital for hema-
turia and flank pain. Computer tomography (CT) de-
tected a renal mass. Extensive clinical examination re-
vealed no signs of metastasis. The patient underwent 
right radical nephrectomy. The patient’s post-operative 
course was without complications. The specimen ob-
tained by nephrectomy weighed 1200 g, with a 12 x 10 
x 8 cm well circumscribed mass in the kidney. The cut 
surface varied from light gray to red-brown, with intra-
tumoral hemorrhage and necrosis (80% of tumor). The 
tumor showed extension to peri-renal tissues, without 
extension to fascia of Gerota (distance 1 mm), renal 
vein, vena cava and lymph nodes (pT3a, A.J.C.C. 8th 

Ed.) 16. Histologically the tumor was circumscribed by a 

fibrous pseudo-capsule (Fig. 1A). The pseudo-capsule 
was incomplete, with tumor tissue focally intermixed 
with renal parenchyma. The tumor showed a predomi-
nantly tubule-papillary architecture with occasional 
solid areas (Fig. 1B). Papillae showed delicate or hya-
linized fibrovascular cores, that sometimes contained 
foamy macrophages. No psammoma bodies were de-
tected. Papillae were covered by a single layer or pseu-
do-stratified layers of large epithelial cells with volumi-
nous eosinophilic cytoplasm, with large and spherical 
or light irregular nuclei, with prominent nucleoli (grade 
3; I.S.U.P./W.H.O. 2016)  1 (Fig.  1C). Approximately 
5% of tumor showed sarcomatoid change (grade 4; 
I.S.U.P./W.H.O. 2016) 1 (Fig. 1D). About 50% of tumor 
cells were characterized by a well-circumscribed intra-
cytoplasmatic round-to-oval or irregular inclusion/glob-
ule with a halo. Inclusions were 7-30 micron in diameter. 
They were glassy and pale to slightly eosinophilic in 
color in H&E (“glassy hyaline globules”). Glassy hyaline 
globules were stained red by trichrome staining, but 
stained negatively with periodic acid-Schiff (PAS) with 
or without diastase treatment (Fig. 3), silver and Hale’s 
colloidal iron. Glassy hyaline globules were not de-
tected in any adjacent normal kidney cells. A moderate 
number of small lymphocytes and plasma cells were 
interspersed throughout the tumor. Immunohistochemi-
cal studies showed diffuse expression of PAX8, alpha-
methylacyl-CoA  racemase and epithelial membrane 
antigen, only focal reaction for Carbonic Anhydrase IX 
and pan-cytokeratin (AE1/ AE3), and negative staining 
for immunoglobulin light chains κ and λ, CD10, S100 
protein, α-smooth-muscle actin, cytokeratin 7 and cyto-
keratin 34βE12 (Fig. 2). Immunohistochemistry indicat-
ed that the eosinophilic inclusions were negative for all 
antibodies studied. We did not perform electron micros-
copy evaluation of eosinophilic inclusions. At the time 
of nephrectomy total body nuclear magnetic resonance 
was negative. Four months later nuclear magnetic res-
onance showed bilateral pleural effusions, subcapsular 
hepatic nodule, suspected for metastasis, and multiple 
bone metastasis. A bone biopsy of iliac crest showed 
epithelial atypical cells organized in cellular cords with 
“renal phenotype” by immunohistochemistry: expres-
sion of cytokeratin (AE1/AE3), CD10, PAX8, Carbonic 
Anhydrase IX, and Vimentin (Fig. 3).

Discussion

In the literature, the presence of glassy hyaline glob-
ules in renal carcinomas has been rarely discussed, 
in particular in PRCC 9-15. Eosinophilic inclusions can 
be positive or negative in PAS with or without diastase 
treatment  9  13  15 and are usually stained red with tri-
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chrome 9 13 15. The eosinophilic cytoplasmic inclusions 
in the present case were PAS negative but stained red 
with trichrome. It has been suggested GHG may be 
aggregations of intermediate filaments (i.e. Mallory 
bodies), but no antigenic expression has been detect-
ed in immunohistochemistry. Ultrastructurally, intracy-
toplasmic eosinophilic inclusions consist of a central 
dense granular layer surrounded by membrane-bound 
oval organelles containing dense substances, and an 
outermost layer of clear space between the inclusion 
and cytoplasmic organelles 11 17. They may consist of 
accumulation of an amorphous secretion of stellate 
shape inside of the cisternae of the rough endoplas-
mic reticulum 9 10. Eosinophilic cytoplasmic inclusions 
were detected in 49 of 64 clear cell RCCs and in 5 of 
33 PRCCs, but no GHG were found in 22 cases of 
chromophobe cell carcinomas and 26 renal oncocy-

tomas 9. In clear cell RCC, Paneth cell-like granules, 
which are closely packed, variably sized eosinophil-
ic cytoplasmic inclusions, have been detected. They 
are confined to the apical portion of the cytoplasm, 
positive with PAS with and without diastase digestion 
and negative with trichrome stain. Ultrastructurally, 
these inclusions consist of an electron-dense single 
membrane-bound structure, which is consistent with 
lysosomes 16. Also, in RCC and oncocytoma PAS-pos-
itive spherical globules, which are accumulations of 
basement membrane material, have been detected 
in extracellular location 19. Several types of inclusions 
have been identified in renal neoplasms. GHG are a 
characteristic feature of clear cell RCC and in a small 
minority of papillary renal cell carcinomas, but not in 
chromophobe RCC and oncocytoma. Thus, the pres-
ence of GHG in a renal cell tumor may be useful for 

Fig. 1. Hematoxylin and eosin. (A) The tumor was well circumscribed with a fibrous pseudo-capsule. (B) Tubule-papillary 
architecture; papillae showed delicate or hyalinized fibrovascular cores, with inflammatory cells and occasional foamy mac-
rophages. (C) Papillae were covered by atypical epithelial cells characterized by a well-circumscribed intra-cytoplasmatic 
round-to-oval or irregular inclusion with a halo. (D) Approximately 5% of tumor showed sarcomatoid changes.
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excluding a diagnosis of chromophobe cell carcinoma 
or oncocytoma.
In conclusion, we present a rare case of papillary type 

2 carcinoma with intra-cytoplasmic glassy hyaline 
globules, focal sarcomatoid differentiation, and ag-
gressive behavior.

Fig. 2. Immunohistochemistry reactions. (A) Focal expression of pan-cytokeratin AE1/AE3. (B) Diffuse expression of PAX 8. 
(C) Negative staining for cytokeratin 7 (two normal tubules positive). (D) Focal expression of carbonic anhydrase IX. (E) Dif-
fuse expression of alpha-methylacyl-CoA racemase, with negative eosinophilic cytoplasmic inclusions. (F) Diffuse expression 
of epithelial membrane antigen, with negative eosinophilic cytoplasmic inclusions.
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Summary
In 1865, Enrico Sertoli, at the age of 23, published an article in his own name entitled: “About the existence of special branched cells 
in the seminiferous tubules of the human testis”. These were Sertoli’s ideal cells; in this paper he arrived at a perspicacious description 
of the morphology and function of these cells and in the subsequent articles he investigated the topic of spermatogenesis. Despite the 
importance of Sertoli’s discovery, the attention of the scientific literature remained very limited after Sertoli’s death for half a century and 
the partial eclipse finished only in the 1970s of the twentieth century.

“Il testicolo dell’uomo è costituito, come ognun sa, nella sua parte più essenziale, 
da un numero stragrande di piccoli canaletti, tortuosi e tra loro aggomitolati, 

che terminando nella loro estremità a fondo cieco oppure ad anse, 
a due e tre superiormente si uniscono in unici canaletti non tortuosi”

Enrico Sertoli, 1865
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Morphology is function

Before an audience of students at the Scuola Supe-
riore di Medicina Veterinaria during the opening cer-
emony for the academic year 1872-73, Enrico Sertoli 
concluded his talk by exhorting his listeners to study 
histology. In somewhat bombastic tones, typical of the 
rhetoric of his time, he said: “Take courage, young 
scholars! Don’t be deterred by the difficulties you 
will encounter in studying such an important part of 
medical knowledge”. After giving the students a good 
scolding (“Le forme microscopiche, che voi forse non 
sapete ancora abbastanza apprezzare, almeno se ar-
guir debbo dalla riluttanza che molti di voi mostrarono 
nel sottoporsi a prove concernenti questa parte tanto 
essenziale dello scibile medico”), he dedicated a part 
of his talk to emphasizing the close relationship be-
tween form and function 1. He judged that the most ef-
fective models to use to persuade his audience could 

be drawn “by taking for example the nerve cell, with 
its multiple branches”. Although the central nervous 
system was not his field of study, while working and 
studying in the laboratories at the Botanical Gardens 
in Pavia, he had happened to come into close contact 
with a student a year younger than him, Camillo Golgi. 
This was the man who, in 1873, was adding the final 
touches to his “black reaction” technique for staining 
neurons that – many years later – earned him a Nobel 
Prize that he shared with Ramon J Cajal. “Form ac-
quires its real importance when it is acknowledged 
as a function”, Sertoli said, and again: “the functional 
manifestations are closely related to the morphologi-
cal composition”. (“La vita inchiude il concetto della 
forma (…) e la conoscenza della forma (…) ci rap-
presenta graficamente le leggi secondo le quali i 
processi della vita si compiono (…). Dice il prof. Oehl 
che la forma (…) determina la direzione, come un filo 
telegrafico la direzione del movimento”).

375

https://doi.org/10.32074/1591
http://carlo.patriarca
http://asst-lariana.it


C. Patriarca et al.376

It was under the guidance of the histologist and phys-
iologist Eugenio Oehl that Enrico Sertoli graduated 
in 1865  2. His virtual peers Camillo Golgi and Giulio 
Bizzozzero were also attending Oehl’s laboratory dur-
ing the same period. Still in 1865, Sertoli published an 
article in his own name in the journal il Morgagni en-

titled: “Dell’esistenza di particolari cellule ramificate 
nei canalicoli seminiferi del testicolo umano” 3. These 
were Sertoli’s ideal cells, one of the most beautiful ex-
amples of the relationship between form and function 
to be found in nature.
Enrico Sertoli (Sondrio 1842-1910) was the sec-
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ond-born son of a noble family. He had already grad-
uated in medicine in 1865, at the age of 23, when 
he departed for Vienna to further his studies at the 
laboratories of Ernst Brucke, one of the most famous 
physiologists at the time.
Enrico probably received only a part of the 2400 lire 
bursary he had been awarded (Fig.  1), because he 
hastily returned to Italy the next year, when he had the 
chance to join the Lombard patriots and fight beneath 
the Stelvio pass against the Austrians 4. These were 
the early days of June 1866, at the time of the first mil-
itary operations in the Third Italian War of Independ-
ence. With the 68th Infantry Regiment, Enrico was 
then sent to Palermo, where the army was engaged in 
quelling a revolt. When an outbreak of cholera spread 
from Naples to Sicily, he was finally able to return to 
being a doctor, albeit in uniform.
After his time in the army, Sertoli returned to his studies, 
heading this time to Tübingen and the physiology labora-
tory directed by Hoppe-Seyler, where he obtained a post 
as assistant and focused his interest on blood proteins 2. 
In 1870, at just 28 years old, he was called to teach 
anatomy and physiology at the Scuola Superiore di 
Medicina Veterinaria in Milan and, once there, he did 
not forget his cells. 

The institute had been established by Eugenio Beau-
harnais in 1805, growing from what was originally the 
Scuola Minore di Anatomia Veterinaria e Mascalcia 
created by the previous Austrian government. Sertoli 
was appointed director of physiology and kept occu-
pied full time in running the laboratory 5, but this did 
not prevent him from returning to debating the function 
of the supporting cells in the seminiferous tubules. He 
reiterated their trophic and supporting role, but reject-
ed the idea that these cells might “take part directly in 
the formation of the sperm cells)” 6. There was a wide-
spread conviction among histologists of the 19th centu-
ry that, in addition to the known germ cells, there were 
epitheliomorphic elements that the famous Swiss his-
tologist Kolliker erroneously defined as polygonal  2 7. 
It was believed that these elements originated from 
germ cells, or else that part of them gave rise to germ 
cells. But Sertoli had never seen spermatozoa inside 
such cells, which also had a shape too dissimilar from 
that of the seminiferous cells. He argued thus in his 
article of 1865, concluding that he was not convinced 
that the branched cells produced spermatids.
One wonders what means Sertoli had used to arrive 
at such a perspicacious description of the morphology 
and function of these cells. As was common practice 

Fig. 1. Excerpt from a letter written by the Rector G. Cantoni, dated 18 October 1865: in seguito al felice esito da lei 
sortito negli esami (…) per un posto di studio all’estero, il Regio Ministero dell’Istruzione pubblica (…) le ha 
aggiudicato un sussidio di lire 2400 per un anno, affinchè ella possa perfezionarsi in Vienna nella scienza della 
Fisiologia e Istologia. (…) I sussidi saranno pagati in dodici rate mensili eguali posticipate (…) (by kind conces-
sion of the Sertoli family).
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in his time, at 20 years old, Sertoli had bought himself 
a Belthle microscope (a German instrument that was 
then top of the range, with 10x and 20x lenses) - and 
he must have been very fond of it because it was re-
cently still in an excellent state of repair and in the 
hands of his family 2.
Sertoli was in the habit of fixing tissue samples in a 
solution of mercury salts (mercuric chloride, which 
went by the name of ‘corrosive sublimate’) and ammo-
nia. After three or five days, he would then proceed as 
follows: “From it I remove a piece of tubule that I tear 
with the aid of fine needles over a glass dish, adding 
a drop of distilled water; I cover the preparation with 
a glass lid and then submit it to observation” 3. That 
was it - no formalin (which was still not commercially 
available), and no modern microtome sectioning; and, 
as for hematoxylin, Waldeyer was still fine-adjusting it 
around the time, and Sertoli was not using it yet.
This is how Sertoli described the ‘branched cells’ in his 
article of 1865: “These cells are irregularly cylindrical 
or conical with delicate borders and with nuclei that 
invariably contain a nucleolus. The cytoplasm is trans-
parent, homogeneous, and always contains fine fat 
droplets. These cells are almost always furnished with 
very transparent fine processes in which fat droplets 
are also found (….). In some of these cells one sees a 
bifurcation or other secondary processes. Other cells 
of this type send out more processes that branch and 
sometimes envelop other cells” (…).
The description goes on in great detail (“Ho inoltre os-
servato che questi prolungamenti discostandosi dalla 
cellula formano delle curve, le quali corrispondendo 
ad altre formate o ad altri prolungamenti o da incurva-

mento all’interno di un lato della cellula, costituiscono 
come delle nicchie semicircolari nelle quali vengono 
ricettate le cellule seminifere (…). Le cellule seminife-
re sono fortemente aderenti alle pareti dei rispettivi ri-
cettacoli, giacchè per il rotolamento io non riuscii mai 
a distaccarle”), and Sertoli comments on how acetic 
acid and iodine tincture affect the visibility of the cell. 
Figure 2 shows Sertoli’s original drawings, which per-
fectly illustrate the branched form of these cells and 
spermatogenesis-supporting function that he envis-
aged for them, based on a detailed description (here 
reported only in part) of how these cells cluster to form 
concave niches. Not only the fat content in the cyto-
plasm, but also the adhesion of spermatogons and 
spermatids (that we can now attribute to the role of the 
adhesion molecules) had already been clearly recog-
nized. 
Another significant passage, but an erroneous ob-
servation in this case, is documented in Figure 3, ac-
companied by Sertoli’s comment that: “The processes 
have also a further function: they guarantee the com-
munication among the branched cells (….) so that 
the content of the cells is fused” (…).
Although Sertoli never mentioned the word ‘syncitial’, 
and some deny that he would have defined these 
branched cells as such 7, it seems to us that his own 
hand drawing leave little space for doubt on the mat-
ter. After all, a precise definition of the boundaries of 
these branched cells must have sometimes been very 
hard to achieve using the microscopes of Sertoli’s 
time. Even in 1902, von Ebner (a convinced supporter 
of their nature as precursors of spermatids) 8 agreed 
that Sertoli’s cells were syncytial 2 7. Whether they were 

Fig. 2. (From Sertoli E. Il Morgagni 1865).



379ENRICO SERTOLI AND THE SUPPORTING CELLS OF THE TESTIS. “MORPHOLOGY IS FUNCTION”

syncitial or not, according to Sertoli, the branched 
cells “are joined together in parallel”: this finding was 
also a massive leap forward, and was only confirmed 
after 1960, in the modern anatomo-functional concept 
of the hemato-testicular barrier 7 8. 
Sertoli returned to the topic of branched cells in the 
1870s  6  9  10, when he clarified their post-mitotic na-
ture, the so-called fixed cells (Dans les cellules fixes 
(…) décrites sur le nom de cellules ramifiées, on 
n’observe pas le plus petit indice de caryokinèse, 
quel que soit le point du canalicule où on le exam-
ine  10. This was when he started adding Muller fixa-
tive and silver nitrate, improving the quality of his lab 
technique. His work was so clear in its approach and 
scientific precocious, even on the topic of spermato-
genesis (Sertoli provided an accurate description of 
its various stages) that what he wrote in 1878 11 was 
recently translated into English  8. These are writings 
in which, among other things, Sertoli quibbled with 
von Ebner, who called his cells ‘spermatoblasts’. They 
also provide further topographical details of his stud-
ies, when he wrote that, adjacent to the rete testis, “I 
found that the cells in question little by little stopped 
presenting extensions. It is worth adding that, even to-
day, pathologists daily engaging in diagnostics are still 
astounded by Sertoli’s ability to describe the jagged 
contours of his cells using the means available to him 
in the 19th century. 
For teaching purposes, Sertoli also tried to summa-
rize his observations in the shape of a pattern, which 
became the forerunner of all subsequent schematic 

representations in the histology manuals 12 (Fig. 4). 
In later years Sertoli saw his name firmly attached to 
the branched cells (in 1888 von Ebner spoke of “Ser-
toli’s cells”), and turned his keen gaze elsewhere. In 

Fig. 3. (From Sertoli E. Il Morgagni 1865).
Fig. 4. Sertoli’s idealized drawing of 1878 representing a 
cross section of a seminiferous tubule.

Fig. 5. Enrico Sertoli (photo from around 1900).
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addition to running the institute of which he became 
director, his efforts became focused on new research 
fields (the lymphatic system, lung, muscle, kidney, 
etc.) that kept him busy for several years (Fig. 5) 2 13 14, 
until he decided to leave his university teaching post 
in 1907. 
Despite the importance of Sertoli’s discovery, the 
attention demonstrated by the scientific literature re-
mained very limited for roughly half a century after 
Sertoli’s death (in Sondrio in 1910). On average, Ser-
toli cells were only mentioned in about one publication 
a year (Fig. 6) up until the early 1950s, when Gunnar 
Teilum published his descriptions of Sertoli cell tum-
ors 15 16. 
Also in Pathologica, Sertoli’s name almost eclipsed, 
surviving as a substantivized (sertolization) name in 
the descriptions of testicular atrophy 17. 
Some of the reasons for Sertoli’s partial eclipse dur-
ing the first half of the 20th century include: the intro-
duction of electron microscopy only after the 1930s; 
the great interest in biology of germ cell maturation 
rather then of Sertoli cells; the lack of understanding 
in the field of endocrinology; the limited development 
of andrology and scarce interest in the topic of male 
infertility; and the rarity of tumors of the sexual cords. 
Today we know that Sertoli cell tumor (SCT) is a well 
characterized entity composed of cells resembling 
embryonal, prepubertal, and adult Sertoli cells. SCT 
accounts for <  1% of all testicular tumors, yet it is 
the second most common sex cord–stromal tumor. 

SCT occurs in a wide range of age, most occurring in 
adults. Its rarity and some overlapping features with 
seminoma and other sex cord stromal tumors (Leydig, 
unclassified tumors) is a matter of difficult interpreta-
tion in the routinary practice. Orchiectomy remains 
the only therapeutic option, because radiotherapy 
and chemotherapy have been unsuccessful to date. 
About 12% of SCTs are malignant 18. Gynecomastia 
seems to be more frequent in malignant cases. Fea-
tures predictive of aggressive behavior include extra-
testicular spread, size > 5 cm, high-grade cytological 
atypia, >  5 mitoses per 10/HPFs, and necrosis and 
lymphovascular invasion. Recently the occurrence of 
CTNNB1 gene mutations and nuclear displacement 
of β-catenin has been considered a driver mutation in 
the oncogenesis of this tumor in the majority of Sertoli 
cell tumors 19.
In summary, what we label with Sertoli’s name is a well 
known tumor. However, it has to be said that what hap-
pened to Sertoli is a far from an unusual case of post-
humous acknowledgement of the value of a scientific 
discovery. Thinking of how a remarkable intuition can 
fade into oblivion brings to mind sadder cases, such as 
Ignac Semmelweis 20: the forerunner of antisepsis, he 
was rejected and forgotten by the scientific community 
of his time, only to gain his well-deserved place among 
the great names of medicine after his death.
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proximal third of the left humerus, injury from blade 
affecting right ulna and radius and swelling of the 
posterior surface of the right tibia, with underlying 
osteomyelitic focus in reparative phase, as well-
documented on CT. The amputation level was exactly 
assessed: the tibia was sawn immediately below the 
proximal half of diaphysis and only the lateral portion 
was surgically treated with an horizontal cut. Only 
oblique splitting was found at the medial site of the 
tibia. At stereoscopic microscope, surgical section re-
vealed a marked proliferation of endosteal callus, due 
to a previous harquebus shot injury occurred about 
one year before the death. Distal extremity of fibular 
fragment showed an oblique splitting and a horizontal 
cut, with no sign of reparative process in the medullar 
canal. Considering the morphological aspect of the 
tibial and fibular injury, it was due to a cannonball 
from a falconet of caliber 6-7 cm, as written by Bene-
detto Agnello in the same day of injuring. The limb 
had been severely damaged by a traumatic hemi-
amputation when surgeon Abramo performed the 
intervention, consisting in a simple completion of the 
amputation and regularization of proximal fragments. 
In conclusion, paleopathological investigations lead 
to exclude the hypothesis of an amputation above the 
knee, since the surgeon Abraham performed the pro-
cedure as best as he could in conformity with surgical 
knowledge of that period.
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The wound and the leg amputation  
of Giovanni dalle Bande Nere  
(1498-1526): life and death  
of a mercenary captain of the italian 
renaissance
G. FORNACIARI
Division of Paleopathology, Department of Translational Re-
search and New Technologies in Medicine and Surgery, Uni-
versity of Pisa, Italy

The tomb of Giovanni and his wife Maria Salviati at 
Cappelle Medicee in Florence was explored to in-
vestigate the skeletal remains. Anthropological and 
paleopathological examination defined: age at death, 
physical constitution and activity, skeletal diseases. 
The stump of the right leg was studied macroscopi-
cally, under stereoscopic microscope, at X-ray and 
CT scans, to detect type of injury and level of amputa-
tion. The study of the skeleton of Giovanni revealed 
that he was a vigorous man, 1.78 m tall, with an 
athletic body, estimated skeletal age of 25-30 years, 
medium-sized skull, narrow nose and great skull 
capacity (1494 cc). His well-developed upper limbs 
muscular insertions (deltoid, great pectoral, great 
dorsal, biceps, forearm muscles) and thigh muscles 
confirmed his great physical strength and robusticity. 
Strong hypertrophy of rotator cuff, great dorsal, teres 
minor and anconeus insertions were all present, as 
well as gluteal insertions to the femur, confirming 
he was a highly skilled horseman. The presence of 
numerous Schmorl’s hernias and a wedge partial 
collapse, with right spondylolysis, of the fifth lumbar 
vertebra, revealed that Giovanni had carried heavy 
loads since adolescence due to horse-riding and 
body armor. Diffuse bilateral enthesopathies were 
found at the clavicular insertions of deltoid and pecto-
ralis major, as well as at the small trochanter (psoas 
muscle). Skeletal markers left by habitual horseback 
riding were all present: exostoses and ovalization of 
acetabula, hypertrophy of femoral rectum muscle, 
strong hypertrophy of the femoral biceps, great ad-
ductor, small and great gluteus, Poirier’s facet. Pa-
leopathological investigation showed the aftermaths 
of several injuries: fractures of nasal septum and 

Figure. Anterior (a) and posterior (b) view of right tibia and 
fibula reveal the characteristics of amputation. The lesion 
caused by a cannonball from falconet is shown at the same 
level of the horizontal surgical cut (arrow).
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Biomechanical and kinesiological 
analyses of a femur fracture  
in paleopathology: reconstruction  
of injury mechanisms,  
care and functional outcomes
M. LICATA1, A. RUSPI1, S. IORIO2, O. LARENTIS1, 
C. TESI1, P. BENAGLIA1, A TOSI1, G. ARMOCIDA1, 
M. RONGA1, C. ROSSETTI1
1 Center of Research in Osteoarchaeology and Paleopathology, 
Department of Biotechnology and Life Sciences, University of 
Insubria; 2 Unit of History of Medicine, Department of Molecular 
Medicine, Sapienza University, Rome

Biomechanical and kinesiological reasoning allow us 
to investigate traumas in Paleopathology. The focus 
of our analysis is to reconstruct pathomechanics, 
treatment and gait of a subject from the Late Medieval 
femur, which presents an important bone callus (1).
The femur was discovered in a funerary crypt of the 
Sanctuary of Sacro Monte (Varese, Northern Italy), 
an important archaeological context inserted into the 
UNESCO heritage since 2003.
The femur was studied with computer tomography 
and the reconstruction of the static and dynamic fic-
tional outcomes of the lesion was performed by the 
Observation Gait Analysis (OGA). 
The OGA is the computerized analysis of the gait. 
This technique permits to observe movements of 
each articulation in the space, the posture and the 
gait underlining a movement strategy.
The femur presents an important callus at the middle 
third proximal of the shaft. The fracture is oblique and 
caused by a direct trauma probably associated with 
occupational activities. The alignment of the seg-
ments in the frontal plane leads us to assume that the 
fracture was treated and the femur was immobilized 
with splints. 
The use of OGA allows us to understand the subject’s 
kind of gait after healing.
Our analysis demonstrated that there was no reduc-
tion in bone mass. The deposition of new cortical 
bone near the fracture determines that the individual 
has gradually resumed loading the leg and was walk-
ing although with significant effects on posture and 
movement.
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Demographic analysis of the plague 
cemetery of Alghero (1582-1583)
V. GIUFFRA, E. BARTOLOTTA1, M. MILANESE2
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In 2008, archaeological excavations carried out in 
the inner courtyard of the former Jesuit College of 
Alghero brought to light the San Michele cemetery. 
Characteristic of the site are some burial trenches, 
narrow and long pits containing the remains of 10 to 
30 individuals, and some multiple tombs, which can 
be related to the plague epidemic that ravaged the 
city in 1582-83. The present study is focused on the 
demographic analysis of the 16 trenches containing 
185 individuals and of one multiple tomb (T.141) with 
14 individuals.
In the case of the trenches it was possible to de-
termine the sex of 178 individuals: 37 are males 
(20.7%), 53 females (29.8%) and 88 of undetermined 
sex (49.5%). As for the first two groups, 35.6% of 
individuals has an age comprised between 20 and 
29 years; the two age ranges 30-39 and 40-49 years 
present the same percentage (25.6%), 8.9% are aged 
between 17 and 19, and finally 4.4% are over the age 
of 50. The undetermined sex category is represented 
by 81 subadults and 7 adults. As for the subadults, 
the most representative age group is that between 7 
and 12 years old with 39.8%, followed by the 23.9% 
between 13 and 19 years, 18.2% between 2 and 6 
years, and finally, 10.2% between 0 and 1 years.
The multiple tomb 141 includes an adult individual 
(20-29 years) of undetermined sex, a woman of about 
17 years and with a 35-week fetus in her womb, 
and finally 12 subadults in an age range between 
0-1 years (21.4%), 2-6 years (7.1%) and 7-12 years 
(50.0%).
The cemetery of San Michele presents some similari-
ties with the French cemetery of Martigues struck by 
the plague in 1720. Also in this cemetery this type 
of trench burials was found, 5 in this case, with 199 
individuals. The comparison between the paleodemo-
graphic curves for both cemeteries evidences a simi-
larity of the mortality trend. The difference between 
normal and catastrophic cemeteries, related to a se-
vere epidemic event, consists in the fact that while in 
the former there is a greater presence of infants and 
elderly, in the latter there is a certain homogeneity of 
mortality, proof of the fact that the plague kills in a 
random way and therefore all individuals present the 
same risk of death.
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Ankylosing Spondylitis (AS)  
and Diffuse Idiopathic Skeletal 
Hyperostosis (DISH): a challenging issue. 
Differential diagnosis considerations 
based on two observed cases
R. BOANO1, S. PALLECCHI2, E SANTORO3, 
S.  BERTOLINO2, V.G. VELLONE4,5, F BUFFELLI6, 
E. FULCHERI4,6
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versità di Torino; 2 Dipartimento di Antichità, Filosofia e Storia, 
Università di Genova; 3 Libero Professionista; 4 Dipartimento 
di Scienze Chirurgiche e Diagnostiche Integrate, Università 
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Ossification of spinal ligaments can persist on skele-
tal remains requiring a differential diagnosis between 
diseases that can lead to spinal column ankylosis. 
The most relevant diseases that can lead to this con-
dition are represented by ankylosing spondylitis (AS) 
and diffuse idiopathic skeletal hyperostosis (DISH). 
The differential diagnosis between these two condi-
tions is discussed in two cases of our observation.
Case n.  1: Policastro Bussentino, US 112 - The 
burial (US 112) was found in the convent of San Fran-
cesco in Policastro Bussentino, during an emergency 
excavation carried out in 2015. The skeleton on a 
stratigraphic basis is dated between 1846 and 1892. 
The skeleton is affected by the fusion of 12 vertebrae 
of the vertebral column, from the fusion of some cos-
tovertebral joints and of the sacroiliac joints.
Case n.  2: Turin, Collection Marro, skeleton 
n.16809 - The skeleton belongs to the Egyptian Col-
lection of the Museum of Anthropology and Ethonog-
raphy of the University of Turin. It was collected dur-
ing the archaeological campaign at Gebelein (Upper 
Egypt) in 1920 and dates back to the First Intermedi-
ate Period (2150-1990 BC). In this case, the pathol-
ogy involves only the vertebral column in which the 
fusion of numerous vertebrae is found.
AS is a progressive inflammatory disease of un-
known etiology primarily affecting the diarthrodial 
joints of the spine, the costovertebral joints and the 
sacroiliac joints and usually begins in the second or 
third decade of life. First it affects the lumbar spine 
and the sacroiliac joints and progressively ascends 
until the entire spine and all costovertebral joints are 
affected. The result of this ankylosing process is the 
rigid, so-called bamboo spine with loss of its physi-
ological curvatures. DISH is an ossifying diathesis 

producing ankylosis of the spine due to ligament 
ossification without intervertebral disk disease. It is 
not a true arthropathy because neither cartilage nor 
synovium are involved. It is rarely detected before the 
age of 40 years and the cause is unknown. The two 
pictures macroscopically can be confused because 
both involve the spine with ossification and ankylosis 
of it. The differential diagnosis on skeletal remains 
can be based on extimated age and sex and on the 
elements involved.
AS occurs in the second or third decade of life and 
mainly affects men. DISH, instead, appears not be-
fore the fourth decade of age. DISH only affects the 
spine, while ankylosing spondylitis also affects the 
cost-vertebral joints and the sacro-iliac joint. The liga-
ments involved in the fusion of the spine are different 
in the two cases. DISH does not affect the interverte-
bral discs unlike AS which instead involves them and 
thus has a total fusion of the vertebral bodies.
Although DISH and AS manifest in a similar manner, 
they are separate diseases. Both pathologies are 
quite common in mild and initial forms, but are rather 
rare in the full-blown, severe forms, which involve the 
whole spine. This topic appear poorly covered both 
in paleopathological and clinical literature, mainly 
consisting in small series and case reports. As a con-
sequence, a wide inter-individual variability is present 
and only rarely an accurate report of the different in-
volved ligaments is provided. In most of the cases the 
description is limited to a generic attribution to spinal 
ligaments. Differential diagnosis may be challenging 
if limited to anthropological examination of the skel-
etal remains and further radiologic and genetic tests 
are necessary to confirm our findings.
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The green mummy of Bologna:  
FTIR spectroscopy offers new insight 
into the mummification process
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The object of this study is the so-called “green 
mummy” of Bologna, a naturally mummified body that 
was found in the basement of an ancient mansion in 
Bologna in the 1920s of last century. The hard and 
soft tissues of the body are green for the most. They 
were analyzed by FTIR spectroscopy with the aim to 
gain information about the biochemical degradation 
process, to explain both the origin and the nature of 
the green color and to understand how it affected the 
body’s preservation.
The corpse was found in a copper or bronze cist 
that, at the time of recovery, was closed with a lid but 
broken at the base. It is reasonable to assume that 
the body had undergone the processes of putrefac-
tion, liquefaction, skeletonization and mummification 
within the container. Probably, the semi-fluid mass of 
water and decomposing substances came out from 
the cist through the break at its base; therefore, the 
not yet putrefied tissues exposed to the atmosphere 
of the basement, desiccated and mummified. The 
acidic liquids originated by the decomposition caused 
the container corrosion, favouring the release of 
copper ions. Metal ions both inhibited the enzymes 
responsible for chemical reactions in the early stages 
of the decomposition process and acted as biocides 
of microorganisms involved in decomposition. 
FTIR analysis of soft tissues, with and without green 
color, showed that tissues lacking the green patina 
were the best preserved revealing the protein struc-
ture only minimally deteriorated, contrarily to what 
was observed in green areas. We have hypothesized 
that copper ions might have caused the decarboxyl-
ation of the RCOO group of polypeptidic backbone fa-
voring protein degradation. Therefore, copper did not 
favor the mummification process, which was probably 
due to the environmental conditions, such as the low 
temperatures typical of the basement and the low 
availability of oxygen. Due to the known biocidal ac-
tion of copper ions, we assume that copper ions might 
have damaged dead tissue cells in the same way 
they damage the cell membrane of microorganisms 
with which it comes into contact, causing their death. 
After the body decomposition liquids came out from 
the container, copper corrosion products precipitated 
as copper compounds giving the remains the green 
color. On the soft tissues two mineral forms of cop-
per have been found: copper carbonate and copper 
phosphate called malachite and sampleite.
Also, FTIR analysis of bones revealed that copper 
did not contribute to tissue preservation. The mea-
sured mineralization index showed the alteration of 
both collagen and hydroxyapatite of colored bones 
unlike the colorless ones. A compound known as 
pseudomalachite was identified in the green bones, a 
form of hydroxyapatite where copper replace calcium. 
This substitution is responsible for the unusual green 
coloration of the bones.
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Paleopathological and paleoradiological 
investigation of the Egyptian embalmed 
head from the Civic Archaeological 
Museum of Erba (Como)
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The new paleoradiological investigations carried out 
on the Egyptian mummified human remains, a head, 
a left hand and foot, housed in the Civic Archaeologi-
cal Museum of Erba (Como, northern Italy), allowed 
us to acquire comprehensive digital images and to 
study the anthropological and paleopathological data 
of the subjects. 
The first macroscopic investigation revealed the 
presence of blue-glazed Faience tubes, adherent to 
the dorsal wrappings of the foot. This custom was 
particularly attested in the 26th dynasty, even if it ap-
peared already from the 21st dynasty and seemed to 
continue until the Ptolemaic period. 
The tomographic analysis revealed the non-com-
patibility of the three mummified parts to a single 
individual, based on the different degrees of bone 
development and degeneration. 
The radiological investigation allowed us to acquire 
data on the embalming techniques applied, and on the 
health status and pathological conditions of the head. 
In particular, the parietal bones of the cranium exhib-
ited two symmetrical areas of thinning and resorption 
of the outer table, which suggest a case of “biparietal 
thinning”, also known as “biparietal osteodystrophy”. 
The areas involved are well-circumscribed and el-
liptical in shape, localized between the obelion and 
the superior linea temporalis. Macroscopically, these 
areas are noted as slight depression and flattening of 
the outer cortical layer.
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The CT imagings also revealed the mature age of 
the individual, which, according to several studies, is 
compatible with this finding. 
A research in the literature, showed a prevalence of 
this condition in Egyptian individuals, associating it 
with different definitions and causes. Although the 
etiology of this affection is still not well-known, here 
the embalmed head of an elderly individual revealed 
the presence of biparietal affection, with thinning and 
resorption of the outer table, adding additional evi-
dence of this finding in an Egyptian subject.
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Diet and genomics in a human 
nutritional frame: the GEDEON project
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V. VELTRE, C. MARTÍNEZ LABARGA, O. RICKARDS
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The GEDEON project will allow us to broaden the 
knowledge about the human adaptation against chang-
es in nutritional resources consumption. The main pur-
pose of the project is to investigate the putative role 
of selective pressure that may have acted on specific 
genetic markers linked to changed dietary conditions. 
In order to reach this topic, the project aims to connect 
the scientific evidence obtained through osteological 
studies of the ancient remains dating across the major 
nutritional transitions, with the evaluation of genetic 
markers involved in metabolic pathways that may have 
been affected by nutrient bio-availability. The whole 
genome analysis of ancient selected skeletal speci-
mens will be sequenced to compare the data obtained 
with those from extant people suffering of nutritional 
impairments, whose information on dietary require-
ments is available. Known polymorphisms that are 
classically referable to diet-derived homeostatic altera-
tions will be selected, such as rs2066844, rs2066845 
and rs2066847, whose association with inflammatory 
intestinal diseases (IBD) is well known. Other variants 

mapping on NOD2 gene (for example rs2066843 and 
rs2076756) will be focused, but they will represent 
only the starting point for the identification of causative 
molecular pathways modifiers. Furthermore, the mark-
ers with a well-known association with alterations such 
as celiac disease (CD) and primary hypolactasia (PH) 
will be also considered: PTPN2 and IL18RAP loci as 
well as various HLA system factors and the LCT gene 
will be primarily evaluated. This shortlist selection will 
constitute the beginning for the identification of several 
new markers to shed light on human genetic adapta-
tion to the changed environmental conditions including 
the nutritional requirements.
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The application of the next generation sequencing 
techniques to the study of ancient DNA represents an 
outstanding improvement for clarifying complex sce-
narios related to genomic-based physio-pathological 
conditions, whose identification in ancient remains 
can be tricky. Indeed, the sole presence of osteologi-
cal markers could be misleading for proper diagnosis 
due to the non-specific nature of such lesions. A 
thorough molecular evaluation has been performed 
on a skeleton of an adult woman dating to the Roman 
Imperial Age. The erosive and osteolytic markers 
located in the tarsal bones have led to hypothesize 
that she probably suffered from gout. In an attempt 
to integrate the differential diagnosis based on osteo-
logical data, whole genome sequencing analysis was 
performed. The bioinformatics pipeline identified the 
presence of two variants in the TSC2 gene, that is 
known to be associated with a rare genetic disorder, 
the Tuberous Sclerosis Complex, featured by signs 
that could be shared with those due to gouty arthritis. 
The application of these ultimate molecular tech-
niques surely represents a successful diagnostic tool 
for the identification of genetic related disorders that 
could be only hypothesized in ancient times.
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P. Raffaele da Sant’Elia a Pianisi
M. GUERRIERO1, F. COLASURDO2, A.M. POLLIO1, 
G.V. PONZIO3

1 Department of Pathology, Regional Health Authority of Molise, 
Antonio Cardarelli Regional Hospital, Campobasso; 2 Indepen-
dent biomedical laboratory technician, Campobasso; 3 Depart-
ment of Hygiene and Public Health, Regional Health Authority 
of Molise, Antonio Cardarelli Regional Hospital, Campobasso, 
Italy

Domenico Petruccelli (Raffaele da Sant’Elia a Pia-
nisi), servant of God, was born in Sant’Elia a Pia-
nisi (Campobasso) in 1816 in a family of honest 
and wealthy peasants. He lived in different convents 
between Puglia and Molise. Wherever he went, he 
won the esteem and veneration of everyone, so much 
so as to be called the “Holy Monk”. He died in the 
convent of Sant’Elia a Pianisi in 1901. In the same 
convent another famous monk arrived in 1904 fr. Pius 
from Pietrelcina (better known as Padre Pio), here 
the young monk breathed the aura of holiness left by 
the Holy Monk who died a few years earlier, drawing 
strength and inspiration.
A first exhumation had been performed in 1934 and 
the skull was placed in a metal case. In 2017, 200 
years after his birth, during the second exhumation 
and canonical recognition of the mortal remains, the 
skull was in good condition of conservation. It was 
covered in a thin layer of yellowish-white powder and 
traces of deteriorated fabric which formed part of the 
inner lining of urn.
Cleaning operations. The skull was cleaned. During 
this operation, we proceeded to collect in a container 
of numerous fragments adhered to the outer and in-
ner surface of the skull. 

Figure.
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Consolidation operations. The skull was impreg-
nated with a thin protective membrane consisting of 
a very thin film of an acrylic resin (Paraloid B72TM) 
which protects it and consolidates its most delicate 
and fragile parts.
Paleopathological study. The alterations and lesions 
found are: in the left orbit, two holes (of undetermined 
origin) in the left parietal and temporal bones, in the 
right parietal bone, at the base of the skull, the jaw is 
absent.
Attribution of sex. We highlight a series of mor-
phological findings characteristic of the male sex. 
They are: protruding glabella and sloping forehead; 
Rounded, wide and thick super-margin; Wide zygo-
matic arch that extends beyond the external acoustic 
meatus; Mastoid process robust, big and verticalized; 
Necked crest marked, wrinkled and very evident.
Diagnosis of age. Coronal, sagittal and lambdoidal 
sutures were considered, in accordance with the 
criteria of Acsàdi and Nemeskèri (1970) modified by 
Masset (1989). The endocranial closing index can 
be estimated at around 4, so the subject’s age is be-
tween 50 and 80 years, according to the known age 
of Father Raffaele of 85 years at the time of death.
Craniometry. The craniometric assessments carried 
out highlighted: a small, rounded, long, narrow, medi-
um-high skull with rounded sagittal contours, oval and 
angular orbits, mean interorbitary distance, narrow 
nasal opening. All these characteristics allow us to 
state that the skull belonged to a Caucasian subject.
Histological examination. The fragments examined 
were composed of human organic material. These 
are extensively necrotic and rotten tissues. An impor-

tant result has been achieved with the finding in the 
histological findings of many fungal hyphae, better 
highlighted with histochemical stains PAS and Grocott.
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Historical information related to the life of St. Mercu-
rialis is very scarce, everything we currently know, we 
owe to its legenda, is contained within the manuscript 
Casanatense 718 dating to the 12th century. The only 
certain historical information concerns the ordination 
of one of his successors, Grato, which took place in 
Ravenna during the 5th century. The relics of St. Mer-
curialis, preserved inside the homonymous abbey, in 
the Cathedral of Santa Croce and in the Santissima 
Trinità church, during 2018 were object of the sixth 
canonical recognition, necessary to verify the state of 
conservation of the bones. Preliminary studies were 
performed by direct anthropological and radiological 
analyses by CT scan, FTIR analysis, ancient DNA 
and radiocarbon dating. St. Mercurialis, was about 
1.60 meters tall, the age at death is 45-50 years, and 
he was not particularly robust, even if marked by re-
peated musculoskeletal stress probably linked to ha-
bitual activities such as walking and weightlifting. He 
suffered from osteoporosis and perhaps had some 
discomfort with the shoulder girdle. He had a deviated 
nasal septum from birth, a condition that perhaps 
caused him disorders such as sinusitis. He did not 
suffer from osteoarthritis and he had no particular 
indicators about deficiencies suffered during the first 
and last period of life. Analyses did not reveal indica-
tors due to traumatic events and probably did not die 
by strangulation, as the hyoid bone was intact. FTIR 
analysis was carried out on the brown substance that 
partly covered the lower skeleton district, shows the 

Figure.
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typical spectrum of clayey materials. The charac-
teristic bands reveal the presence of aluminum and 
silicon in greater quantities, and of other elements in 
smaller quantities. The clays constituting the soil can 
therefore be considered essentially illites containing 
kaolinite, smectite and quartz. This aspect confirms 
the numerous historical information concerning the 
floods suffered by the abbey. A patina that covered 
some bones was also detected. The obtained spec-
trum presents the typical absorptions of the vibrations 
of the hydrocarbon radicals CH2 and CH3, in addition 
to the intense absorption typical of the C-O-C group 
characteristic of carbohydrates. The characteristics of 
the spectrum therefore seem to be typical of a meth-
ylcellulose preservative. Radiocarbon dating and 
accelerometry mass spectrometry (AMS) dated the 
relics to the I-III century AD, an interesting date that 
is chronologically before the only historical indication  
we have about the life of St. Mercurialis and which 
collocates his episcopate into the first stages of evan-
gelization of the Emilia Romagna Region. The pre-
liminary analyses of ancient DNA were targeted on 
the hypervariable region 1 (HVR-1) of the mitochon-
drial DNA (mtDNA) and on Short Tandem Repeats 
(STRs) of the Y-chromosome and highlighted a rather 
pronounced diagenesis of the DNA. The subsequent 
analyses will be targeted to the capture of the entire 
mtDNA, coupled with next generation sequencing.
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Andrea was a Catholic priest and a member of the Or-
der of Saint Augustine. He was born to a modest family 
in the village of Mascioni (northern borders of L’Aquila 
province) and as a child he worked as a shepherd. 
Around 1417 he met Augustine from Terni, Prior of 
the Augustinian convent in the near Montereale, and 
asked to enter their ranks to be ordered as a priest at 

the age of 25. He earned a bachelor and master’s de-
gree in theology, becoming professor in Siena (1443), 
and Provincial Prior of the Umbria region. He also 
served as a travelling preacher in Italy and France, 
reforming several Augustinian monasteries in Umbria.
He died on 18 april 1479 in Montereale and, according 
to hagiographies, his body was exposed without bal-
sams in the conventual church for 30 days, giving off 
sweet odor and performing miracles. Subsequently, it 
was placed in the Choir until 1568, when it was dis-
played beneath the main altar. His beatification was 
celebrated by Pope Clement XIII on 18 february 1764. 
In 1787 the body was translated into a newly built re-
pository, inside the new chapel dedicated to him.
Documented Canonical Recogntions took place in 
August 1786, July 1943, June 1961, and between 
June and July 1989. The last was performed by one 
of us (MR) and the late professor Giulio Marinozzi.
External examination of the body allowed to recog-
nize a partially skeletonized mummy belonging to an 
old male subject (more than 70 years of age at death) 
and measuring 164 cm in length. The face was al-
most entirely covered by mummified skin, with traces 
of hair in the perioral region, chin, cheeks and anterior 
neck, according to devotional representations of the 
Blessed as a bearded elder. Soft tissues of forearms, 

Figure. The artificial mummy of Andrea da Montereale.
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hands, legs and feet appeared in a good preserva-
tion state. A large bone defect was observed in the 
occipital squama. Large skin cuts were observed in 
the anterior neck and left hemithorax. The ventral 
portions of the left ribs appeared cut and displaced 
within the thoracic cavity. Cut marks were also found 
on the left margin of the sternum body and on anterior 
branches of the pelvis. Preserved skin was observed 
only in the right hemithorax. No traces of internal 
organs were found in thorax, abdomen and pelvis. 
Moderate-marked osteoarthritis of the spine was 
noted. Unfortunately, a radiologic investigation of the 
body was not performed. After external examination, 
conservative treatment was performed. 
The body of Andrea revealed indisputable evidence 
of artificial mummification, representing the eleventh 
described case of an embalmed Saint or Blessed in 
Catholic Religion. Nine of these artificial mummies 
were created in central Italy (Umbria, Toscana, Abru-
zzo, Lazio) between the XIII and XV century. The 
employed evisceration procedures appear somewhat 
rough, without the complexity observed in other ex-
amples. It is worth to note that Montereale is located 
not far from L’Aquila and on the main route towards 
Cascia and Spoleto. The embalming of the Blessed 
Andrea took place only 35 years after the death and 
embalming of Saint Bernardino da Siena in L’Aquila 
and represents the second case in Abruzzo region. 
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Exhumation and anthropological study 
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Liutprand, one of the greatest Longobard sovereign, 
was born in the early 90s of the 7th century and died 
in 744 at the age of about 55 years. According to the 
Historia Longobardorum of Paolo Diacono, he was 
King of Longobards from 712 to 744. 

The remains of King Liutprand suffered from many 
translations in the centuries and this is the main 
problem for the validation of the authenticity of the 
bone remains. The first grave was in the chapel of 
Sant’Adriano in the Longobard cemetery of Santa 
Maria in Pertica (Pavia). Later, in the second half of 
12th century, the body of Liutprand was translated in 
the Basilica of San Pietro in Ciel d’Oro and located 
in a monumental mausoleum. New translations took 
place after the Council of Trento and in 1895, when 
the bones were placed in a niche in the floor of the 
church where they were found in January 2018. 

Figure 1. A) The fragmented skeletal remains as they ap-
peared once opened the wooden box. B) The three left tibiae. 
The central one, signed with the letter ‘A’, showed enlarged 
diaphysis due to osteomyelitis; a circular depression on the 
bone surface is highlighted within the red circle.
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The bones, contained in a wooden box, appeared 
extremely fragmented and in a poor state of preser-
vation. Anthropological examination highlighted the 
presence of bones attributable to three individuals. 
Most of the remains belongs to a robust male indi-
vidual with strong muscular insertions, with an age 
at death between 40 and 50 years. There is also a 
second older male with strong muscle insertions, and 
a third adult individual of similar size. In fact, there 
are a pathological left tibia and some fragments of its 
right controlateral, and other fragments attributable 
to two other left tibiae. The tibia with pathological 
alterations presents the upper third of the diaphysis 
completely altered and enlarged by bone thickening 
due to a severe form of osteomyelitis. Bone repair 
is evident and the presence of a circular depression 
with a diameter of about 10 mm at the point of maxi-
mum thickening could represent the trace left by a 
pointed object that caused the perforation of the bone 
and the subsequent infection with osteomyelitis. The 
reparative process has however led to the healing of 
the lesion before death, which should have occurred 
not far from the event (maximum 2 years). Imaging 
studies (CT and radiological) on the skeletal remains 
were performed at the “San Matteo” General Hospital 
in Pavia.
14C dating provide a range from 430 to 640 for the 
first subject, 600-770 for the second and 530-670 for 
the last male.
Isotopic data show a rather high nutritional status for 
the time, with a varied diet rich of meat.
In conclusion, currently it is not possible to accurately 
define the identity of the three individuals for lack of 
archaeological data and for the fragmentary nature of 
the bones. The age of the subjects, the robust con-
stitution and the nutritional data suggest a belonging 
to a high social class perhaps devoted to war activity. 
Future molecular studies may perhaps reveal a pos-
sible degree of kinship between the individuals and 
clarify the identity of the subjects.
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A preliminary survey on the mummy 
of the blessed Jean Bassand from 
Besançon (c. 1360-1445)
L. VENTURA1,2, R. GAETA3, L. PICCHIONI4, M. IO-
ANNUCCI2
1Division of Pathology, San Salvatore Hospital, L’Aquila; 2Sacred 
Lipsanotheca of the Metropolitan Archbishopry of L’Aquila; 3Di-
vision of Paleopathology, Department of Translational Research 
and of New Technologies in Medicine and Surgery, University 

of Pisa; 4Artist, Montereale, L’Aquila, Italy

Born to one of the leading families in Besançon, Jean 
Bassand was a French Christian monk. After his initial 
profession in the Augustinian house of Saint Paul, he 
joined the Celestines (a branch of the Benedictine 
Order) in Paris, and subsequently became prior in the 
city of Amiens. The Celestine monks of France were 
a self-governing province of an Italian Benedictine re-
form of the late XIII century that no longer exists. They 
had a great influence, representing one of the most 
prominent observant groups in France, and an inspi-
ration for reform movements across multiple orders.
Jean Bassand represented the most important figure 
in the French Celestine congregation between XIV 
and XV century, being elected provincial prior on five 
occasions. He made great efforts to establish new 
Houses in the French province as well as abroad. The 
English King Henry V invited him to found and direct 
a friary in Isleworth near Sheen (now Richmond, 
London), whereas Martin I of Aragon asked him to 
establish the congregation in Barcelona.
In 1443, he went to L’Aquila by order of the Pope 
Eugenius IV, to reform the monastery of Santa Ma-
ria di Collemaggio. He had troubles in this task and 
retreated to Rome arguing that the Aquilans were 
“difficult men”, but the Pope sent him back until his 
mission was accomplished. He died in L’Aquila on 

Figure. The face of Jean Bassand’s mummy.
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26 August 1445. His body, covered with lime to be 
displayed, was found intact 18 years after. Since his 
death the mummy of Jean Bassand used to be kept 
in the Basilica of Collemaggio.
After the major earthquake that struck down the city 
in 2009, his remains were recovered from the church 
to be kept in a secret location. Recently, an inspec-
tion of the body took place as a preliminary step of a 
forthcoming Canonical Recognition. The mummy ap-
peared still fully dressed, with face and hands uncov-
ered. The skin surface was extremely well preserved, 
and oblique illumination disclosed multiple, round, 
well-circumscribed plaques on the forehead, cheeks, 
and upper lip. Careful examination of the digital pic-
tures enabled us to recognize at least 19 lesions.
From a modern clinical viewpoint, the facial skin erup-
tion of Jean Bassand meets most of the diagnostic 
criteria for multiple seborrheic keratoses. The age at 
death and the lifestyle of the Blessed, with frequent, 
long-distance travel under severe conditions, are 
fully compatible with this diagnosis. It is well known 
that male sex, increased age and sun-exposure may 
predispose individuals towards the development of 
these lesions.
This case might represent the first ancient seborrheic 
keratosis described in the literature, although further 
analyses (external examination, computed tomogra-
phy, histology) are needed to confirm the diagnosis. 
Advanced investigation methods might also enable 
us to understand if an ancient case harbours the 
same genetic mutations detected in modern patients. 
In this particular case, the treatment of the corpse 
with lime referred to in the ancient literature may have 
preserved the skin lesions by dehydration.
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Scurvy among 22 juvenile burials from 
an early italian medieval anthropological 
series that may have also been affected 
by tuberculosis
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This study presents the skeletal evidence for scurvy 
among 22 juveniles from the Longobard necropolis 
of Selvicciola, Italy (VII-VIII centuries AD). The pa-
leopathological analysis revealed a combination of 
bilateral porous and proliferative bone lesions affect-
ing the orbital roof (i.e., cribra orbitalia), the cranial 
vault (i.e., porotic hyperostosis) and some specific 
areas of the entire skeleton (i.e., sphenoid, hard pal-
ate, and scapula). This pattern is typical of infantile 
scurvy (Geber & Murphy, 2012). The investigation 
also revealed a bone tissue resorption of the anterior 
and lateral surface of thoracic and lumbar vertebral 
bodies and rib lesions in 17 of the 22 juveniles that 
showed signs of scurvy. This kind of skeletal mani-
festation associated with endocranial alteration and 
diffuse periosteal new bone formation (PNBF) is often 
linked to atypical or early-stage tuberculosis (Spekker 
et al., 2012). Our assessment suggests that the diet 
in Selvicciola was mainly deficient in vitamin C, caus-
ing scurvy. Among other problems, this might indicate 
poor sanitary conditions and further factors related to 

Figure. Vertebral bodies with bone tissue resorption of the 
anterolateral surface from a 4-5 years old subadult from the 
necropolis of Selvicciola. 
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local environment and general state of health. Conse-
quently, scurvy may have reduced the immune resil-
ience of the juveniles leading to the development of 
TB in many of them (Miladinović-Radmilović & Vulović, 
2015). Additional assessment via isotopic studies of 
the Selvicciola burial collection (Tafuri et al., 2018) 
indicates that the consumption of animal proteins in 
their diet was quite high. Hence, TB may have origi-
nated as Mycobacterium bovis (Roberts & Buikstra, 
2003), coming from dietary consumption of infected 
animals. The preliminary macroscopic investigation of 
these subadult skeletons reveals lesions that suggest 
a complicated relationship among several factors in-
fluencing the health of these children. Diet, infection 
and lack of vitamins may have contributed to the poor 
health and death of these juveniles. Hence, showing 
a complicated situation in which, these children lived 
and dead in. This anthropological work illustrates how 
paleopathology can be used to interpret the health 
status of individuals of past communities even when 
the lesion evidence suggests multiple causal factors 
associated with death. 
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Case report of a post-partum death  
due to partial retention of placenta  
in a rachitic individual from the ancient 
autoptic register of Genoa
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The Institute of Clinical Pathology currently keeps the 
autopsy registers from 1891 to the present; the oldest 
one consists of some volumes in which the protocols 
and the related diagnoses were written by hand; for 
each case, a succinct clinical history preceded the 
external examination.
The case presented here concerns obstetric pathol-
ogy related to maternal post-partum death due to 
uncontrollable bleeding. The autopsy was carried out 
in 1892 on a woman suffering from rickets with scant 

muscular masses; the autopsy was performed 37 
hours after the patient’s death.
At that time (specifically from 1886 to 1905) the Di-
rector of the Unit of Clinical Pathology was Professor 
Vincenzo Brigidi and the autopsy room was situated 
near Pammatone Hospital, which was built in the 
district of Portoria and almost five centuries earlier, 
in the fifteenth century. This was the main hospital in 
Genoa, and played a fundamental role in local public 
health; the whole institute consisted of a single au-
topsy room.
Full-blown or paucisymptomatic rickets was common 
in the Italian population of the nineteenth century and 
the first half of the twentieth century.
The high incidence of this disease was due to defi-
ciency factors or chronic nutritional stress, which led 
to forms of pseudo-rickets or latent rickets; this gen-
eral situation required strict supervision of pregnant 
patients in order to avoid fatal intra-partum accidents 
both in the mother and in the foetus.
Moreover, it is known that the skeletal lesions typical 
of rickets can seriously worsen the classical pattern of 
common brachipelvization, resulting in more serious 
pathologies.
Anthropologically, brachipelvization and the evolution 
to the erect position constitute a peculiarity of our 
species. Over the centuries, obstetrics has developed 
complex studies for the evaluation of the pelvis and in 
particular, for the study of planes, axes and obstetric 
conjugates.
In the nineteenth century and in the first decades of 
the twentieth century, pelvimetry was carefully prac-
ticed in obstetrics to monitor the pathological condi-
tions of the pelvis. The management of postpartum 
haemorrhage was less theoretically developed and, 
in obstetric practice, was also represented a frequent 
cause of maternal death.
In the case presented, therefore, obstetric proce-
dures, such as sutures of the cervix of the vagina and 
the use of the so-called iron perchloride as a haemo-
static cauterant, were used to stop bleeding.

Figure. 
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Ferric chloride is an iron salt (hence it is wrong to 
call it acid, as it is wrong to call it perchloride). The 
haemostatic action of the latter has been known for a 
very long time, but owing to its caustic action, which 
deeply manifests itself in the tissues, it has been ab-
solutely abandoned in modern obstetric practice.
Indeed, the report reveals that ferric chloride gave the 
tissues inside the uterus a leathery consistency, with-
out - however - managing to save the mother’s life.
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A case of trepanation and something 
more: the early medieval Domus Mariae 
site in Trieste
P. SACCHERI, L. TRAVAN
Laboratory of Osteology, Department of Medicine, University of 
Udine, Italy

The typical modern native from Trieste is tall - they 
are the tallest among Italians -, over 65 years old - 
Trieste has the highest seniority index in Italy - and 
loves spending time at the seaside or eating out with 
friends (no statistic data are available but you can 
witness that with a day trip to the city!).
A group of 41 individuals who lived in the Early 
Middle Ages in Tergeste (the modern Trieste), 
seems to have a lot in common with the modern 
inhabitant of Trieste: they were tall (average Trotter 
and Gleser stature for male and female are 174.2 
cm and 163.2 cm, respectively) and most of them 
were over 55 yeas old at death (more than 50% of 
adult males and 50% of adult females). Moreover, 
some of them spent a significant amount of time in 
the sea, which can be seen by the auditory exostosis 
in males and high frequency of third distal tibiae and 
fibulae periostitis in adult mature females – findings 
suggestive of a long time spent in the sea water 
looking for clams. Medieval archaeological layers 
in Trieste show plenty of shells. These people also 
loved eating: the four eldest male skeletons show 
marks of DISH, a pathology clearly associated with 
metabolic disorders. One of them may have died of 

suffocation caused by a small-size herbivore distal 
humerus epiphysis showing clear signs of slicing – a 
morsel of stew – found on C5/C6. Talking of skeletal 
remains, this diagnosis can be only a suggestion; 
nevertheless, dysphagia leading to suffocation in the 
elderly is a classic. 
These people were buried out of the walled circle of 
the ancient Tergeste and not so far from the Madonna 
del Mare, an early Christian Basilica built in the V/VI 
century, on the site called Domus Mariae. In 3 out 
of a total of 21 tombs (the number is low because of 
the overlapping of different bodies), we find a skull 
placed in a ritual position close to the left ankle of the 
body. The following are the combinations found and 
the age at death in each of these burials: female skel-
eton aged 30-40/skull of child aged 4; male skeleton 
aged 50-60/skull of female aged more than 50; male 
skeleton aged 30-45/skull of male aged more than 50. 
In the last mentioned tomb, besides the skull to the 
left of the ankle there are two other skulls: one be-
tween the femora, belonging to a man aged about 
20-25, and the other one to the left of his skull, be-
longing to a child aged about 9. The skull connected 
to the buried skeleton presents a trepanation prob-
ably made by scarnification: an oval hole of about 17 
mm x 12 mm, on the left parietal bone. The lesion 
edges clearly demonstrate survival after trepanation, 
possibly not longer than 1 or 2 months. In fact, in the 
inner table, near the hole, some coral-like new bone 
lesions reveal a meningeal involvement. Neither the 
skull nor the other bones reveal traumatic lesions; we 
found only a sternal foramen, the lack of fusion of the 
transverse foramens of C2 and a osteochondritis dis-
secans of the right capitellum.
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Two medico-legal reports at the dawn  
of legal medicine
G.M. GOTTARDI
Independent Researcher

In the Middle Ages few examples of forensic medicine 
had appeared, even if imperfect and sporadic, in the 
field of healthcare art. In the Renaissance they took 
on greater consistency and framed themselves bet-
ter in more defined limits. The two reports presented 
here are part of a trial against Jews in the city of 
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Trento in 1475. This work takes into consideration 
what happened, the historical period, the trial and the 
sentences, and the subsequent historical revision. 
The study of these reports also analyzes the guide-
lines available at that time.
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“Lament not the absence of the name  
of any disease”. Diseases and names 
from antiquity to the early modern 
period
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To understand a disease of the past, historians need to 
distance themselves from today’s epistemological par-
adigm. The disease must lie within the epistemological 
limits in which it is explained. In Western medical texts 
of the past, from Hippocrates and Galen onwards, 
it was the sign on the patient that led to diagnosis 
through a deductive process. A debatable diagnosis by 
our criteria. It follows that the names attributed to dis-
eases bore several meanings, also due to translations 
over time from one major language to another (Greek, 

Arabic, Latin) and moreover in relation to the authors 
describing the disease – physicians, authors of literary 
texts, chronicles, hagiographies – representatives of 
an inhomogeneous medical culture. This led to an ac-
knowledgement of the limits of retrospective diagnosis 
with reference to the lexicon of the textual sources. A 
significant example regards erysipelas, which today 
indicates a precise bacterial disease: this term is first 
found in various points of the Corpus Hippocraticum, 
including book III of the Epidemics, in a story subse-
quently commented on by Galen. From the description 
of the signs the term is linked to different symptoms or 
diseases, if interpreted with our criteria. Transliterated 
into Latin, in mediaeval texts the term is placed under 
the category of the apostemata – exceedingly complex 
diseases or disturbances – especially after the transla-
tion of Avicenna’s Canon.
The association with ignis sacer, an expression of 
Latin origin, in the De Medicina of Cassius Felix (5th 

C.) led in some cases to a semantic change, borne 
out by non-medical sources. Ignis sacer in fact, inde-
pendently of its oldest meaning, first came into use 
in chronicle sources from the 11th century, to indicate 
“burning” epidemics, in which ergotism and gangrene 
in general may be recognised.
Renaissance medical sources, following direct trans-
lations of Greek medical texts without mediation of 
the Arabic, tended in part to recover the meaning of 
the term erysipelas indicated by Galen.
In Hoffman’s Dissertatio of 1729, albeit with due pre-
cautions, we may recognise the symptoms of present 
day erysipelas, although the physician’s association 
with Rosa and with fuoco selvatico begs consider-
ation of the polysemy of two nosographic expressions 
found in “popular” culture in many areas of Europe.
The aim of this presentation is to analyse the poly-
semy of a nosographic term that has come down to 
us from the Hippocratic tradition, together with its 
changes in meaning over time and in accordance 
with contexts. A paradigmatic case for highlighting 
the difficulty facing historians wishing to carry out 
a retrospective diagnosis by means of the medical 
lexicon. 
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The petrification by Gorini: histological 
investigations on the preservation status 
of the skin
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Paolo Gorini (1813-1881) was one of the first sci-
entists who experimentedwith the“petrification” of 
corpses, a particular technique used to obtain an 
artificial preservation of bodies, which found wide ap-
plication in Italy in the 19th century. This technique al-
lowed the exact features of the deceased to be main-
tained and for tissue, internal organs and hair to be 
preserved, mostly in a state of stone hardness. This 
specific mechanism was based on the replacement 
of biological liquids with chemical preservatives ob-
tained through intravascular injections. Paolo Gorini 
performed “petrification” on hundreds of specimens, 
onentire cadavers as well as on parts of corpses, 
most of which are now housed in the Paolo Gorini 
Anatomical Collection of Lodi. Lodi is also home to 
the manuscript with the two formulas used by Gorini 
to petrify corpses: “a sulfuric acid solution in the pro-
portion of ten percent or an alcohol-saturated solution 
of mercuric bichloride and muriate of calcium in the 
proportion that the volume of the first is ten times that 
of the second”.
The aim of our work is to verify the preservation 
status of skin that was subjected to “petrification” 
by Gorini. Our study was carried out on an entirely 
petrified body of an unknown individual held in the 
aforementioned collectionat Lodi. The man had been 
affected by a widespread bulbous-bullous infection, 
possibly smallpox or pellagra. A superficial fragment 
of skin, free of lesions, was biopsied from the latero-
plantar region of the right foot. The analysis was 
performed using microscopic slides following the in-
clusion of the samples in epoxy resin, as well as by a 
stain with hematoxylin-eosin and Masson’s trichrome. 
Other sections were stained via immunohistochemi-
cal technique with anti-cytokeratin antibodies (AE1, 
AE3) and vimentin.
The histological investigations revealed discretely 
preserved epithelial tissue, with a structure that is still 
recognizable on the tangential sections. It is possible 
to distinguishan easily detachable epithelium of the 
stratum corneum and deeper, more cohesive, lay-
ers (stratum granulosum and spinosum) in which the 
shadows of nuclei are still recognizable. Histochemi-

cal investigations revealed positivity for cytokeratins 
and negativity for vimentin.
In contrast to natural or embalmed mummified bod-
ies, historic petrified specimens have never been 
histologically analyzed. This first study demonstrates 
that the “petrification” method performed by Gorini 
guaranteed good skin preservation, allowing its histo-
logical, histo-chemical, metachromatic and antigenic 
characteristics to be maintained.
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Places of culture. Museums  
and collections of pathological anatomy  
as vectors of new social relations
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Far from representing a sample of evidence without 
any current interest, the anatomical and pathological 
assemblages stored in academic structures are still a 
valuable scientific and cultural resource for museum 
collections. In fact, these findings are able to provide, 
through their precise historical contextualization, im-
portant data on epidemiological aspects and medical 
knowledge over the time. 
The lack of suitable places to store them and the ab-
sence of human and financial resources together with 
cultural and emotional barriers regarding the death, 
damn the biological items to the obscurity, despite 
attempts to enhance them through systematic ac-
tivities of cataloguing, restoration, conservation and 
exhibition.
The promotion of a newsensitivity towards these 
collections as well as the developmentof a network 
system among academic structures may promote the 
recovery of this biological heritage. These actions 
could increase the scientific value of the items as 
well as the the memory of the past and could consign 
to museums a new role of “places for the scientific 
reflection and the epistemological revision”. 
The public exhibition of the biological findings, in 
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accordance with human dignity as well as ethical 
values, could be a valuable teaching resource to-
wards the knowledge of the human body and also 
to promote the health awareness. The exposure of 
healthy organs and pathological ones –in reflecting 
of unhealthy behaviours and lifestyles or catastrophic 
natural events – may encourage a critical reflection 
on the culture of life. At the same time, past human 
stories, albeit incomplete and fragmentary, may also 
be an instrument of education in the culture of death 
and the values of solidarity. 
In conclusion, we suggest Museums and collections 
as vectors of new social relations to be shared with 
the “community of the living”, in order to promote acts 
of the highest moral value, through awareness cam-
paigns, on the donation of the post-mortem body for 
study and research purposes.
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Pathology Museums house ancient specimens ob-
tained during autopsies and generally used for edu-
cational purposes. The collections usually consist of 
dry and wet specimens showing diseases that no 
longer exist or with their natural course unmodified 
by therapies. The preservation of the macroscopic 
features due to the storage fluid has a great historical 
and paleopathological interest. In recent years, in-
creasing attention is being paid to the study of the 
wet specimens by modern techniques. Ancient DNA 
(aDNA) has been investigated in different specimens 
from natural history museums, but the experience 
with human material is still limited. The time elapsed 
between death and fixation, and the chemical com-

position of fixation and storage fluid may irrevers-
ibly damage the DNA, thus routine techniques may 
result ineffective. We propose a simple and reliable 
approach to aDNA collection and extraction from mu-
seum wet specimens.
Ten wet specimens were selected from the Pathology 
Collection of Turin and submitted to histopathologic 
re-evaluation. As the chemical composition of the 
storage fluids is currently unknown, pH value was 
measured in each specimen. Four cases representa-
tive of different classes of pH were submitted to DNA 
analysis by conservative sampling.
Tiny fragments of tissue were frozen at -20°C to 
obtain sixty 10 mm-thick sections, collected in micro-
tubes containing 1 ml of digestion solution (75 mM 
NaCl, 10 mM tris, 0.5 mM EDTA, pH 8.0) and 100 
ml of proteinase K solution (18 mg/ml). The samples 
were incubated at 56°C for 48 h and 50 ml fresh of 
proteinase K solution were added for 72 h. 400 ml of 
solution were extracted with magnetic beads using a 
Roche MAGNA PURE COMPACT instrument.
DNA quantity and quality were evaluated using the 
full absorption spectrum (220/340 nm) obtained 
by the Nanophotometer P 300 spectrophotometer. 
DNA concentration in ng/ml and absorbance ratio at 
260/280 nm were calculated from 4 ml samples. The 
quality of DNA was also observed by electrophoretic 
run in 1.3% of agarose gel. In order to verify DNA 
integrity, short tandem repeat (STR) analysis was 
performed using the PowerPlex 16 HS system (PRO-
MEGA) employed for personal identification.
The cases were originally diagnosed as lymphosar-
coma, uterine myosarcoma, esophageal, gastric, 
and rectal cancers, pancreas tumor, lung cancer, 
and pleural sarcoma. The range of pH values was 
comprised between 1.46 and 4.65. The pH value of 
the specimens submitted to DNA analysis was 2.56, 
3.15, 4.45, and 4.65 and the revised diagnoses were 
necrotic lung carcinoma, uterine leiomyosarcoma, 
lung metastases from squamous carcinoma of un-
known primary, and from uterine leiomyosarcoma.
The first two samples gave negative results on both 
spectrophotometer and electrophoretic runs. The 
other two showed a low quantity of DNA (6 ng/ml; 
7 ng/ml) with an absorbance ratio of 1.53 and 1.50 
at the spectrophotometric analysis. The electropho-
retic analysis showed a light band of DNA with mo-
lecular weight around 1000 bp in both samples. STR 
analysis displayed DNA fragmentation, evidenced by 
ladderization of the electropherograms result. The 
amplification of amelogenin STRs of chromosome X 
allowed the precise identification of one patient.
It is well known that DNA is better preserved in alka-
line medium, but its quantity and quality may be ac-
ceptable also in specimens preserved at pH around 
4.5. Museum wet specimens may represent a valid 
source of aDNA to investigate genetic molecular fea-
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tures of ancient diseases. The measurement of pH 
value of the storage fluid may be useful as a screen-
ing method for aDNA preservation.
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Investigating multiple traumas observed in an indi-
vidual or among members of an entire historic com-
munity has always been an area of great interest for 
paleopathologists and bioarchaeologists. One task 
faced by paleopathologists is related to the nature 
of the traumatic event. Such violent events can be 
accidental or intentional in origin. Intentional violence 
might be self-inflicted or an act from another person. 
Once this has been determined, discriminating be-
tween multiple injury events and a single event (with 
multiple fractures) is challenging. While assessing the 
skeletal collection from the post-classical necropolis 
of Selvicciola (Viterbo, Latium, Italy; 4th-8th centuries 
AD), an adult male burial revealed a unique pattern of 
healed injuries. This male (T 90/5) was buried without 
grave goods. His tomb is located far from the church, 
which is the centre of the necropolis. T 90/5 is part 
of a specific burial group of Longobards situated in 
South-Eastern funerary area (dated to later period of 
the 7th century AD). Of these elements we located 6 
fractures. This included a well healed nasal fracture, 
right clavicle fracture, a right scapula fractured with 
healing along the entire superior body (glenoid fossa 
to vertebral border), left scapula with an acromion 
process fracture healed but unfused, a healed rib 
right fracture and a left femoral neck fracture (un-
fused). This last facture appears to have happened a 
few months before his death. The lower edge of the 
fracture on the femur is well healed with a line of 2 

mm of new bone formation. Moreover, the periosteal 
surface under the neck shows eburnation compatible 
with the eburnation of the inner part of the head of the 
femur. The inner surface of the femoral head shows 
polished remodelled trabeculae lesion. Its creation 
can likely suggest that a pseudo-articulation between 
the edge of the diaphysis and the head of the femur 
was formed as a result of movement of the joint area 
after the fracture occurred. Also related to the health 
status of the male is the considerable state of DJD 
of long bones, as well as the significant evidence of 
vertebral OA and Schmorl’s nodes. Towards the end 
of his life this individual was suffering from a number 
of chronic problems, which produced skeletal lesions 
specific to biomechanics and old age. Some of this 
might have been influenced by the trauma experi-
enced earlier in life. Likely, at the end his life his last 
fracture might have been due to osteoporosis of the 
femoral neck. The survival of this man testifies to 
community care and a high value given to human life. 
The variety of implications in this case-study inform 
us the care for this individual, that for most part of his 
life was a disable. Not only the injuries, but also the 
pain suffered had to affect his daily life. In the end, the 
protocol of cares was realized by the community at 
least two times; for the first pattern of trauma (nose, 
shoulders, clavicle and rib) and for the femur break. 
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Rheumatoid arthritis is a chronic, systemic, inflamma-
tory condition that starts from a synovitis, leading to 
diffuse erosions in the marginal area of joints and fi-
nally conducting to articular deformity and destruction 
of bone ends. The aetiology of the disease is unknown 
but multiple genetic and environmental factors have 
been linked to its development. According to clinical 
studies, 10-30% of cases undergo healing of lesions 
and spontaneous remission of the disease.
Today’s approach to inflammatory diseases is condi-
tioned by the early diagnosis, thanks to the evolution 
of the diagnostic methods and by the mitigation of 
drug therapies. In the past, the remission was en-
trusted only to the individual’s immune resistance. 
A case of erosive polyarthropathy has been discov-
ered in an elderly male individual recovered from the 
medieval cemetery of San Biagio in Cittiglio (northern 
Italy). The well preserved skeleton was unearthed in 
the external area in front of the church access and, 
according to the archaeological stratigraphy, it dates 
back to a period between the 12th and the 13th cen-
tury. The bone elements, following macroscopic and 
microscopic analysis, exhibit several erosive lesions 
with symmetrical distribution, affecting firstly the ap-
pendicular skeleton of the little joints of hands and 
feet and other larger joints, such as the shoulder, 
elbow and hip. The bony tissue involved by the ero-
sions is the so-called “bare area”, in the marginal 
region of the joints, where the synovium membrane-
lined bone is found. 
The diagnosis of this erosive polyarthritis is compli-

cated by the mild expression of the lesions and by 
the presence of a subtle sclerotic border to some 
erosions radiographically observed. Next, a careful 
differential diagnosis was necessary to clarify the ae-
tiology of the polyarthropathy; the skeletal distribution 
of the lesions and their macroscopic and radiological 
appearance are suggestive of a case of rheumatoid 
arthritis-like polyarthropathy. A hypothetical remission 
phase of the disease, as demonstrated by the fre-
quent presence of smoothed borders and sclerosed 
margins on radiographic images, is also suggested. 
Co-existence of diffuse marginal lipping, joint de-
generation and severe areas of eburnation, is also 
recorded, suggesting a co-morbidity of the erosive 
condition with osteoarthritis, which is compatible with 
the advanced age of the individual.
With this medieval case, we present new evidence 
of the existence of erosive arthritis and, specifically, 
of rheumatoid arthritis-like polyarthropathy in Europe 
before the discovery of the Americas, entering into 
the long debate about the antiquity of the disease 
that, firstly, was considered as originating in the New 
World and subsequently spread to the Old World. 
On the basis of this and other already published 
cases, rheumatoid arthritis seems to have been pres-
ent in Europe more anciently than was previously 
thought.
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Between 2012-2014 the Superintendence of Archae-
ology, Fine Arts and Landscape of Emilia-Romagna, 
has conducted archaeological fieldworks on a large 
Late Medieval cemetery (14th-16th century), which 
archaeological and documentary sources attribute 
to a Jewish context. The Laboratory of Bioarchaeol-
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ogy and Forensic Osteology of University of Bologna 
conducted an anthropological study on a sample of 
130 individuals. This contribution aims to present four 
possible cases of venereal treponematoses (TT. 91, 
136, 170, 187).
Human skeletal remains of graves 91, 136, 170, 
and 187 were examined to reconstruct the biological 
profiles and to conduct paleopathological and tomo-
graphic analyses, given the presence of lesions on 
several anatomical districts. Cranial lesions were 
present on individuals from TT.91 (M, 25-35 years), 
170 (M, 25-35 years) and 136 (M, 15-18 years), 
in which simultaneous destructive and proliferative 
processes (caries sicca) with focal destruction and 
remodeling of the external surface and diploe are 
denoted. Long bones of these three individuals also 
present osseous alteration such as gummatous os-
teoperiostitis, with an increased bone density and 
non-uniform thickening. Individual of T. 187 (11-12 
years) presents a hole (3 cm Ø) located on frontal 
bone, whose margins are remodeled with proliferative 
processes both on ectocranial and endocranial sides. 
These lesions are likely linked to treponematosis 
(bacterial infection by Treponema), interpreted as 
venereal syphilis. After differential diagnoses, we 
suppose the individuals of TT. 91 and 170 were likely 
affected by an advanced stage of the infection, while 
individual T. 136 seems to have been affected by 
a tardive congenital form of the disease. Lesions of 
individual of T.187 suggest an infective origin, but 
poor bone preservation prevents a clearer interpreta-
tion. These cases of treponematosis, possibly linked 
to venereal syphilis, are relevant for paleoepidemic 
aspects, as well as contributing to only few Italian 
osteological cases dating to the same period.

A probable case of spinal tuberculosis. 
The 18th-20th century concealed body of 
Azzio, Varese, Northwestern Italy
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Spinal tuberculosis (STB) is a well-known disease in 
paleopathology. Paleopathologists have highlighted 
in the last decades some morphological criteria for its 
diagnosis. Commonly, we are witnessing the destruc-
tion of the intervertebral disc space and the adjoin-
ing vertebral bodies, the collapse of the vertebrae 
and the anterior wedging which lead to a structural 
kyphosis classifiable in gibbus deformity. Here we 
present the probable STB case of a male subject, 55 
years, concealed between the 18th and the first half 

of the 20th century in the Franciskcan monastery of 
Azzio, Varese, Italy. The skeleton was found both in 
an optimal state of preservation and representation. 
Anthropological analysis was performed according 
to Buikstra and Ubelaker standards. Paleopathologi-
cal diagnosis was conducted thanks to macroscopic, 
microscopic and radiographic analysis, also in order 
to perform the differential diagnosis. Even if STB was 
widely present in the last centuries in northwestern 
Italy, only few paleopathological cases was directly 
studied.
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Cystic echinococcosis (CE) is a zoonosis caused by 
Echinococcus granulosus. The life cycle of the para-
site develops in the canids, which house the adult 
tapeworm in the intestine, and in the intermediate 
mammal hosts. Humans are occasional dead-end 
hosts, infected by eggs ingestion via fecal-oral route. 
The larvae from the digested eggs penetrate the hu-
man gut wall and are disseminated throughout the 
body by the blood. The soft tissues involved at the 
level of the capillaries may host the larvae, and the 
hydatid cyst can develop in different organs. The liver 
is the first organ that the larvae encounter through 
the blood stream and consequently it is the most fre-
quently involved; it is followed by the lungs and then 
other organs in frequency. 
The hydatid cyst is a fluid-filled formation that grows 
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centrifugally and that can survive in the intermediate 
host for years. In 10 years, it can growth to a diameter 
of 15-20 cm. Inside hyaline outer membrane, a cellu-
lar germinating layer produces microcystic structures 
that develop scolices. The scolices pouring out of the 
cyst develop one or more cysts that can reach every 
tissue. The life cycle is completed when the definitive 
host feeds on organs of the intermediate host that 
contain fertile metacestodes. Death of the germinat-
ing layer within the metacestode produces calcifica-
tion of the cyst wall in the intermediate host. 
Calcified hydatid cysts found as archaeological finds 
are generally associated with skeletal remains in the 
thoraco-abdominal site. In archaeological records, 
the presence of echinococcosis is underestimated, 
and the find is relatively rare for different reasons: 
1) difficulty of recognition by archaeologists; 2) need 
of accuracy in excavation and recovery of osteoar-
cheological remains; 3) fragility of calcified formation 
in the soil. Furthermore, the taphonomic alterations 
can cause the translation from the original site of the 
calcified formation and undermine the recognition of 
the organ affected. 
In Italy there are only two archaeological samples 
of calcified formation, most probably of echinococ-
cosis origin, described in the paleopathological lit-
erature: one from Siena (13th-14th centuries) and 
one from Abruzzo (early 20th century). In this report 

we describe another calcified formation found in the 
archaeological excavation of the monastic site of 
Badia Pozzeveri, near Lucca, Tuscany, for which we 
propose a diagnosis of CE. 
This finding comes from a privileged lithic coffin built 
on the northern side of the monastic Church of San 
Pietro. The grave was used in the 13th century as 
collective burial by the same laical family group. Cal-
cification, associated with a female individual of about 
35-45 years, was discovered in the thoraco-abdomi-
nal region. We propose the diagnosis of hydatid cyst 
from Echinococcus granulosus based on gross mor-
phology, micro-morphology, and a multicomponent 
approach with cone beam computed tomography, 
SEM/EDS and stable isotope analysis. 
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Biparietal osteodystrophy (BO), with symmetrical and 
bilateral thinning of the parietal bones, is a condition 
rarely discussed in the paleopathological literature. 
In the past, it has been described as a non-metric 
trait, anatomical variation and development anomaly. 
Even though the aetiology is still unknown, today 
it is described as a pathological condition. In many 
individuals it appears to be age-related, therefore it 
has been attributed to osteoporosis, postmenopausal 
and senile atrophy. Other causes could be congeni-
tal and hereditary transmission. Here, we presented 
a possible case of BO, detected on the remains of 
a 50-years-old female subject (Tomb 8) excavated 
in the cemeterial area of the medieval church of 
Sant’Agostino in Caravate (Varese). Anthropologi-
cal analysis was performed in accordance with the 
standards proposed by Buikstra and Ubelaker. Pa-

Figure. Hydatid cyst from a 13th century burial of the Ab-
bey of Badia Pozzeveri, Lucca.
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leopathological conditions were evaluated macro-
scopically and microscopically. Moreover, CT scan 
was carried out to investigate pathological evidences. 
Even if the cause of this uncommon condition is not 
yet well understood, the present case is highly signifi-
cant as it enters into the debate upon the aetiology of 
the disease.
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Atherosclerosis and its complications represent an 
important health problem throughout the modern 
world, although it seems to have accompanied hu-
manity since its beginnings. Important documents 
have been reported in mummified remains. Ath-
eromas may undergo extensive deposition of calcium 
and bone metaplasia (Monckeberg’s arteriosclerosis) 
and persist to the disintegration of the soft tissues.
A complete 45-55-years-old male skeleton, 165 cm 
tall, from bishop’s Palace in Ivrea (Turin) was dis-
covered during archaeological excavation in 2016. 

Radiocarbon analysis dated the skeleton to 1400-
1600 AD. 
During skeletal preparation in laboratory, an ectopic 
biological calcification tubular shaped (19 mm in 
length and 7 mm in diameter) were detected among 
pelvic bones. 
At the macroscopic examination, the finding appears 
as an irregular tubular calcification; in cross section, 
the mineralized deposits span the entire volume of 
the lumen and some bony trabeculae in the central 
space are well defined. 
Severe calcification of the blood vessel is supposed. 
Calcification along the expected course of an artery/
vessel was considered to be probable atherosclero-
sis. In relation to the anatomical localization it is sup-
posed to be an atherosclerotic calcification of iliac or 
femoral artery. 
The case study reports an uncommon finding of arte-
rial/vessel calcification detected on skeletal remains 
of an adult male from the post-medieval period. Since 
the age plays an important role in atherosclerosis, we 
do not exclude that vascular calcifications affected 
arteries in many regions of the body. The presented 
paleopathological specimens suggest that our knowl-
edge of risk factors and the etiology of atherosclerosis 
are incomplete. A chronic inflammatory burden may 
have played a greater role than previously considered 
in ancient cultures and population including upper 
classes of Italian Renaissance. While increasingly 
prevalent with age in ancient and modern cultures, 
a strong gene-environmental interplay is established 
in the development of atherosclerosis across the 
lifespan. While genes create the vulnerability, the 
environment determines when and if atherosclerosis 
becomes manifest clinically.
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