Journal of Morphological Sciences
J Morphol Sci
Brazilian Society of Anatomy

Original Article
J Morphol Sci 2024;41:107-113

Osteopathologies in Skulls from a Contemporary Osteological
Collection in Northeastern Brazil

Allyson Rodrigo de Oliveira Lopes?, Anderson Felipe da Silva Santos?, Rayan Mateus Moraes do Nascimento?, Geise Kelly de
Oliveira Santos®, Maria Barbara Romado de Santana Silva*, Carolina Peixoto Magalhdes®, Gilberto Santos Cerqueira®

Doctor in Morphofunctional Sciences from the Federal University of Ceara (UFC). Professor of anatomy and physiology at the Vitoria de Santo
Antao University Center (UNIVISA), Brazil

?Master in Pathology. Professor of Basic, Technical and Technological Education at the Federal Institute of Education, Science and Technology
of Pernambuco (IFPE), Brazil

3Undergraduate student, Academic Center of Vitoria (CAV) - UFPE, Brazil

“Undergraduate student, UNIFACOL University Center, Brazil

sCoordinator of the Laboratory of Human Identification and Forensic Osteology (LIHOF). Adjunct Professor at the Federal University of
Pernambuco (UFPE), Brazil

Professor of the Graduate Program in Morphofunctional Sciences, Universidade Federal do Ceara - UFC, Brazil

Disclose and conflicts of interest: none to be declared by all authors

ABSTRACT

Introduction: bones are a bridge between the world of the dead and the living and are often all that a forensic anthropologist
has to identify individuals. The skull is a bone element widely used in forensic investigations, as it provides data on the
bioanthropological profile. Numerous health conditions can leave permanent marks on bones, which can provide information
about individuals. The aim of this study was to analyze the prevalence of osteopathologies in skulls from an osteological
collection in northeastern Brazil. Three independent researchers evaluated a total of 98 skulls with known sex to analyze 9
cranial osteopathologies. In addition, the size of the styloid process of the skulls was measured using a calibrated caliper.
After analysis, the kappa test was used to determine intra-observer reliability and the chi-square and Fisher’s exact tests were
used to assess the significant difference between the sexes. The analysis revealed a significant difference between the sexes
in the measurement of the styloid process (N=60), with N=6 (10%) for males (p<0.045); no elongated styloid process was found
in females. No significant differences were found in the other osteopathologies analyzed. Diseases that mark the bones can be
important data to take into account in forensic analyses, especially since some can be taken as individualizing factors and help
elucidate forensic issues. There is little data on the prevalence of many of these conditions in the Brazilian population, making
it necessary to conduct further studies with collections of skeletons identified from different areas of Brazilian territory, which
is very marked by miscegenation, to add data to the country’s forensic sciences, which are still in their infancy but promise to
advance in the coming years.
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Introduction

Within the scope of forensic investigations,
anthropology uses a series of tools to identify human
remains. As the corpse undergoes decomposition,

for bioanthropological research and the progress
of forensic sciences. These identified international
reference osteological collections are spread
all over the world such as the St. Bride’s Church

the range of tools available for proper identification
narrows'. Human skeletal remains carry with them
valuable information, being a bridge between the
world of the dead, and the living? The skeletal
system, given its preservation capacity in relation
to the soft tissues of the body, is an important ally
in forensic science'. Through different analyses and
methodologies, it is possible to establish the sexual
differentiation of individuals, estimate age at death,
population affinity, and approximate stature?.
Osteological collecting has been carried out all
over the world for decades, due to its importance
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Documented Collection (London)?, Athens Human
Skeletal Reference Collection (Athens)’, UAB
Identified Skeletal Collection (Barcelona)®. In Brazil,
specifically in the Northeast of Brazil, there are 3
identified contemporary osteological collections.
The osteological material in this study’s collection
includes around 212 identified bones, made up of
individuals who died between 1900 and the present
day, as it is constantly being added to, ages between
17 and 101. Since there are biographical data sheets
for each individual, this collection makes a positive
contribution to forensic anthropological research.
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As bones can preserve, in a lasting or definitive
way, numerous pathological conditions that
affected the individual in life', they can reveal data
on diet, eating disorders, occupational activities,
and socioeconomic status, as well as congenital and
infectious conditions’. In this way, osteopathologies
can be a useful element in cadaveric identification,
as they can add a wider range of characteristics
with potential for identification.

The skull is a bone element of profound
importance since it supports numerous functions of
the body, such as vision, hearing, smell, taste, and
the passage of air and food. It develops until early
adolescence, being one of the first components of
the skeleton to complete ossification and remaining
relatively constant throughout adulthood?®. It is
therefore an anatomical area that contains a wealth
of information and is one of the main allies in
forensic anthropology investigations®.

This study aimed to report the prevalence
of cranial osteopathologies in a contemporary
osteological collection from northeastern Brazil.

Methodology

Study sample

The study took a qualitative-quantitative
approach with convenience sampling. We analyzed
98 skulls, 44 female and 54 male, aged between
11 and 101, belonging to the Laboratory of Human
Identification and Forensic Osteology (LIHOF) at
the Federal University of Pernambuco (UFPE/CAV).

The collection consists of duly processed and
cataloged contemporary bones from the public
cemeteries of Santo Amaro (Recife) and Sao
Sebastiao (Vitoria de Santo Antao), both cities in
the state of Pernambuco, in northeastern Brazil.
The bones were given their code, which allowed
identification data to be searched for later.

The research was carried out between 2021
and 2022 and approved by the Research Ethics
Committee of the Federal University of Pernambuco,
under protocol no. 43228015.0.0000.5208. The
skulls of adult individuals with preserved bone
structures were included in the study, and those
with inconsistencies in their cadastral identification
data were excluded.

Nine traits were selected, based on the cranial
disorders described in the atlas by’ (Table 1). All traits
were analyzed independently by 3 (three) trained
researchers. To measure the length of the styloid
process of the temporal bone, a Brasfort 150mm/6”
steel caliper was used. Skulls with at least one intact
styloid process were accepted and considered to
be mega-styloid when over 3 c¢cm'. The data was
tabulated in a Microsoft Excel® spreadsheet and
later subjected to statistical analysis.Statistical
analysis
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Table 1. List of osteopathologies studied (described by Mann & Hunt, 2012).

Cranial Osteopathologies

Button osteoma

Porotic hyperostosis

Cribra orbitalia

Megastyloid

Septal deviation

Tympanic plate dehiscence (Huschke’s foramen)

Condylar osteoarthritis

Torticollis in the condyles

The Kappa test was used to determine whether
the researchers achieved substantial intraobserver
reliability. Next, the researcher with the largest
number of skulls was selected to perform the chi-
square test and Fisher’s exact test to check for
statistical differences between the sexes in terms of
cranial osteopathologies. The analyses were carried
out using Stata 15.0 ® software.

Results and Discussion

As for intraobserver reliability, substantial
agreement was observed for button osteoma
(kappa=0.74), megastyloid (kappa=0.61), and Huscke’s
foramen (kappa=0.66). Moderate intraobserver
reliability was found for septal deviation
(kappa=0.60) and orbital cribra (kappa=0.41).
However, the results were less promising for
condylar arthrosis (kappa=0.18) and torsion of the
condyles (kappa=0.17), which showed lower intra-
observer reliability (Table 3).

No megastyloid was found in females in the
sample studied (p=0.045). There were no statistically
significant differences in the other parameters
(Table 2).

Button osteomas are small to large lesions with
polished, roughly circular areas. They are described
as benign tumors, but they are not true neoplasms,
butlocalized condensations of bone. There is no data
on the prevalence of button osteomas in Brazilian
populations, but in the present study, the rate found
of 33.67% is in line with that mentioned by" who
reported that this osteopathology occurs in around
37.6% of modern populations, which makes these
osteomas relatively common findings.

The nasal septum is a structure on the midline
of the nasal cavity, made up of a bony part (vomer
and perpendicular lamina of the ethmoid bone)
and a cartilaginous part, covered by mucosa in
the living?. The septum is considered deviated
when it is displaced to one side of the midline at
the nasal opening and may not have major clinical
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Table 2. Prevalence of contemporary osteopathologies in the LIHOF osteological collection.

Cranial Osteopathologies N n n (Male) n (Female) p*
Button osteoma 98 33 (33,67%) 22 (22,44%) 11 (11,23%) 0.212
Septal deviation 61 39 (63,93%) 28 (45,9%) 11(18,04%) 0.509
Cribra orbitalia 98 8(8,16%) 7 (714%) 1(1,02%) 0.055
Porotic hyperostosis 98 15 (15,30%) 5(5,1%) 10 (10,2%) 0.065
Megastyloid 60 6 (10%) 6 (10%) 0 0.045**
Condylar osteoarthritis 97 17 (17,52%) 11 (11,34%) 6 (6,18%) 0.381
Huschke’s foramen 98 13 (13,26%) 5(5,1%) 8 (8,16%) 0.318
Torticollis in the condyles 97 34 (35,05%) 22 (22,68%) 12 (12,37%) 0.517

Caption: N - skulls analyzed; n - skulls with osteopathology*Percentages are described in relation to N. *Chi-square test or Fisher's exact test.
**Group with a statistically significant difference.
Table 3. Kappa values for cranial osteopathies in 98 skulls compared between researchers. Vitoria de Santo Antdo, Pernambuco, 2023.
Evaluator 1 Evaluator 2 Evaluator 3
Cranial Osteopathologies Kappa p*
Absent Present Absent Present Absent Present
56 26 38 37 49 32
Button osteoma (683%) | (317%) | (507%) | (493%) | (60.5%) | (39.5%) 0.7% | <0.0001
. . 1o 74 8 64 13 65 16
Cribra orbitalia (90.2%) (9.8%) (831%) | (169%) | (802%) | (19.8%) 0.41 <0.0001
. .. 22 28 7 18 39 42
Septal deviation (44.0%) | (56.0%) | (28.0%) | (72.0%) | (481%) | (51.9%) 0.60 | <0.0001
Porotic 68 14 4t 32 77 4 0.06 0.774
hyperostosis (82.9%) (17.1%) (57.9%) (42.1%) (95.1%) (4.9%) ’ )
. 17 34 13 34 51 30
Megastyloid (333%) | (667%) | (277%) | (723%) | (63.0%) | (37.0%) 0.61 | <0.0007
Condylar 68 13 51 24 38 43 017 0.0010
osteoarthritis (83.9%) (16.1%) (68.0%) (32.0%) (46.9%) (531%) ’ ’
Huschke's 72 10 42 15 69 12
foramen (87.8%) | (122%) | (137%) | (263%) | (852%) | (14.8%) | 006 | <0.0001
Torticollis in the 50 31 42 35 42 39 018 0.0067
condyles (61.7%) (38.3%) (54.5%) (45.5%) (51.8%) (48.2%) ’ :
*Kappa test

consequences, except when it blocks the passage of
air, causing chronic sinusitis, pain, and snoring. The
condition often goes unnoticed or is little analyzed
in anthropological studies’. Data on the prevalence
of septal deviation is scarce. A study by® carried
out in Curitiba (PR) with 534 volunteers found a
percentage of 60.34% of individuals with septal
deviation, the majority of whom were male. These
data are similar to those found in the present study:
some level of septal deviation was present in 63.93%

of the skulls analyzed, which reinforces the high
prevalence of this condition in this population.

Every living being is exposed to numerous
stressful situations throughout life: occupational,
environmental, or nutritional aggressions can leave
their mark on the skeleton®. Among the markers of
these physiological stresses are cribra orbitalia and
porotic hyperostosis - PH (cribra cranii).

PH refers to lesions similar to sieve holes. There
are extensive pits or thickening of the bone tissue,
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which gives the bone a corroded appearance,
involving the external bone plate or the diploe of
the cranial vault (parietal, frontal, and occipital)®.
There is extensive discussion about the origin
of hyperostosis but proposed etiologies for this
condition include hereditary iron deficiency anemia,
nutrient loss due to diarrheal diseases, nutritional
and vitamin deficiencies (such as scurvy), and other
toxic and infectious causes’. Data on the prevalence
of PH is scarce in populations’. Report a high
prevalence in prehistoric Peruvian populations,
with a low prevalence in contemporary American
populations. In this study, PH was present in 15.30%
of the skulls analyzed.

On the other hand, cribra orbitalia consists of
small or wide sieve-like holes in the upper surfaces
of the orbits and is more common bilaterally.
The frequency of this condition varies greatly
in different populations’ and is associated with
numerous factors, such as iron deficiency anemia,
malnutrition, scurvy, gastrointestinal diseases,
hookworm disease, and other epidemic diseases!>.
It was found in 8.16% of the skulls analyzed.

Problems in embryonic development can also
leave permanent marks on bone tissue. This is the
case with Huscke’s foramen. During development,
the tympanic plate causes perforation in the central
region of the external acoustic meatus of the
temporal bone. It rarely persists into adulthood”,
but when it does it is considered an anatomical
anomaly, the result of non-ossification of the
anteroinferior portion of the tympanic plaque®.
There are reports in the literature of numerous
clinical implications of the permanence of Huscke’s
foramen, including otitis externa and otitis media,
hernias and fistulas in the external auditory canal,
hearing impairment of different levels and bone
fractures in the external acoustic meatus® In a
study conducted by', the persistence of the foramen
was found in 7.2% of adult skulls in a sample of 377
skeletons. Point out that in the Brazilian population,
the foramen remains in around 10% of individuals, a
figure which is close to that found in our osteological
collection: the foramen is present in 13.26% of the
skulls analyzed®.

Aging also tends to leave marks on the skull. The
study of cranial suture closure and osteoarthrosis
should be considered when estimating age at death?®.
For example, the degenerative changes found in
the occipital condyles are related to aging and
wear and tear resulting from repetitive movements
in the cervical region and the load borne by the
neck?’. However, they can also be associated with
trauma and appear with high frequency in children,
due to muscle relaxation of the ligaments in this
joint region®. Although points to a high correlation
between age at death an condylar osteoarthritis,
this parameter should not be taken as the only one
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when investigating the age range of the skeleton,
as even young individuals subjected to high loads
in the cervical region can have the condition®. The
prevalence of condylar osteoarthritis is around 4.8%
in Western populations and can reach 18.7% in the
ninth decade of life?. In the collection of this study,
condylar osteoarthritis was present in 17.52% of the
skulls analyzed.

Premature closure of the cranial sutures
generally affects all the structures and morphology
of the skull and can cause asymmetry in the skull
base and occipital condyles, known as torticollis
or crooked neck syndrome?. The poor position of
the fetus during the intrauterine period and the
consequent difficulty in delivery are also correlated
with the anomaly: 22 to 42% of children born
after problematic deliveries have torticollis in the
occipital condyles?. Torticollis affects body posture
and can lead to alterations in the spinal cord. In this
osteological collection, some degree of condylar
torticollis was found in 35.05% of the skulls.

Eagle’s Syndrome (megastyloid) is the result of
one of two events: natural elongation of the styloid
process (primary mega-styloid) or ossification of the
stylohyoid ligament (secondary mega-styloid)*. The
styloid process anchors 3 muscles and 2 ligaments
with the hyoid and mandible. The normal size of this
process is 2.5-3 cm. Above 3 cm (and up to 6 cm), the
process is classified as elongated. More than 50%
of individuals are asymptomatic®. In other cases,
there may be reports of muscle pain, compression
of the carotid arteries during head rotation, pain in
the throat and ear, a “foreign body” sensation in the
throat, and pain when swallowing?®. The symptoms
of the syndrome do not appear to be more prevalent
in either sex and generally appear after the age of
30. It is not possible to predict with certainty, in
skeletonized individuals, whether they suffered
from the symptoms of Eagle’s Syndrome when alive;
however, it is possible to measure and classify the
process?.

The prevalence of the megastyloid varies greatly
between populations®. Eagle, in his original
study, found some degree of elongation of the
styloid process in 4% of the individuals studied?®.
A radiographic study involving 1771 people in
California identified 18.2% of individuals with cases
of ossification of the ligament, 5% of whom were
asymptomatic®’. The prevalence of this condition in
the LIHOF’s osteological collection was 10% of the
skulls analyzed, and only in males.

Conclusion

Theforensicanthropologist must use numerous tools
to better identify cadaveric materials. Numerous
diseases that affect individuals during life leave
permanent marks on bones and are an additional
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Figure 1. Cranial osteopathologies. A) Button osteoma in the frontal bone. Anterior norm. B) Porotic hyperostosis. Posterior cranium. C) Cribra orbitalia. Inferior cranial
view. D) Nasal septum deviation to the left. Anterior norm. E) Persistent Huscke’s foramen in the acoustic meatus (bilateral - arrows). Inferior view. F) Mega-styloid.
Lateral view of the skull. G) Severe osteoarthrosis, with intense bone neoformation in the occipital condyles. Skull in inferior view. H) Torticollis of the occipital
condyles.
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component in forensic studies. There is little data
on the prevalence of cranial osteopathologies
considered in this study in Brazilian populations,
a country of continental dimensions, with intense
miscegenation and, therefore, many variations in
the different regions. Further studies with skeletal
collections from different areas of the country are
needed to add data to forensic science in Brazil,
which is still in its infancy but promises to advance
in the coming years.
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