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Case Report 

Individualizing Unidentified Skeletal 
Remains: A Differential Diagnosis 
Combining Pathological Changes and 
Biomolecular Testing
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Abstract: Collaborative work among anthropologists, pathologists, 
and biomolecular analysts can maximize information included in a 
biological profile of skeletal remains. This case study demonstrates 
the benefits of a multidisciplinary approach to help diagnose disease 
processes from skeletal remains. In this case, skeletal pathologies on 
unidentif ied human remains appeared to be a result of both ankylosing 
spondylitis and spinal tuberculosis. This tentative diagnosis provided 
a starting point for biomolecular testing to help confirm these puta-
tive f indings. The extraction of Mycobacterium tuberculosis DNA 
from bone samples indicated the disease’s presence in this skeleton. 
Molecular screening for HLA-B27 to assess ankylosing spondylitis 
(AS) was, however, inconclusive. This case study demonstrates how 
macroscopic and biomolecular analyses can be useful in assisting in 
the identif ication of disease processes of an unknown individual in a 
forensic context.
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Case Report
In 1997, utility workers in a remote area on Staten Island, 

New York, found a nearly complete skeleton. The remains were 
partially contained within a plastic trash bag and obscured by 
a hot water heater. In 2002, the still unidentified skeleton was 
re-analyzed by anthropologists at the Office of Chief Medical 
Examiner, New York City. 

The recovered remains were those of a single individual, 
fully clothed, with small amounts of mummified soft tissue 
adherent to a few bones. The cranium, cervical vertebra 6 (C6), 
and several hand bones were not recovered. Dermestid detri-
tus and pupa casings were present around the skeleton. Several 
bones were sun bleached where portions of clothing had been 
displaced. Extensive vine and root damage to the clothing and to 
a few bones was noted. Based on these observations, the estima-
tion of time since death was minimally one year, but likely 
longer [1, 2]. 

A biological profile was developed using traditional physical 
anthropological techniques. The profile suggested a male, over 
the age of 45 years at the time of death, with an estimated stature 
of 163.5cm+/- 2.99 cm (5'3"–5'5") [3]. However, this individual 
likely appeared much shorter in life because of a dorsal kypho-
sis of the thoracic spine. Without a skull, ancestry could not 
accurately be assessed. There was no evidence of perimortem 
trauma indicating cause of death, however, the circumstances 
of recovery led to the designation of homicide for the manner 
of death. 

Antemortem Pathologies
The skeleton displays several, potentially overlapping, 

antemor tem pathological condit ions. Cervical ver tebrae 
3 (C3), 4 (C4), 5 (C5), and 7 (C7) have small and unfused 
syndesmophytic growths (vertical bony growths) on the anterior 
vertebral bodies, though the intervertebral space is maintained. 
Cervical vertebra 6 (C6) is missing postmortem; however, the 
anterior inferior margin of C5’s vertebral body and the anterior 
superior margin of C7’s vertebral body have similar thin, bony 
growths suggesting their presence on C6 as well.

Complete fusion of thoracic ver tebrae 3 (T3) through 10 
(T10) is the most prominent spinal feature, leaving lit tle 
remaining intervertebral space (Figure 1). What remains of the 
intervertebral disc is compacted and calcified. Several of these 
thoracic vertebrae collapsed completely and fused further on the 
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anterior aspect, creating an approximately 90-degree anterior 
bend (kyphosis). This kyphosis would have made it impossible 
for this individual to walk fully upright. On the posterior aspect 
of the thoracic vertebrae, the interspinous and supraspinous 
ligaments are calcified, fusing multiple spinous processes along 
the median plane. On the anterior-lateral surfaces, the thoracic 
vertebral bodies display dense syndesmophytes, making the 
vertebrae difficult to differentiate because of the “bamboo-like” 
appearance. Several ribs show reactive activity, specifically, the 
visceral surface of ribs 5 through 7, right ribs 8 through 10, 
and the 12th left rib. Also, in the thoracic region, several right 
and left ribs are fused at the costovertebral joints. Interestingly, 
instead of being angled, the ribs are straight, an appearance 
more similar to the ribs of a quadruped (Figure 2). Changes in 
the rib’s morphology may be due, in part, to the bony changes 
in the vertebrae of the spine and the calcifications in the spine’s 
ligaments. The torso’s static anterior bend may also contribute to 
the rib’s deformities by causing internal organs to exert pressure 
on the visceral surface of the rib’s anterior aspect. This continu-
ous pressure may cause the anterior aspect of the ribs to push 
out, thus straightening the normal rib angle. 

The lumbar vertebrae 2 (L2) through 4 (L4) are fused by 
ver t ical enthesophytes. Enthesophytes are abnormal bony 
projections, calcif ication, and ossif ication commonly found 
at ligaments, tendons, and cartilage attachment sites. On L2 
through L4, enthesophytes are located at the insertion of the 
anterior longitudinal spinal ligament on the anterior surface 
of the vertebral bodies. These vertebrae are also connected by 
syndesmophytes bridging adjacent vertebral bodies (Figure 3). 
The left aspect of L2 and L3 are fused at the diarthrodial joints 
(vertebral facets) on the superior and inferior zygopophyses. 

The sacroiliac joint is bilaterally and symmetrically fused. 
Large enthesophytic activity particularly at the left anterior 
inferior iliac spine is present (Figure 4). There is moderate new 
bone formation in the right acetabulum. Entheses on the femora, 
patellae, scapulae, claviculae, tibiae, f ibulae, and os coxae 
have calcified, producing enthesophytes. The thyroid, xiphoid, 
and coccyx exhibit calcified cartilage. There is also extensive 
calcified cartilage at the sternal end of both first ribs. Arthritic 
lipping is present on the clavicles, vertebrae, ulnae, femora, and 
both scapulae. There is lytic activity and some new bone forma-
tion on the medial clavicles and corresponding manubrium. A 
few ribs have small osteophytic growths on the sternal ends. 
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Figure 2
Lateral view of thoracic region illustrating straight, as opposed to curved, 

ribs.

Figure 1
Lateral view of spinal column illustrating fusion of vertebrae and kyphosis.
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Figure 4
Superior view of bilaterally fused os coxae also illustrating large 

enthesophytic activity at the left anterior inferior iliac spine.

Figure 3
Lateral radiograph of spinal column illustrating syndesmophytes bridging 

adjacent vertebral bodies.
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Molecular Testing
To supplement the findings from the morphological exami-

nation, genetic analyses were conducted to screen for the 
presence of M. tuberculosis (TB) and the HLA-B*27 allele. 
Bioarcheological studies have shown that M. tuberculosis DNA 
can be detected in skeletal remains long after an individual’s 
death [4–6]. It is therefore reasonable to assume that the bacte-
ria can be detected in more recent remains, such as those that 
are forensically signif icant. Genetic testing for HLA-B*27 
was conducted because of the strong association of this allele 
and ankylosing spondylitis, reported at 80 to 95% [7] and 90 
to 95% [8]. Bioarchaeological studies have also shown that 
HLA-B27 can be detected in skeletal remains to confirm the 
morphological characteristics associated with AS long after 
an individual’s death [9–10]. However, because AS can occur 
when the allele is not present, its absence does not eliminate the 
possibility that this individual suffered from this disease. The 
HLA-B*27 test is not as “sensitive” as the test for the presence 
of TB DNA.

Discussion
Based on the collective skeletal characteristics described 

above and a review of the literature on joint disease and spinal 
manifestations, three potential disorders are considered for the 
differential diagnosis. First, skeletal characteristics of ankylos-
ing spondylitis (AS) and diffuse idiopathic skeletal hyperostosis 
(DISH) are compared to the skeleton’s pathological manifesta-
tions. Second, characteristics of spinal tuberculosis, also known 
as Pott’s disease, are considered (Table 1). 
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Disease Ankylosing Spondylitis 
(AS)

Diffuse Idiopathic Skeletal 
Hyperostosis (DISH)

Pott’s Disease 
Mycobacteriem tuberculosis

Population
2–3.1 males to females

80%–90% carrying the 
antigen HLA-B27

2/3 affected are male

More common in European 
and Native American 
populations, rarely in 
Japanese or African 
populations

Associated with obesity and 
adult onset diabetes

NA

Typical 
Onset ~15–35 years ~50+ years NA

Hallmarks

Bilateral fusion of the 
sacroiliac joint 

Calcification of 
anterolateral spinal 
ligaments with raised disc 
edges “bamboo-like” 
appearance

Loss of intervertebral space, 
may lead to kyphosis

Process begins in the lumbar 
region with progressive 
involvement up the spine

Sacroiliac joint not 
significantly involved2

Calcification of anterolateral 
spinal ligament confined to 
the right side of the vertebral 
bodies

Intervertebral space 
maintained

Involves fewer vertebrae 
than AS
 
Process begins in the mid-
thoracic region 

Collapse of thoracic spine 
into angular kyphosis

Anterior portion of vertebral 
bodies most significantly 
involved

Typically the upper lumbar 
and lower thoracic involved

Often involves between 1–4 
vertebrae, infrequently more 
than 4

Absence of new bone 
formation

Axial 
Involvement

Fusion of the inter- and 
supra-spinous ligament and 
the anterior longitudinal 
ligament 

Syndesmophytes symmetrical 
and vertically oriented on 
anterior vertebrae (appear 
thinner than DISH)
  
Squaring of vertebral bodies 
in later stages1 

Apophyseal joint 
involvement, costovertebral 
fusion

Calcification of the annulus 
fibrosus of intervertebral 
discs

Fusion of the anterior 
longitudinal ligament limited 
to the right side

Significant enthesophytic 
growth

Intervertebral space 
maintained, with no 
vertebral end plate 
involvement

Apophyseal joints not 
involved

Destruction of intervertebral 
space, erosion of cartilage 
and end plate creating 
anterior wedging of 
vertebral bodies

Diameter of spinal canal 
maintained 

Involvement of the posterior 
neural arch, spinous and 
transverse processes is rare 
but fusion can occur in the 
untreated individual

Extra vertebral abscess 
found in 50–90%

Appendicular 
Involvement

Involvement of other major 
joints in 50% of cases 

Major joints involved 
typically include the hip, 
shoulder, knee, wrist, hand, 
and foot

New bone formation around 
the major joints 

Frequency of joint 
involvement increases with 
duration of disease

Enthesopathies typically 
the pubic symphysis, 
trochanters, patella, ischial 
tuberosities, iliac crests, 
linea aspera, Achilles tendon 
attachment

NA

1 Squaring refers to the erosion of the anterior edge of the vertebral body visible in lateral radiographs. 
2 Sacroiliac may be fused by bony bridges, not intra-articular ankylosis as displayed in AS.

Table 1
Disease characteristics of the three conditions considered during the 

differential diagnosis. Observed features are italicized. 
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AS, DISH, and TB Characteristics 
AS, also referred to as Marie-Strümpell disease or Bechterew’s 

disease, is one of a number of inf lammatory rheumatic disorders 
known collectively as spondyloarthropathies (SpA). SpAs occur 
in 0.5 to 1.0% of the population and primarily affect the axial 
skeleton and entheses [7]. AS is a degenerative inf lammatory 
condition affecting connective tissue at ligament insertions. It 
is of unknown etiology, though 80 to 95% of individuals with 
AS also carry the antigen HLA-B27 in their blood [7–8, 11]. 
Screening for the presence of the HLA-B*27 allele (a genetic 
test) is not recommended as a diagnostic test for AS because 
the disease can also occur in the absence of this allele, though 
if present it is thought to be diagnostic [8]. AS is known to be 
familial, putting siblings of affected individuals at 50 times more 
risk for the disease [7]. Even with the strong genetic association, 
it appears that environmental factors may, in part, trigger the 
disease. However, this relationship is not yet fully understood 
and more research is needed to understand the pathogenesis of 
AS and the complex interaction between genetic and environ-
mental factors [8].

The onset of AS is typically between the ages of 15 to 35 
years. Although it was once believed that 90% of AS-affected 
individuals were male, recent research shows the actual sex ratio 
of males to females may be closer to 66% [12–13]. The most 
commonly affected groups are European and Native American 
populations [14–15]. AS is “characterized by both reduced 
(osteoporosis) and increased (syndesmophytes, joint ankylosis) 
bone formation” [16]. This presentation is at odds with normal 
skeletal homeostasis, balancing deposition and resorption in 
unaffected adult bone tissue. 

Bilateral fusion at the sacroiliac joint is the hallmark 
characteristic of AS [8]. From the ossa coxae, the disease then 
progresses cranially, up the spine, affecting the anterior longi-
tudinal ligament insertion sites on the anterior aspect of the 
vertebral bodies [17]. This creates syndesmophytes that bridge 
the gap between the vertebral bodies and consequently fuse 
several ver tebrae together, forming a bamboo-like appear-
ance [18]. Calcification of the intervertebral discs occurs as the 
spine becomes immobile. Involvement and fusion of the zygop-
ophyseal and costovertebral joints is typical in more severe 
cases. The lumbar vertebrae will have a square appearance that 
is due to the loss of the lateral edges of the vertebral bodies that 
normally appear concave [19]. In acute cases, an individual will 
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develop kyphosis, resulting in a permanent anterior bend in the 
spine [8]. 

AS causes erosion of the bone at the entheses (ligament 
insertion sites), where bone calcification replaces the connect-
ing ligament. A new inser tion is formed above the cor tical 
bone, creating an irregular bony process [20]. About 50% of AS 
cases involve other major joints, such as the shoulder and knee, 
especially as the disease progresses [14, 21]. Diagnosis of AS 
is usually made through clinical presentation and radiological 
findings.

DISH, also known as Forestier’s disease, is characterized by 
the production of new bone at the entheses of the spine, hands, 
elbows, knees, and feet (calcaneal spurs). DISH commonly 
affects the thoracic region of the spine, causing the progressive 
fusion of the spine into a thick “melted candle wax” appear-
ance while intervertebral space is maintained. This hypertrophic 
bone growth typically appears on T7 through T11 and is usually 
conf ined to the anterior r ight aspect of the ver tebral body. 
Diarthrodial joints and costovertebral joints are not normally 
affected by DISH and the sacroiliac joint is not signif icantly 
involved. Enthesopathies, particularly of the costal cartilage, 
are also known to occur. The disease affects older individuals, 
two-thirds of whom are males [22]. Factors such as obesity and 
adult onset diabetes often are associated with DISH. Studies 
found that these patients have signif icantly higher levels of 
insulin, resulting in new bone growth [20]. Diagnosis of DISH 
is usually made through clinical evaluation and radiological 
findings.

Tuberculosis, a disease that mainly affects the lungs, can 
also affect other areas of the body. Spinal tuberculosis, other-
wise known as Pott’s disease, occurs in 25 to 30% of skeletal 
tuberculosis cases [15]. Mycobacterium tuberculosis inhaled 
into the lungs passes through the lymphatic system to the spine 
where an abscess forms in the vertebral body. This leads to 
the destruction of the centrum and collapse of a portion of the 
spine into an angular kyphosis. The intervertebral joint space 
is not retained. Spinal tuberculosis usually affects between two 
and four vertebrae, often the lower thoracic and upper lumbar. 
It is characteristically a lytic process and bone regeneration is 
uncommon. The posterior neural arch, transverse processes, 
and spinous processes are infrequently involved but have been 
observed to fuse in the untreated adult [22].
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Skeletal Characteristics Compared to Disease 
Characteristics
Several pathological features on this skeleton are consistent 

with AS, such as the bilateral, symmetric fusion of the sacroiliac 
joint, which is a hallmark of the disease [22]. The progression of 
AS up the spine is consistent with the appearance of this skele-
ton. Syndesmophytic bridges fuse the lumbar vertebrae although 
far ther up the spine the cervical ver tebrae appear unfused, 
with smaller syndesmophytes appearing to be just developing. 
Although intervertebral disc space is maintained in the cervical 
and lumbar regions, it is collapsed and calcified in the thoracic, 
which has led to severe kyphosis. Lateral radiographs reveal the 
characteristic “bamboo” spine caused by the bony bridges fusing 
vertebrae together in an apparent continuous unit. Posteriorly, 
calcif ication of the intraspinous and supraspinous ligaments 
and fusion of the zygopophyses have led to subsequent fusion 
of multiple spinous processes and costovertebral joints, all of 
which are characteristic of more advanced AS. The calcif ied 
ligaments found on the coxa, the patellae, the lesser trochanters 
of the femora, and other major enetheses also appear consistent 
with a diagnosis of AS. 

Although there are a few pathological features of this skeleton 
associated with DISH, there are significantly more character-
istics that are contradictory to a DISH diagnosis. First, smaller 
joints that are typically affected by DISH, such as those in the 
hands and feet, remain unaffected in this skeleton. Second, the 
sacroiliac joint is bilaterally fused, a feature specif ically not 
associated with DISH. Third, the thoracic ver tebrae appear 
inconsistent with DISH. Enthesophytes that are due to DISH 
manifest as thick, vertically oriented growths primarily affecting 
the anterior right margin of the vertebral body, between T7 and 
T11, with intervertebral space maintained. Many of the thoracic 
ver tebrae of this individual have bilateral syndesmophytes, 
showing symmetrical growth on all sides. A few thoracic verte-
brae only have presentation on the left side of the vertebral body, 
which is opposite to the way DISH is expressed. Intervertebral 
disc space is maintained in the cervical and lumbar regions. 
However, in the thoracic region, it has compressed, ossified, and 
fused the vertebral bodies. Finally, this skeleton has significant 
involvement of the diarthrodial and costovertebral joints, again, 
characteristics that do not manifest in patients with DISH. 
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AS and DISH manifest similarly on a skeleton and therefore 
a careful macroscopic differential diagnosis must be conducted 
to distinguish these two diseases, if possible. In this case, only 
a few pathological features appear to be consistent with DISH. 
Therefore, based on the absence of pathological manifestations 
considered to be hallmarks of DISH, the authors suggest this 
individual does not have DISH. On the other hand, based on the 
pathological manifestations considered to be hallmarks of AS, 
such as a bilaterally fused sacroiliac joint, fused diarthrodial 
and costovertebral joints, and kyphosis, the authors suggest this 
individual most likely suffered from AS. 

Further examination of the pathological features of this skele-
ton indicates this individual likely suffered from other comorbid 
conditions, specif ically Pott’s disease. As is characteristic of 
spinal tuberculosis, four thoracic vertebrae are involved and the 
intervertebral space is compressed. This compression led to the 
collapse and fusion of these vertebrae into an angular kyphosis, 
a deformity typical of spinal tuberculosis. The neural arch has 
intra- and extraspinal ligament calcification, which is occasion-
ally found in cases of Pott’s disease. Lytic activity is also 
present on the medial aspect of both clavicles and correspond-
ing articulation on the manubrium. Whereas spinal tuberculosis 
is a disease characterized by a lytic process, this skeleton has 
significant bone regeneration. This apparent contradiction may 
be due to the bone forming attributes of AS obscuring small 
lesions on vertebral bodies often associated with Pott’s disease. 
However, healing in the form of bony fusion of the vertebral 
bodies can also occur with TB-related kyphosis [22–23].

DNA Extraction and Analysis

Mycobacterium Tuberculosis
Two bone samples, from the thoracic vertebrae demonstrat-

ing pathology, were removed for genetic analysis. The DNA 
extraction process was conducted in a laboratory at the Corriell 
Institute for Medical Research (Camden, NJ) that is restricted 
to skeletal DNA extractions and which had never been exposed 
to M. tuberculosis. Two independent extractions were conducted 
adhering to strict contamination precautions. Decalcification was 
conducted by suspending the samples in 0.5 M EDTA, followed 
by solubilization using 10 mg/mL proteinase K. The DNA 
was isolated using an organic extraction procedure employing 
phenol/chloroform/isoamyl alcohol (PCI 24:24:1). Concentration 
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of the samples was conducted by ethanol precipitation, and the 
samples were stored in 1 M Tris. The samples were screened 
for the presence of M. tuberculosis DNA by polymerase chain 
reaction (PCR) amplification using primers targeting a repeating 
segment of DNA within the M. tuberculosis genome [24]. In each 
case, 25 µl PCR reactions were conducted: 2 µl DNA, 2.5 µl 10x 
buffer, 3 µl MgCl2, 2 µl dNTP mix, 0.3 µl Taq Gold polymerase, 
0.3 µl of each 25 µM primer (forward and reverse), and 14.6 µl 
H2O. PCR amplification consisted of 35 cycles using an anneal-
ing temperature of 68 ºC. Appropriate positive and negative 
controls were employed during the amplification process. 

PCR amplif ication produced the 123 base pair fragment 
expected with the M. tuberculosis primers in two out of three 
amplifications for each sample. This suggests the presence of M. 
tuberculosis bacteria in the individual’s thoracic vertebrae. The 
genetic data supports the macroscopic morphological assessment 
that this individual suffered from Pott’s disease.

HLA-B27
Molecular screening for the allele was carried out in the 

Australian Centre for Ancient DNA at the University of Adelaide 
in facilities solely dedicated to work with forensic and ancient 
DNA. DNA was independently extracted from two samples of 
the os coxae, and sequence specific PCR testing was conducted 
for HLA-B*27 as described previously [9]. PCR amplification 
utilizing the HLA-B27 primer pair was attempted several times 
and each failed to produce an amplicon. Appropriate HLA-B27 
positive controls were added in the post-PCR laboratory to rule 
out PCR failure due to reagent or equipment error. DNA preser-
vation was good, including readily amplified mitochondrial DNA 
fragments of up to 187 bp in length, with the resulting sequence 
polymorphisms unambiguously assignable to a haplogroup 
different from the lab personnel. Furthermore, spiking experi-
ments with 3µl DNA extract mixed with 360 ng/µl of positive 
control DNA showed that the PCR was not inhibited, confirm-
ing that this individual does not carry the HLA-B*27 allele. 
However, because the allele is not always present in individuals 
with AS, its absence does not eliminate the possibility that this 
individual had the disease.

Conclusion
Differential diagnoses conducted by anthropologists and 

pathologists have proved useful in identifying skeletal disease 
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processes in forensic contexts [9–10, 25]. Many of these putative 
diagnoses can now be augmented by molecular techniques to 
potentially confirm or exclude diseases. These results may then 
be used to support individualization of an unidentified skeleton. 
Although the skeleton presented in this case study had a few 
characteristics associated with DISH, there were more incon-
sistencies with its known pathogenesis and it was not likely a 
condition from which this individual suffered. However, exami-
nation of the severe spinal pathologies and the genetic results 
indicated this individual suffered from multiple degenerative 
conditions. Hallmark characteristics of AS were clearly present 
in this skeleton. Although the genetic analysis could not confirm 
the presence of the HLA-B*27 allele typically associated with 
AS, the predominant characteristics of AS manifested in this 
skeleton strongly support the diagnosis. Manifestations of spinal 
tuberculosis were also present although they may have been 
partially obscured by the severity of AS. And, the presence of M. 
tuberculosis DNA supports the conclusion that this individual 
had spinal tuberculosis. Careful examination of the advanced 
skeletal pathologies, along with supporting genetic data, has 
given greater support for the diagnosis of these antemortem 
disorders affecting this unidentif ied individual. Despite the 
added information, this individual has yet to be identified.
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