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A B S T R A C T   

In forensic anthropology, many small biological non-osseous materials may be found associated to skeletonized 
remains and can provide crucial information to the biological profile. Indeed, their careful recovery and correct 
identification can add information related to age-at-death, sex, ancestry, health, diet, migration and habits, and 
may be used in specific analysis such as DNA typing. However, and despite their potential, little is known about 
these non-osteological materials. Indeed, how frequent are they in dry bone cases? To answer this question, 100 
skeletal remains with postmortem intervals ranging from 23 to 76 years from the CAL Milano Cemetery Skeletal 
Collection were meticulously examined for the presence of non-skeletal materials and in particular ossified 
cartilage, vascular calcifications, hair and nails. As a result, non-skeletal materials were found in 81 skeletal 
remains and showed high frequencies of recovery, despite the less-than-optimal conditions of exhumation of the 
skeletons. The high frequencies of non-skeletal materials obtained demonstrate the need for additional training 
and research given their informative power in forensic cases.   

1. Introduction 

In the forensic anthropology practice, the analysis of skeletal remains 
is not limited to the examination of bones, but also includes biological 
remains they may be associated with. The recovery of such material can 
provide additional information to the construction of the biological 
profile, as these elements may be indicators of advanced age (e.g. ossi-
fied cartilage), products of pathological conditions (e.g. vascular calci-
fication, biological stones, pleural plaques) or serve for specific analyses 
(e.g. hair and human nails).1 However, these may be challenging to 
recognize, especially if fragmented or degraded, mixed with soil, roots, 
dirt and bone fragments and can thus be macroscopically mistaken for 
other elements. It is therefore important to know what these 
non-skeletal materials look like to become aware of them. Previous 
studies have endeavored to document the macroscopic and microscopic 
features of non-osseous material commonly found in association with 
skeletal remains including vascular calcifications, biological stones and 
cysts,2–11 in order to provide criteria for their identification in dry bone 
scenarios using accessible low-cost techniques. Yet, reporting of these 
non-skeletal materials in forensic cases remains rare.12 But how frequent 
are these biological non-osseous materials in skeletonized remains? Are 

they uncommon or a frequent but slighted occurrence? The present 
study aims to answer the question of their frequency in order to raise 
awareness on their existence and importance in forensic scenarios. 

In this research, 100 skeletons randomly selected from the CAL 
Milano Cemetery Skeletal Collection have been examined in order to 
understand the frequency of biological non-skeletal materials in dry 
bone scenarios, in particular hair, nails, ossified cartilage and vascular 
calcifications (specifically, intimal and medial artery calcifications). 

2. Materials and methods 

For the present study, 100 skeletons from the CAL Milano Cemetery 
Skeletal Collection13 have been included. The CAL Milano Cemetery 
Skeletal Collection13 is a modern and documented collection of 2127 
unclaimed skeletons from the cemeteries of Milan in accordance with 
article 43 of the Italian National Police Mortuary Regulation (September 
10, 1990, n◦285). The individuals were exhumed by cemetery workers 
without any forensic anthropology expertise by means of heavy ma-
chinery: the bones were collected with the surrounding soil with back-
hoes and stored in zinc containers. The skeletonized remains of each 
individual, if left unclaimed by the family after a minimum of 10 years, 
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are ready to enter the collection. 
Sample selection for this study was performed without any prior 

strategy; 100 skeletal remains were randomly selected from the CAL 
Milano Cemetery Skeletal Collection for this study. The skeletal remains 
of each individual of the study sample were carefully examined for the 
recovery of four types of biological non-skeletal material: ossified 
cartilage, vascular calcifications (namely, intimal and medial artery 
calcifications), hair and nails. These materials were selected for their 
high informative power in forensic cases. The present study design was 
not concerned with the quantity of material found but rather their 
presence, as the aim of the study to understand the frequency of the 
finding of non-skeletal material to alert forensic anthropologists on the 
importance of their consideration. The material was found in situ: nails 
(fingernails and/or toenails) were collected from distal phalanges, 
ossified costal or laryngeal cartilage were taken from ribs or identifiable 
ossified laryngeal cartilage, hair was sampled directly attached to the 
cranium and/or the pubic bones, and vascular calcifications, including 
intimal and medial artery calcifications, were found within the cranium 
or in tights and socks. The presence of these biological non-skeletal 
materials was recorded for each individual in the study sample. Spe-
cial attention was given to the material associated with the bones: after 
studying the skeleton, all the dirt and soil associated to the bones and 
present in the container of the skeletal remains was meticulously sieved 
with a 1.5 mm woven wire for the recovery of vascular calcifications, 
identified following Biehler-Gomez et al.,2 as well as complete nails. 

As the recovery of these biological non-skeletal materials may be 
impacted by the state of preservation of the remains and taphonomic 
factors, each skeleton was evaluated for completeness and preservation, 
adapting two indices of Bello et al.,14 the anatomical preservation index 
and the qualitative bone index, as follows. 

The anatomical preservation index (API) was scored in six classes,14 

to represent the state of completeness of the skeleton under 
examination: 

Class 1: Skeleton not preserved (0% of the skeletal system 
preserved); 

Class 2: 1–24% of the skeletal system preserved; 
Class 3: 25–49% of the skeletal system preserved; Class 4: 50–74% of 

the skeletal system preserved; Class 5: 75–99% of the skeletal system 
preserved; 

Class 6: Skeleton completely preserved (100% of the skeletal system 
preserved). 

Similarly, the qualitative bone index (QBI) was scored in six clas-
ses,14 to represent the qualitative preservation of the skeleton, which is 
indicative of the damage suffered from taphonomic alterations: 

Class 1: 0% of sound cortical surface on the entire skeleton; 
Class 2: 1–24% of sound cortical surface on the entire skeleton; 
Class 3: 25–49% of sound cortical surface on the entire skeleton; 
Class 4: 50–74% of sound cortical surface on the entire skeleton; 

Class 5: 75–99% of sound cortical surface on the entire skeleton; Class 6: 
Cortical surface completely sound on the entire skeleton. 

3. Results 

The study sample and the results of the study are presented in 
Table 1. As a result, the study sample was surprisingly equally repre-
sented between both sexes (50 females and 50 males). Ages-at-death 
ranged between 20 and 102 years old, with a mean age of 71.86 and a 
median age of 77. Postmortem intervals (PMI) ranged between 23 and 
76 years with a mean of 30 years and a median value of 29 years. The 
mean value of the anatomical preservation index (API) was 4.15, 
equivalent to an average state of completeness of the skeletons of 
50–74%, although completeness ranged from poorly preserved (class 2: 
1–24% complete) to very-well preserved skeletons (class 5: 75–99% 
complete). By opposition, the mean value of the qualitative bone index 
(QBI) was 4.54, meaning that taphonomic preservation of the skeletal 
remains was good, with an average 50–74% of sound cortical surface. 

Overall, taphonomic preservation of the remains ranged from class 3 
(25–49% of sound cortical surface) to class 6 (cortical surface 
completely intact on the entire skeleton). 

In total, non-skeletal materials were found in 81 skeletal remains of 
the study sample (Table 1). In particular, nails were found in 19 in-
dividuals, vascular calcifications in 29 individuals, ossified cartilage in 
30 individuals and hair in 54 individuals of the study sample of 100 
skeletons (Fig. 1). 

Non-skeletal materials were found in 41 females and 40 males, with 
ages-at-death of 20–102 years, ranging from incomplete and tapho-
nomically altered (class 2 API, class 3 QBI) to almost complete and 
perfectly preserved (class 5 API, class 6 QBI) (Table 2). 

4. Discussion 

4.1. Ossified cartilage 

Costal and laryngeal cartilage ossification is a normal physiological 
process in their microstructure, related, among other factors, to 
advanced aging. The onset of cartilage mineralization is estimated in the 
second to third decade of life while ossification may start in specific 
areas in individuals as young as 19 years.15–17 The patterns and extent of 
cartilage ossification have been studied for their potential use for sex 
and age estimations.17,18 Although these methods are not accurate 
enough to be used in forensic sciences because of the influence of other 
variables, their ossification sequence can provide a general indication of 
age by differentiating broad age groups and may suggest a possible sex 
estimation when no other method can be applied. 

In the present study, costal and laryngeal ossified cartilage was found 
in 30% of the study sample (Fig. 2). Ossified cartilage was not collected 
in individuals younger than 39 years (mean age of 76.5 years – Table 2), 
which is not surprising given that cartilage ossification is a physiological 
process related to advanced aging. The PMI and state of preservation of 
the skeletal remains did not seem to play a role in the recovery of the 
material as it was found in individuals with a mean PMI of 29.6 years 
(consistent with the mean PMI of the study sample of 30 years) with 
largely incomplete skeletal remains (API class 2: 1–24% complete) and 
medium preservation (QBI class 4: 50–74% of sound cortical surface) to 
well-preserved skeletons (API class 5, QBI class 5) (Table 2). 

4.2. Vascular calcifications 

Cardiovascular diseases are very prevalent in modern populations19 

rendering their consideration unavoidable and necessary in forensic 
sciences. Intimal and medial artery calcifications are the result of 
complicated multi-step processes that are still not fully understood.20–23 

Intimal artery calcification, or atherosclerosis, is a chronic, progressive, 
pro-inflammatory and fibroproliferative condition creating plaques in 
the tunica intima of the walls of large and medium-sized arteries20,22; 
whereas medial artery calcification, or Mönckeberg’s arteriosclerosis, 
associated to type II diabetes mellitus and chronic kidney disease, in-
duces the calcification of the tunica media of the femoral, tibial, and 
uterine arteries, most commonly.5 As these calcifications are the direct 
product of the vascular diseases, their recovery and identification con-
stitutes a surrogate pathological marker.24 Interestingly in forensic sci-
ences, their calcified properties enable them to survive the 
decomposition processes and be found in skeletonized remains.2 Histo-
morphology can allow the recognition and identification of the vascular 
calcifications, even over 20 years after death,11 but histological thin 
sections on this biological material also evidenced the paucity of cellular 
material preserved after such a long PMI, potentially compromising its 
suitability for further analyses. 

In this study, vascular calcifications were found within the cranium 
or trapped in tights or socks at a frequency of 29% among skeletal re-
mains (Fig. 3). Vascular calcifications were found equally among males 
and females (15 males and 14 females – Table 2); however, they do seem 

L. Biehler-Gomez et al.                                                                                                                                                                                                                        



Journal of Forensic and Legal Medicine 78 (2021) 102125

3

Table 1 
Study sample and biological non-skeletal materials found.  

N◦ Sex Age PMI Completeness Quality of preservation Ossified cartilage Vascular calcifications Nails Hair 

1 M 85 29 3 4    x 
2 F 56 29 5 5    x 
3 M 87 29 4 4    x 
4 F 75 29 5 5   x x 
5 F 79 29 5 5 x   x 
6 F 83 29 5 5   x x 
7 F 79 29 4 4    x 
8 F 83 30 5 5   x x 
9 F 57 29 3 5   x x 
10 M 67 30 5 5    x 
11 M 83 30 3 4     
12 M 72 29 3 4    x 
13 M 77 29 5 5     
14 M 90 30 5 5 x  x x 
15 M 82 29 5 5 x   x 
16 F 86 29 4 5   x x 
17 M 71 29 5 5 x  x x 
18 F 70 29 5 5    x 
19 F 90 30 5 5 x   x 
20 F 82 29 5 5     
21 F 86 29 5 5 x  x x 
22 M 60 29 4 5    x 
23 F 55 29 5 5   x x 
24 M 51 29 5 4 x   x 
25 M 52 30 5 5 x   x 
26 M 76 30 5 4    x 
27 M 28 29 5 5   x x 
28 M 78 29 5 4    x 
29 F 91 29 5 5     
30 M 39 29 5 5 x   x 
31 F 65 30 4 4   x x 
32 F 86 29 5 5 x    
33 M 80 29 3 4     
34 F 80 29 5 5    x 
35 F 83 29 4 5    x 
36 F 58 29 4 5 x   x 
37 F 87 29 5 5 x  x x 
38 M 68 29 4 5 x   x 
39 M 76 30 5 5    x 
40 F 76 29 5 5    x 
41 F 83 29 3 4    x 
42 M 54 30 4 5     
43 M 70 29 5 4     
44 M 42 29 5 5  x x x 
45 F 47 29 4 5 x x  x 
46 M 75 29 4 5  x   
47 F 76 29 5 5    x 
48 M 83 29 4 5 x x   
49 F 87 28 5 5 x x  x 
50 M 85 28 3 5  x   
51 M 85 28 5 4 x x   
52 F 74 29 4 4  x x x 
53 M 61 29 4 5     
54 M 70 28 5 5     
55 M 31 29 5 6   x x 
56 M 85 29 5 5 x    
57 M 77 28 4 5     
58 F 84 28 4 4 x x   
59 M 81 29 3 4  x   
60 F 102 29 3 4  x   
61 M 76 29 4 5    x 
62 M 81 28 4 5  x   
63 F 95 28 4 4  x   
64 M 87 29 5 5 x x   
65 F 76 29 4 5  x x  
66 F 68 28 4 5    x 
67 M 81 29 3 5 x x   
68 F 68 28 4 5   x x 
69 F 56 29 4 5  x   
70 F 85 28 4 4     
71 F 83 29 3 4  x   
72 F 85 28 3 4  x   
73 F 85 28 4 5 x  x x 
74 F 82 29 4 4  x   

(continued on next page) 
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to favor a particular age group. Indeed, the biological calcifications were 
collected in individuals ranging between 42 and 102 years old with a 
mean age of 78.5 years and were thus absent in the young adult age 
group of the study sample. This is consistent with clinical data as 
vascular calcifications are present in 50% of individuals between 40 and 
49 years and in 80% of individuals aged 60–69 18. Contrary to age-at- 
death, PMI and state of preservation did not appear to be meaningful 
factors influencing the recovery of vascular calcifications as they were 
found in individuals with an ample range of preservation (API class 2–5 
and QBI class 4–5) and a PMI spanning 23–35 years (Table 2), demon-
strating that vascular calcifications may be found up to 35 years after 
death, regardless of the state of preservation of the skeletal remains. 

Table 1 (continued ) 

N◦ Sex Age PMI Completeness Quality of preservation Ossified cartilage Vascular calcifications Nails Hair 

75 M 69 36 2 4     
76 F 71 33 3 4     
77 F 77 34 2 3     
78 M 89 33 4 4 x x   
79 F 74 36 4 4     
80 M 74 35 3 4 x x   
81 F 79 33 2 4     
82 M 70 35 4 4 x    
83 F 86 34 2 4 x x   
84 M 80 34 4 4 x x   
85 M 78 34 5 5  x   
86 M 88 35 3 4     
87 M 28 29 4 4    x 
88 M 49 28 4 5    x 
89 F 66 23 3 4 x   x 
90 F 57 23 4 4    x 
91 M 56 23 5 4  x   
92 F 78 29 4 4     
93 F 88 29 5 4 x x x x 
94 M 80 28 4 4  x   
95 M 79 28 4 4 x   x 
96 F 39 57 4 4     
97 F 74 29 4 4  x   
98 M 26 52 4 4    x 
99 M 20 54 4 4    x 
100 F 22 76 4 4    x  

Fig. 1. Frequency of the finding of non-skeletal calcified material out of 
100 skeletons. 

Table 2 
Correlations between biological non-skeletal material findings and other factors considered in this study.   

Sex Age-at-death PMI Completeness Quality of preservation 

Males Females Range Mean Range Mean Range Mean Range Mean 

Ossified cartilage 17 13 39–90 76.5 23–35 29.6 2–5 4.4 4–5 4.6 
Vascular calcifications 15 14 42–102 78.5 23–35 29.4 2–5 3.9 4–5 4.4 
Nails 5 14 28–90 70 28–30 29 3–5 4.6 4–6 4.9 
Hair 24 30 20–90 66.7 23–76 30.6 3–5 4.4 4–6 4.7 
Total sample 50 50 20–102 71.9 23–76 30 2–5 4.15 3–6 4.54  

Fig. 2. Costal (on the right – skeleton n◦56) and thyroid ossified cartilage (on the left – skeleton n◦65).  
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4.3. Nails 

Human nails are of particular interest in forensic sciences as they can 
be used for personal identification through DNA typing,25–28 the 
detection of drugs through toxicological analysis29–31 and the recon-
struction of travel history, diet and the determination of the region of 
birth through isotopic analysis.32–34 Fortunately, their hardened struc-
ture due to keratins provides resistance to environmental factors and 
decomposition,35,36 allowing them to be found in skeletonized remains. 
Nonetheless, after prolonged burial, nail keratin may be subject to sig-
nificant degradation impacting DNA and isotopic analyses and 
compromising the results.34 Moreover, studies have argued that the nail 
ridge pattern is unique to each person,36,37 and can be used as a mean for 
personal identification38,39 or to link a suspect to a crime scene or a 
victim.36 

In this research, nails were found in 19% of the skeletal remains 
examined, still attached to the distal phalanges of hands and feet, or 
intact among the soil and dirt recovered during the exhumation (Fig. 4). 
Nails were found in individuals of all age groups (ranging 28–90 years) 
and with a PMI of 28–30 years. Interestingly, the material was collected 
in 14 females and only five males, but no physiological explanation 
could be found to account for this difference. The state of preservation of 

the remains seemed slightly more relevant to the recovery of nails as a 
completeness of the remains of at least 25% was necessary (API ranging 
from class 3 to 5 and QBI ranging from class 4 to 6) and the mean values 
for completeness (API 4.6) and quality of preservation (QBI 4.9) of the 
skeletons in which nails were found were marginally higher than for the 
total study sample (API 4.15 and QBI 4.54 – Table 2). 

4.4. Hair 

Hair analysis has proven to be of great utility in forensic cases as a 
diagnostic tool of drugs of abuse investigation40 and more generally for 
the detection of drugs, chemicals and biological substances.41 It can thus 
implement the biological profile with ancestry and age-at-death infor-
mation,42,43 as well as health and circumstances of death (e.g. detection 
of poisoning, drug intake, and environmental contaminants).42,44–46 In 
addition, hairs may be used for DNA analysis and serve in traumatic 
damage analysis, thus potentially providing information in specific cases 
such as child abuse.47 Hair is a resistant structure capable of surviving 
over centuries43 making it a type of biological non-skeletal material that 
should not be disregarded in forensic cases. However, similarly to nails, 
after prolonged burial, hair keratin may be subject to significant 
degradation impacting DNA and isotopic analyses.34 

In the present study, hair was found attached to the cranium and/or 
pubic bones in over half of the skeletal remains under examination 
(Fig. 5). Hair was collected in individuals of both sexes (24 males, 30 
females) and of all age groups (ranging from 20 to 90 years) with the 
shortest to the longest PMI of the study sample (ranging between 23 and 
76 years after death – Table 2), thus showing that none of these factors 
played a role in the recovery of the material. The state of preservation of 
the skeletal remains was not a determinant influence either as API 
ranged from class 3 to 5 (thus starting at 25% of completeness) and QBI 
from class 4 to 6 (starting at 50% of sound cortical surface on the entire 
skeleton). 

These results demonstrate that biological non-skeletal materials may 
be found in both sexes and all adult age groups (juveniles were not 
present in the study), regardless of the state of preservation of the 
skeletal remains, and in very high frequencies. In particular, ossified 
cartilage and vascular calcifications were more common in middle aged 
adults and older adults as advanced age is a factor in their formation, 
whereas nails and hair were found in all age groups indiscriminately. 
The study also evidenced that ossified cartilage, vascular calcifications, 
hair and nails can be found after a very long PMI as they were recovered 
in individuals with PMIs ranging from 23 to 76 years after death. Finally, 
the state of preservation of the remains was not a determinant factor in 
the recovery of these biological non-osseous materials as they were 
found in skeletons ranging from poorly (API class 2; QBI class 3) to very 
well-preserved (API class 5; QBI class 6). 

Interestingly, these results actually represent a worst-case scenario. 
Indeed, the skeletal remains of the CAL Milano Cemetery Skeletal 
Collection were exhumed by cemetery workers by means of heavy ma-
chinery. Hence no proper forensic care was given in the recovery of the 
remains and it is more that likely (as attested by the state of complete-
ness of the remains) than many osteological and biological non- 
osteological elements may have been lost in the process. Indeed, in 
the exhumation, many bones are often left behind, the associated soil is 
not carefully recovered, and the skeletal remains may be extensively 
damaged. Thus, we expect even higher frequencies of findings in 
adequate forensic settings. Yet, very few reports describe their recovery 
and identification in forensic cases.12 

The high frequency of biological non-skeletal material finding in a 
worst-case scenario with very long PMIs presented in this research tes-
tifies to the need for additional training in their recognition and re-
covery in dry bone scenarios, and research for their analysis as they can 
provide substantial information in forensic cases, in particular to 
implement the biological profile with information regarding advanced 
age and pathological conditions, or to perform further analyses (such as 

Fig. 3. Intimal artery calcifications (skeleton n◦78).  

Fig. 4. Nail found associated to skeleton n◦21.  
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DNA typing or toxicological analyses). 

5. Conclusion 

All too often in forensic practice, the study of skeletonized cases is 
limited to the examination of bones with little regard for what may 
accompany it, hidden in the dirt and nearby soil. Yet, non-skeletal ma-
terials have proven to be of great informative potential in forensic cases, 
adding information to the biological profile, diagnosing diseases, 
providing details about health, diet and migration, detecting biological 
and chemical substances, or serving for DNA typing. 

The aim of the present study was to investigate the frequency of non- 
skeletal materials in dry bone cases, and in particular ossified cartilage, 
vascular calcifications (here, intimal and medial artery calcifications), 
hair and nails based on the study of 100 skeletons from the CAL Milano 
Cemetery Skeletal Collection. As a result, biological non-osteological 
material was found in 81% of the study sample, demonstrating not 
only that they may be found in dry bone scenarios with very long PMIs 
and regardless of the state of preservation of the remains, but that they 
should be found far more frequently than currently evidenced in the 
literature. The high frequencies of these biological non-skeletal mate-
rials in skeletal remains argue for the need for additional training in 
their recovery and recognition, as well as research in their analysis given 
their informative power in forensic sciences. 
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