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ABSTRACT

Using DifAise Idiopathic Skeletal H yperostosis 
to Determ ine Age at Death

by

Jennifer E. Riddle

Dr. Bernardo Arriaza, Ebcamination Committee Chair 
Professor of Anthropology 

University of Nevada, Las Vegas

This research took an age-related condition, diffuse idiopathic 

skeletal hyperostosis (DISH) and used it to create a  new technique for 

estimating the age a t death of older hum an skeletal remains (age > 40). 

Diffuse id iopathic skeletal hyperostosis is a  condition  characterized  

spinally by ossification of the anterior longitudinal ligament resulting in 

fusion of vertebrae; and  ex trasp inally  by en thesopa th ies, ossification a t  

sites of ligament or muscle attachm ents. Using the Terry Collection, 

housed at the Smithsonian Institution, National Museum of Natural 

History, 1728 hum an skeletons of known age at death were analyzed 

looking for evidence of spinal DISH. Found in 94 individuals, the level of 

DISH was scored and measured. The m easurem ents taken from these 

individuals were correlated to age a t death using Pearson product- 

moment correlation coefficient tests.

Ill
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Regression equations were created based on the correlations and 

produced R-square values of 52% for incipient/mild males, 41% for 

moderate/  severe males, 85% for incipient/mild females and 91% for 

moderate/severe females, meaning th a t DISH is a good indicator of age 

a t death, especially in females. This research is unique in tha t most 

techniques for age estimation reach their maximum a t about 60 years, 

while the DISH-based technique presented in this thesis can reliably age 

people into their early 100s. Thus the results of this research make a 

valuable contribution to the field of physical anthropology.

IV
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CHAPTER 1

INTRODUCTION

From dinosaurs (Rothschild, 1988) to hum ans, diffuse idiopathic 

skeletal hyperostosis is a condition th a t has spanned millennia 

(Rothschild, 1988; Arriaza et al., 1993). While the etiology of diffuse 

idiopathic skeletal hyperostosis (DISH) is unclear (Forestier and Rotes- 

Querol, 1950; Hajkova et al., 1965; Rothschild, 1988), the eondition, 

nonetheless, has the potential to tell researchers mueh about the 

individual who had it. Previous research has found tha t the prevalence 

of DISH increases with age (Julkunen et al., 1975; Arriaza, 1993; Maat et 

al., 1995). However, while it is known th a t older people are more likely to 

have DISH, there has been no systematic study attempting to determine 

biological age based on the severity of DISH observed in the skeleton. 

Therefore, the purpose of this research is to create a system by which the 

biological age of an individual can be estimated based on the level of 

DISH seen in the skeleton.
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DISH: an introduction

Diffuse idiopathic skeletal hyperostosis is characterized by 

enthesopathies, bony spurs occurring at points of muscle insertions 

(Benjamin et al., 2000), tha t can happen anywhere in the body 

(Schwartz, 1995). However, DISH usually occurs in the vertebral column 

with the ossifieation of the anterior longitudinal ligament (ALL) (Crubézy, 

1990; Schwartz, 1995). The ossification of the ALL is often said to give 

the appearance of “dripping candle wax” (Forestier and Rotes-Querol, 

1950). Typically, only the right side of the anterior longitudinal ligament 

ossifies; researchers believe the left side does not ossify due to the 

pulsation of the aorta (Aufderheide and Rodriguez-Martin, 1998; 

Fairgrieve, 1999). Despite the ossification of the ALL, an important 

distinguishing characteristic of DISH is the m aintenance of intervertébral 

disc space and normal ^goapophyseal joints (Resnick et al. 1975;

Arriaza et al., 1993).

Diffuse idiopathic skeletal hyperostosis most often occurs in the 

thoraeic portion of the vertebral column; however, it can occur in the 

cervieal and lumbar regions as well (Resnick et al. 1975; Resnick and 

Niwayama, 1976; Rogers et al., 1987; Arriaza, 1993). Beeause DISH 

usually occurs in the thoracic vertebrae, individuals with DISH typically 

do not loose spinal flexibility. In fact, some workers believe DISH is an 

advantageous adaptation stating the condition provides additional spinal
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support and helps to prevent neurofbraminal narrowing (Rothschild,

1988; Rothschild and Woods, 1991).

The antiquity of DISH in the Old World is quite extensive. As has 

been pointed out, Rothschild (1988) has found evidence of DISH 

throughout the fossil record. Lagier (1989) has also found numerous 

incidences of DISH in multiple species. In hominids, DISH has been 

found in the Shanidar 1 Neanderthal, which is estimated to date from 

73,000 to 40,000 years BP (Crubézy and Trinkaus, 1992). In fully 

modern hum ans, DISH has been found in ancient Egyptian mummies 

(Forestier and Lagier, 1971). Arriaza et al. (1993) have found DISH in 

ancient Nubians dating back two thousand years. In the New World, 

Arriaza (1993) has found DISH in northern Chilean populations dating to 

four thousand years ago. Studies suggest, however, tha t the incidence of 

DISH has grown with the rise in agropastorialism (Arriaza, 1993).

The presence of DISH in ancient populations as well as more 

modem ones makes this research useful because previous studies 

indicate a  high likelihood tha t a  certain percentage of any population 

under study by a given worker will have DISH. Thus, the ability to age 

older individuals by the severity of DISH gives anthropologists a  new tool 

that is applicable in multiple populations.
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The problem

Despite many years of being in the literature, there is m uch about 

DISH that is unresolved. For instance, DISH has been associated with 

age bu t only in a general way. Researchers have noticed trends, such as 

higher rates of DISH in older individuals, but have not taken the 

relationship further. This research is unique in that it establishes 

correlations between the am ount of DISH ossifieation in the skeleton and 

age a t death. It then uses the correlations to create regression equations 

th a t can be used to predict age based on DISH.

In addition to problems of quantifying the relationship between 

DISH and age, there is also the rather cumbersome problem of no 

uniform scoring system for the condition. Most scoring systems 

currently in the literature never go beyond simple “presence/absence.” 

However, DISH can affect ju s t one vertebra or multiple vertebrae. The 

ossification can be thick and pronounced or it can be a mere spur. If 

researehers want to eompare DISH in different populations then there 

m ust be a  more detailed, universally accepted method for scoring DISH.

Hypothesis

The hypothesis underlying this thesis is that the am ount of DISH 

ossification in the skeleton will eorrelate quite well to an age a t death 

independent of biological affinity. If this hypothesis is correct, then 

regression equations will be able to predict age at death based on the
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level of DISH in the skeleton. The hypothesis is a logical one given that 

DISH is not found before age 40 (Rogers et al., 1985; Crubé^, 1990; 

Aufderheide and Rodriguez-Martin, 1998), thereby establishing a

baseline age for people with DISH. For example, even before the 

relationship between DISH and age has been more precisely defined by 

this thesis, a researeher can confidently state th a t an individual with 

DISH is a t least 40 years old. If DISH ossification does not take place 

until age 40, then it would make sense tha t individuals exhibiting 

copious am ounts of DISH ossification would be much older than age 40 

because it would take time for the ossification to develop. Further, if 

DISH ossification progresses a t a predictable rate then tha t rate should 

be measurable and should aeeurately predict age a t death.

Diffuse idiopathic skeletal hyperostosis is a  good choice for 

creating an aging technique not only for the reasons already discussed, 

bu t also because it is arguably not a  pathological condition, instead it 

can be seen as a  useful adaptation tha t gives struetural support to the 

spine and prevents neuroforamenal narrowing (Rothschild, 1988; 

Rothschild and Woods, 1991). Finally, according to current clinical 

studies, DISH is found in 15 to 20 pereent of modem populations 

(Resnick, 1985; Rothschild, 1985; Aufderheide and Rodriguez-Martin, 

1998), thus making a DISH based aging method useful in many forensie 

settings.
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The chapters

The next chapter in this thesis gives a detailed literature review of 

DISH starting with the historical names surrounding the condition. It

explains the difference between DISH seen in the spine and DISH seen in 

other parts of the body and then presents a comprehensive differential 

diagnosis of the condition.

Chapter Three explains the methodology used in this research. It 

describes the population from which the data were collected, the 

previous study from which the seoring system was devised, and the 

various m easurem ents taken from the skeletons used in this research. It 

then describes the statistical tests used in the data analyses, chi square, 

Pearson r, and regression, and why they were appropriate.

Chapter Four focuses on the results of the analyses, explaining 

what the statistical tests revealed. Chi square showed th a t males and 

females are differentially affected by DISH with a  significance of = 

12.12; p < 0.05. However, there were no significant differences between 

biological affinity groups (X̂  = 4.67; p > 0.05). Pearson’s r reveals many 

correlations between various areas of DISH ossification seen in the 

skeleton and age at death. Finally, Chapter Four details the regression 

equations created for each category of DISH (incipient/  mild females, 

incipient/mild males, moderate/ severe females, moderate/ severe males) 

and shows the R-square values and whole model probabilities for each 

equation.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



7

The final chapter discusses w hat the results mean. It points out

tha t the regression equations created for females are more reliable than  

those created for males, suggesting this technique may be more useful 

for females. It acknowledges tha t the sample size within each DISH 

category became smaller than a definitive statistical test would ideally 

have and suggests that this study be considered an exploratory analysis 

of the relationship between DISH and age at death. Chapter Five 

explains how the preliminary results created by this thesis w arrant 

further research within various populations (i.e. populations of different 

biological affinities, archaeological populations) to see if the regression 

equations need to be adjusted by population and to increase the sample 

size on which the equations are based.
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CHAPTER 2

LITERATURE REVIEW 

DISH in an historical literary context

The literary history of diffuse idiopathic skeletal hyperostosis is a 

long and varied one. The earliest reports of the disease come from Meyer 

and Forester, who in 1938, wrote about a patient with ossification on the 

right side of his vertebral column. Meyer and Forester called the 

condition “moniliform hyperostosis” (Utsinger, 1985). The Meyer and 

Forester report was quickly followed by Oppenheimer’s 1942 study in 

which he described a  case of ossification of the anterior longitudinal 

ligament; he called this spinal pathology “spondylitis ossificans 

ligamentosa” (Oppenheimer, 1942). As the years went by, many 

researchers studied the phenom enon and attem pted to create a name 

th a t more accurately described the condition. For instance, in 1950 

Forestier and Rotes-Querol wrote their seminal piece on the condition, 

focusing on radiology and the new information it could convey. Realizing 

th a t the condition affected only the elderly, the two renamed it “senile 

ankylosing hyperostosis of the spine” (Forestier and Rotes-Querol, 1950).

8
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In 1975 Resnick et al. recognized that the skeletal ossification

affected not only the anterior longitudinal ligament of the spine, bu t also 

many other areas of muscle insertion throughout the skeleton. It was at 

tha t point tha t Resnick et al. (1975) proposed the name “diffuse 

idiopathic skeletal hyperostosis,” arguing that it was more descriptive of 

the condition and tha t it emphasized the fact tha t hyperostosis was not 

confined to the vertebral column (Resnick et al., 1975).

While the literary histoiy of DISH and the many incarnations of its 

name might seem an inconsequential point at this time, it is actually 

quite important. No complete research into the condition can be done 

without knowing the historical nam es lest one risk missing critical 

information because one did not recognize “spondylitis ossificans 

ligamentosa” as an  early version of DISH. Also, many researchers believe 

tha t the full extent of DISH in the archaeological record is not known 

because many cases of DISH have been misdiagnosed (Rogers et al.,

1985; Crubézy, 1990; Crubézy and Trinkaus, 1992; Suzuki et al., 1993). 

Table 1 lists some of the more common nam es often used 

interchangeably with DISH.

As has been implied in the discussion of the various nam es given 

to DISH, diffuse idiopathic skeletal hyperostosis can impact the entire 

postcranial skeleton -  not ju s t the spine. However, for the purposes of 

this discussion, it is easier to break the postcranial skeleton into two
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parts using Resnick et al.'s (1975) terms: spinal and extraspinal 

manifestations.

TABLE 1. Common nomes used fnterchongreobZi/ loifh DfSTf

Common Synonyms
Ankylosing hyperostosis

Ankylosing hyperostosis of Forestier and Rotes-Qnerol 

Ankylosing vertebral hyperostosis 

Forestier's disease

Moniliform hyperostosis

Senile ankylosing hyperostosis of the spine

Spondylitis ossificans ligm entosa

^After: Utsinger, 1985; Arriaza et al., 1993

Spinal manifestations of DISH 

Number q/" uertebroe that must /use. It is generally agreed that spinal 

manifestations of DISH are the most diagnostic aspects of the condition 

(Resnick, 1985; Utsinger, 1985; Crubézy and Trinkaus, 1992). However, 

there is disagreement over the num ber of consecutive vertebrae tha t 

m ust be fused by ossification of the anterior longitudinal ligament before 

an accurate diagnosis of DISH can be made. H ukuda et al. (2000) use a 

definition tha t requires only the tip of the ossification from one vertebra 

to reach the adjacent vertebrae. Ju lkunen et al. (1975) state there m ust 

be fusion of a t least two contiguous vertebrae in two separate areas of
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the spine. Rogers et al. (1987) argue that, a t least in the clinical setting, 

a  diagnosis of DISH can be made when three or more consecutive 

vertebrae are fused. The classic diagnostic criteria defined by Resnick 

and Niwayama (1976), and reinforced by Littlejohn et al. (1981) and 

Aufderheide and Rodriguez-Martin (1998), states there m ust be fusion of 

at least four consecutive vertebrae. Figure 1 shows a  classic case of DISH 

with the fusion of multiple vertebrae.

Fig. 1. Smithsonian Institution, Terry Collection #842: Male, 

white, age 73: A classic case of DISH with the fusion of six contiguous 

vertebrae.

In 1985 Utsinger dealt with the lack of uniformity in the num ber of 

consecutively fused vertebrae th a t m ust be present to call a condition 

DISH by establishing a scoring system of sorts tha t incorporated the
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various viewpoints. He had three categories: definite, probable, and 

possible. Definite DISH had fusion of a t least four consecutive vertebrae; 

probable and possible categories involved the fusion of at least two 

consecutive vertebrae in combination with various extraspinal 

ossification. This researcher agrees with H ukuda et al. (2000) in tha t 

only spurs need be present to diagnose DISH. This thesis follows a 

scoring system proposed by Arriaza (2000), which will be described in 

Chapter Three.

Characteristics the ossi/ication. Despite ram pant disagreement over 

the num ber of fused vertebrae needed to justify calling spinal 

hyperostosis DISH, everyone agrees tha t it is im portant that most of the 

intervertébral disc space be m aintained (Forestier and Lagier, 1971; 

Resnick and Niwayama, 1976; Utsinger, 1985; Arriaza, 1993;

Aufderheide and Rodriguez-Martin, 1998).

Along with maintaining intervertébral disk space, the ossification 

seen in DISH is predominately right sided and has been described as 

looking like “dripping candle wax” (Forestier and Rotes-Querol, 1950). 

While acknowledging the hyperostosis is usually right sided, Rogers et al. 

(1987) believe there is a higher likelihood of the ossification being 

bilateral if it is located in either the cervical or lum bar regions of the 

spine. Researchers believe the left side of the vertebral column is not 

usually affected by DISH because the constantly pulsating aorta does not
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allow the ligament to ossify (H^kova et al., 1965; Fairgrieve, 1999). If 

true, it might give weight to Oppenheimer's (1942) speculation th a t the 

anterior longitudinal ligament ossiGes due to lack of movement and use.

In addition to often being right sided, DISH ossification is usually 

located in the thoracic section of the vertebral column (Resnick, 1985; 

Rothschild, 1988). While it is unknown why the thoracic section is most 

often affected, it may be due in part to how the anterior longitudinal 

ligament (ALL) is constructed. As Resnick and Niwayama (1976) explain, 

the ALL is a long ligament tha t reaches hom  the skull to the sacrum. It 

is narrow in the cervical region of the vertebrae and becomes 

progressively w ider in  the  thoracic a rea  u n til it covers nearly  the  en tire  

anterolateral surface of the thoracic vertebrae. As it descends to the 

lu m b ar region, it narrow s once again . The ALL form s p a r t  of the  

vertebral periosteum in places where it actually attaches to the anterior 

surface of the vertebrae (Resnick and Niwayama, 1976). Given tha t 

hum ans have the least range of motion in the thoracic section of the 

vertebral column and th a t the ALL is widest in the thoracic area, it is 

possible tha t Oppenheimer's (1942) postulation of inactivity leading to 

ALL ossification, coupled with the relatively large width of the ALL, could 

explain the higher rates of ossification in the thoracic region. Also, 

during Gexion and extension the thoracic area moves as a  block while the 

lumbar vertebrae have more individual movement.
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BZocks q/" ossi/ïcation. Each segment of ossification along the vertebral 

column is referred to as a block. It is possible for the ossification to 

break postmortemly; however, it is stül considered one block. For there 

to be more than one block, the ossiGcation m ust have obvious starting 

and ending points in more than  one area of the vertebral column. Figure 

2 illustrates this point by showing a vertebral column with one block of 

broken ossiGcation.

Fig. 2. Smithsonian Institution, Terry Collection #1069: 

Female, white, age 70: Spine with one block of broken ossiGcation.

SunrnioTT/ q/'spinoZ DISH criteria. In classic DISH, there is fusion of 

four contiguous vertebrae. TTie ossiGcation is predominantly right sided 

and is usually found in the thoracic section of the vertebral column. 

Intervertébral disc space is maintained and apophyseal joints are spared. 

Typical DISH cases are males over the age of 40, as DISH is a  condition
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usually reserved for the elderly and affects males more than  females 

(Julkunen et al., 1975; Resnick and Niwayama, 1976; Utsinger, 1985; 

Arriaza, 1993; Auferdheide and Rodriguez-Martin, 1998).

Differential diagnosis of spinal conditions 

It is im portant to recognize th a t there are other spinal conditions 

that may be confused with DISH, and tha t the ability to distinguish DISH 

from other spinal pathologies is a  vital skiU. Pathologies tha t are most 

likely to cause confusion are spondylosis deformans /  vertebral 

osteophytes and the suite of seronegative spondyloarthropathies because 

they all involve fusion of the vertebral column (Rothschild and Woods, 

1989; Arriaza, 1993).

Sjpond^Zosis de/brmons. Spondylosis deformans (SD) is a  degenerative 

non-inflammatory condition th a t affects all areas of the vertebral column 

(Mann and Murphy, 1990; Kahl and Smith, 2000). The condition is 

characterized by osteophytes, abnormal bone growths th a t in their 

extreme form can create bony bridges between vertebrae (Chapman,

1972). Generally the lum bar area is the most affected segment followed 

by the thoracic and cervical regions; however, vertebral segments most 

affected by spondylosis deformans vary according to population (Bridges,

1994). For example. Bridges (1994) found tha t Koniag Eskimos have 

higher SD rates in the thoracic region, and individuals in the Terry
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collection have higher rates in the cervical area. Kahl and Smith (2000) 

confirmed Bridges' assertion of population differences when they too 

found different rates of SD in various segments of the spine. However, 

despite differences in segmental SD rates, there are areas within each 

segment tha t are more prone to SD than others. These are the spinal 

segments of maximum curvature and thus bear most of the weight of 

bipedalism. The areas of maximum curvature are: C4-C7 in the cervical 

region; T6-T10 in the thoracic region; and L2-L5 in the lum bar region 

(Kahl and Smith, 2000).

The etiology of spondylosis deformans is not clearly understood; 

however, it seems to be both a  product of aging and of chronic heavy load 

bearing stress (Schmorl, 1971; Chapman, 1972; Merbs, 1983; Bridges, 

1994; Kahl and Smith, 2000). Spondylosis deformans is quite common 

and afkcts people who are a t least 30 years of age, bu t is more prevalent 

in older people (Ortner and Putschar, 1985; Resnick and Niwayama,

1995). The male to female ratio in SD is under debate with some 

researchers declaring th a t males are affected m uch more than females 

(Mann and Murphy, 1990). Others state the overall rates between males 

and females are the same, it is ju s t the age of onset tha t differs (Schmorl, 

1971). Still others say the ratio is practically equal (Kahl and Smith, 

2000).

In 1972 Chapman devised a  scoring system for spondylosis 

deformans tha t consisted of Gve stages. The stages ranged from minor
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lipping a t the vertebral margins to actual ankylosis or fusion of the 

vertebrae. When fusion occurs it is often difficult to distinguish SD from 

diffuse idiopathic skeletal hyperostosis. However, in SD, there is a  loss 

of intervertébral disc space (Rothschild, 1988; Kahl and Smith, 2000). 

There is no loss of disc space in DISH. Also, while fusion in SD can be 

right sided, it is not exclusively so. The photographs Chapman (1972) 

used to define her scoring system show spondylosis deformans around 

the entire vertebral margin -  not ju s t on one side. Figure 3 shows two 

examples of spondylosis deformans.

Fig. 3. a: Smithsonian Institution, Terry Collection #788: 

Male, black age 65: Lumbar spondylosis deformans, b: Smithsonian 

Institution, Terry Collection #1286: Male, white age 50: Lumbar 

spondylosis deformans.

Seronegotiue spondi/Zoarthrqpathies. The seronegative 

spondyloarthropathies (SNS) are a  type of arthritis characterized by 

vertebral ankylosing, sacroiliac fusion, and various other extraspinal 

bone changes (Rothschild and Woods, 1992; Blondiaux et al., 1997;
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Rothschild et al., 1999). There are Gve kinds of seronegative 

spondyloarthropathies: ankylosing spondylitis, Reiter's syndrome, 

psoriatic arthritis, arthritis associated with idiopathic inflammatoiy 

bowel disease and undifferentiated seronegative spondyloarthropathy 

(Rothschild and Woods, 1992; Gratocos et al., 1999; Rothschild et al., 

1999; Martinez-Borra et al., 2000; Said-Nahal et al., 2000). While the 

etiology of the seronegative spondyloarthropathies is unclear (Bass et al., 

1974; Bywaters, 1983; Woodrow, 1985; Martinez-Borra et al., 2000; 

Said-Nahal et al., 2000), the justification for grouping these Gve disorders 

together is twofold: first, the disorders manifest similar clinical 

symptoms when a  person is first affected with the disease. Second, the 

diseases run  in families leading researchers to believe there is a  common 

genetic Hnk between the conditions (Martinez-Borra et al., 2000; Said- 

Nahal et al., 2000).

Family studies and other clinical observations alerted researchers 

to the presence of HLA-B27 among those suffering from seronegative 

spondyloarthropathies. HLA-B27 is a  class I major histocompatability 

(MHC) allele found on the HLA-B locus (Hammer et al., 1990). Not 

everyone with seronegative spondyloarthropathies has the HLA-B27 

allele; however, studies have shown a  strong link between the allele and 

the development of seronegative spondyloarthropathies (Hammer et al., 

1990; Ekman et al., 2000; Martinez-Borra et al., 2000; Said-Nahal et al., 

2 0 0 0 )).
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In an  effort to more fully establish HLA-B27 as the genetic, 

causative agent for seronegative spondyloarthropathies. Hammer et al. 

(1990) turned to transgenic rats. They found th a t most of the transgenic 

rats expressing the HLA-B27 allele developed a t least one seronegative 

spondyloarthropathy. However, while they did establish a link between 

HLA-B27 and seronegative spondyloarthropathies, they acknowledged 

tha t their study left open the possibility th a t another class I MHC gene 

might also cause seronegative spondyloarthropathies (Hammer et al., 

1990).

Logically there m ust be another causative factor in the 

development of seronegative spondyloarthropathies because no one has 

reported 100% of those with the diseases as HLA-B27 positive. In fact, 

more recent studies show tha t the percentage of HLA-B27 positive people 

with seronegative spondyloarthropathies varies with ethnicity and the 

type of seronegative spondyloarthropathy the person has (Martinez- 

Borra, 2000; Vittecoq et al., 2000). A mere literature review supports the 

idea that ethnicity affects HLA-B27 status.

Not only do HLA-B27 rates vary with ethnicity, the latest research 

has revealed the presence of other class I MHCs such as HLA-B39 and 

HLA-B35 in those with seronegative spondyloarthropathies (Sobao et al., 

1999; Said-Nahal et al., 2000). Newer animal studies have suggested the 

presence of multiple genes in seronegative spondyloarthropathy 

susceptibility, and twin and family studies have suggested tha t there
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m ust be a  triggering device th a t determines who among the HLA-B27 

positive people will develop seronegative spondyloarthropathies 

(Weinreich et al., 1995; Ekman et al., 2000; Martinez-Borra, 2000). Thus 

for now, researchers can only conclude th a t the HLA-B27 allele 

drastically increases a person's susceptibility to seronegative 

spondyloarthropathies.

Despite not knowing the exact mechanics behind contracting a 

seronegative spondyloarthropathy, the skeletal manifestations of the 

diseases are well documented. The seronegative spondyloarthropathies 

often result in vertebral ossification th a t can be confused with DISH. 

Seronegative spondyloarthropathies th a t most look like DISH, and thus 

are to be considered here, are anlqrlosing spondylitis, Reiter's syndrome, 

a n d  psoriatic  a rth ritis .

AnZq/Zosing spond^Küs. As earlier stated, the exact etiology of the 

seronegative spondyloarthropathies, and by extension ankylosing 

spondylitis (AS), is unclear. Despite a  lack of knowledge surrounding the 

cause of AS, the clinical features of the disease are well known.

Ankylosing spondylitis often begins by fusing the sacroiliac joint (Amett, 

1997; Brandt et al., 2000; François et al., 2000). In fact sacroilitis is 

often considered the cornerstone of an AS diagnosis (Van der Linden et 

al., 1984; Dougados et al., 1991).
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In its early active stages AS can cause the sufferer to loose 

significant bone m ass (Gratacos et al., 1999). As the disease progresses, 

ossification begins to ascend the vertebral column eventually fusing all of 

the vertebrae. The spine looses its flexibility (Ortner and Ihitschar, 1981) 

and begins to take on a "bamboo" look (Kidd, 1954; Zorab, 1961; Ortner 

and Putschar, 1981). As the ligaments near the spinal column begin to 

o ss i^  (Ortner and Putschar, 1981; Hunter, 1989), AS can become 

confused with DISH. However, unlike DISH cases, AS ossification can 

affect the apophyseal joints (Arriaza, 1991; Aufderheide and Rodriguez- 

Martin, 1998). Also, most of the ossification corresponds to the annulus 

Gbrosus Gber rather than the anterior longitudinal ligament. Figure 4 is 

an example of AS.

Fig. 4. Smithsonian Institution, Terry Collection #1635: 

Female, white, age 81: Anlq^losing spondylitis.

Further, unlike DISH, ankylosing spondylitis can affect the 

costovertebral joints by fusing the ribs to the vertebrae (Arriaza, 1991; 

Aufderheide and Rodriguez-Martin, 1998). There is disagreement over
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the exact sex ratio of AS, but the currently accepted range is from 2.5:1 

to 5:1 male to female (Hoyle et al., 2000).

When distinguishing between AS and DISH it is useful to look a t 

the formation of the ossiGcation on the spine. In AS, the ossiGcation of 

the anterior longitudinal ligament (ALL) is minor and tends to be 

symmetrical (Klepinger, 1970) whereas in DISH the ossiGcation of the 

ALL is pronounced and tends to be right sided (Aufderheide and 

Rodriguez-Martin, 1998; Fairgrieve, 1999). Further, ossiGcation in AS 

tends to be smooth (Ortner, 1987); in DISH anterior longitudinal 

Ggament ossiGcation is wavy or Gowing (Forestier and Rotes-Querol,

1950). In AS there is vertebral squaring (Bourke, 1967; McEwan et al., 

1971), which does not occur in DISH (Arriaza, 1993). Finally, DISH 

typically affects fewer vertebrae than AS, and the syndesmophytes in 

DISH form horizontally unlike the syndesmophytes in AS (Aufderheide 

and Rodriguez-Martin, 1998).

Another distinguishing factor between DISH and AS is the age of 

onset. The age of onset for AS is typically 16 to 30 years, but AS has 

been found in a child as young as 11 (François et al., 2000). Diffuse 

idiopathic skeletal hyperostosis, however, does not occur until a t least 40 

years of age (Arriaza, 1993).

Finally, it is important to look for the presence and condition of 

sacroiliGs. While sacroiGGs (SI) can occur in DISH, it is the hallmark of 

AS (Van der Linden et al., 1984; Rogers et al., 1985; Utsinger, 1985). To
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distinguish between the SI caused by AS and DISH, it is im portant to 

look for erosions because they would indicate AS over DISH (Utsinger,

1985). Figure 5 shows erosions of the sacroiliac joint.

%

Fig. 5. a: Smithsonian InstituGon, Terry CoUecGon #268: 

Male, White, age 62: Erosions of the SI joint, b: Smithsonian InsGtuGon, 

Terry CoUecGon #29R: Female, white, age 84: Erosions of the SI joint.

In addiGon to the need to differenGate between anlqrlosing 

spondyGGs and diffuse idiopathic skeletal hyperostosis, it is also 

important to realize that AS and DISH can coexist on the same spine. 

Figure 6 is an example an individual with ankylosing spondyGGs and 

DISH. Thoracic vertebrae one through eight and 11 through 12 are 

fused by DISH ossiGcaGon. Thoracic vertebrae nine through ten are 

fused by AS ossiGcaGon.
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AS

DISH

-DISH

Fig. 6. Smithsonian InsGtuGon, Terry CoUecGon #1635: 

Female, white, age 81: Ebcample of AS and DISH on the same spine. Note 

the fusion of the ribs to the vertebrae, a  condiGon typical of AS.

Reiter's syndrome. Reiter's syndrome (RS) is another of the 

seronegaGve spondyloarthropathies th a t could be confused with DISH. 

The disease primarily affects the feet, calcaneum, ankle and knee; 

however, there is spinal involvement associated with the condiGon as 

well (Rogers et al., 1987). When in the spine, Reiter's syndrome affects 

the thoracic and lum bar vertebrae (Arriaza, 1993). However, unlike 

DISH, the ossificaGon in Reiter's syndrome does not always affect 

conGguous vertebrae; instead the ossiGcaGon can "skip" vertebrae 

(Rogers et al, 1987). In addiGon to "skipping" vertebrae, RS can also 

affect the apophyseal joints, joints tha t are unaffected by DISH 

(Aufderheide and Rodriguez-MarGn, 1998).
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When diagnosing an individual with Reiter's syndrome, it is 

im portant to look a t the entire skeleton. For instance, RS can have 

sacroGGc involvement bu t it is usually asymmetrical. Also, entheses may 

experience bone erosion as well as reacGve new bone formaGon (Wilkens 

et al., 1981; Rogers et al., 1987; Cush and Lipsky, 1997).

Finally, when distinguishing between RS and DISH, it is of interest 

to note tha t the age of onset for Reiter's syndrome is 15 to 35 as opposed 

to the much later age of onset for DISH (Arriaza, 1993). While one would 

not make a  diagnosis based on age alone, it would be exceeding^ 

unlikely to encounter a 15 year old with DISH. Figure 7 shows a 

possible case of Reiter's syndrome.

Fig. 7. Smithsonian InsGtuGon, Terry CoUecGon #545: Male, 

white, age 44: Possible case of Reiter's Syndrome.
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This individual died of coronary disease and exhibited signs of R8 

throughout the axial skeleton.

Psoriatic arthritis. Psoriatic arthritis (PA) is a  seronegative 

spondyloarthropathy of unknown etiology th a t affects males and females 

equally (Bennett, 1997; Aufderheide and Rodriguez-Martin, 1998). 

Psoriatic arthritis usually strikes people when they are in their twenties 

or thirties; however, there is a childhood variety of PA that can occur 

when the child is 9 to 12 years old (Bennett, 1997).

Spinal manifestations of psoriatic arthritis look much like those of 

Reiter’s syndrome. In both conditions there can be thick asymmetric 

ossification as well as “skipped" areas in the ossification formation (Zias 

and Mitchell, 1996).

The condition often affects the hands by destroying the phalanges 

and deforming the bones into a “cup-and-pencil" shape (Roger et al,

1987). Psoriatic arthritis also causes enthesopathies and erosive lesions 

primarily in the upper and lower limbs. Additionally, PA often 

unilaterally affects the sacroiliac joint (Zias and Mitchell, 1996).

Summan/ q/^spinoZ dZ^rentZoZ diagnosis. When attempting to diagnose

a condition in an individual exhibiting spinal ossification, it is im portant 

to remember tha t there are multiple diseases tha t cause abnormal 

ossification. In order to differentiate DISH from RS an d /o r PA it is
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essential to look a t the entire skeleton, particularly the apophyseal joints

and the hands and feet. If these areas are normal, then a  diagnosis of 

DISH is likely. Also, when researching various diseases in an effort to 

make the most accurate diagnosis possible, it is important to remember 

tha t num erous nam es have been given to the same condiGon. In an 

attem pt to alleviate some of the confusion Table 2 summarizes the 

differenGal diagnosis of DISH in conjuncGon with the diseases discussed 

in this section. Tables 3 and 4 summarize the various names given to all 

of the diseases discussed in this secGon.

TABLE 2. Differential diagnosis o f DISH

D ISH 8 D AS R S PA
Vertebral Ossification Yes Yes Yes Yes Yes

Type Flowing Flowing Smooth "Skip" “Skip”

Apophyseal Ankylosis No No Yes Yes Yes

Sacroilitis Yes No Yes Yes Yes

Location Both ---- Symmetric Asymmetric Asymmetric

Type Non-erosive ---- Erosive Both Both

Age of O nset 40+ 30+ 20-30 15-35 20-30

Enthesopathie s Yes No Yes Yes Yes
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TABLE 3. Summon/ nomes giuen (o SD ond AS

Spondylosis Deformans Ankylosing Spondylitis

Degenerative H ypertrophic Spondylitis Ankylopoietic Spondylitis

Degenerative Spondylosis Bamboo Spine

O steoarthritis Bechterew ’s Disease

Osteophytosis HLA-27 Spondyloarthropathy

Spondylitis Deformans M arie-Strüm ple Disease

Poker Spine

Rheum atoid Snondvlitis

TABLE 4. Summon/ q /^di^renf noTues giuen to RS ond RA

Reiter’s Syndrome Psoriatic Arthritis

Reactive A rthritis

Extraspinal manifestations of DISH 

Extraspinal manifestations of DISH come in the form of 

enthesopathies (Resnick et al., 1975; Utsinger, 1985; Crubézy, 1990), 

bony spurs tha t form in areas of tendon and ligament attachm ents 

(Benjamin et al., 2000). Enthesopathies can form either as a response to 

repetitive activity, as an  inflammatory response to disease or as a 

product of aging (Niepel and Sit'aj, 1979; Dutour, 1986; Casas et al., 

1996; Benjamin et al., 2000; Corthay et al., 2000).
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Actiuitg induced enthesopathies. Numerous reports have linked 

repeüGve stressful acGvities to the producGon of enthesopathies and 

osseous changes in the skeleton (Merbs, 1983; Dutour, 1986; Sofaer

Derevenski, 2000). For example, many sports require intense use of 

certain muscles and therefore can lead to injuries th a t result in bony 

spurs (Tyrdal, 1999). "Tennis elbow" is a classic example of how 

repeGtive, stressful use of a  muscle can lead to enthesopathies (Dutour,

1986). A subtler form of acGvity induced enthesopathies can be seen in 

the archaeological record. Based on enthesopathy patterns Hawkey and 

Merbs (1997) were able to conclude tha t Thule Eskimos from the 

northwest Hudson Bay made extensive use of kayaks in their 

subsistence efforts.

AcGvity induced enthesopathie s are thought by some to be caused 

by micro-tears a t muscle or ligament insertion points tha t in tu rn  cause 

increased production of fibroblasts (connective Gssue [Corthay et al., 

2000]) and eventually ossification (Benjamin, 2000). Hawkey and Merbs 

(1995) state tha t enthesopathies are caused by increased capillary action 

in the periosteum due to repeated m uscular/ tendon stress, which in 

turn  produces increased osteon remodeling resulting in enthesopathies.

Another theoiy proposed by Smith et al. (1994) postulates th a t 

enthesopathies are caused by micro fractures in trabecular bone. They 

believe tha t enthesopathies are formed to reinforce areas of the bone 

weakened by micro-cracks. However, a  new study by Benjamin et al.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

(2000) shows tha t enthesopathies can be formed by ossificaGon within 

the fibrocartilage of muscle or ligament inserGon, one of three cartilage 

types found in the hum an body (Anderson et al., 1998). Because the

ossification occurs as part of normal growth, Benjamin et al. (2000) 

argue neither traum a nor inflammaGon need be present for the formaGon 

of bony spurs.

Disease and age induced enthesopathies. Ju s t as in activity induced 

bony spurs, there have been num erous reports crediting DISH and other 

oss% ing diseases with enthesopathy producGon (Utsinger, 1985; Beyeler 

et al., 1990; Curbézy, 1990; Corthay et al., 2000). However, despite 

making the associaGon between the diseases and enthesopathy 

production, the reports do not give the actual mechanics of spur 

formation. A review of the literature shows tha t the events taking place 

at a cellular level during non-activity induced spur formation are not 

clearly understood (Corthay et al., 2000).

Areas o f the skeleton most susceptible to enthesopathies. The need to 

distinguish between acGvity induced enthesopathies and inflammatory 

enthesopathies is somewhat circumvented in this research because it is 

assumed tha t if the individual has spinal DISH then the extraspinal 

enthesopathies are also likely due to DISH. However, to further ensure 

DISH enthesopathies alone are being recorded, tests of bilaterality were
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run (see Chapter Three). Regardless of whether the enthesopathy is 

activity induced or the result of disease, it is still a  product of aging. 

Enthesopathies have been found in young adults, bu t it is quite rare. 

Peak enthesopathy producGon occurs around age 60 in both males and 

females in all areas of the skeleton (Benjamin et al., 2000).

Whüe enthesopathies can occur virtually anywhere muscles or 

ligaments attach to bone, there are areas th a t have a higher occurrence 

of DISH related enthesopathies. As expected, there is disagreement over 

which areas of the extraspinal skeleton DISH most effects. As a  result, 

after reviewing the Gterature, this author selected and tested the m ain 

a reas of the  skeleton  th a t  m ost of the  m ajor resea rch e rs  of DISH agree 

on. Those a re a s  are: th e  scapu la , proxim al h u m eru s , d ista l h u m eru s , 

proxim al u ln a , proxim al rad iu s , iliac crest, proxim al fem ur, an te rio r 

patella, proxim al tibia, a n d  th e  ca lcan eu s (Forestier an d  Rotes-Q uerol, 

1950; R esnick e t al., 1975; R esnick an d  Niwayama, 1983; R esnick, 1985; 

U tsinger, 1985; Rogers e t al., 1987; C ru b é ^ , 1990; Arriaza, 1993;

Suzuki et al., 1993; A ufderheide an d  Rodriguez-M artin , 1998; B enjam in  

e t al., 2000).

Enthesopathies q/" the scapula. Areas of the scapula th a t are commonly 

afiected by enthesopathies include the acronnon (C rubé^, 1990) and 

ju s t below the glenoid fossa (Resnick et al., 1975; Mann and Murphy,

1990). The acromion is one of two superior extensions of the scapula
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and is located on the lateral side. The muscles tha t attach to the 

acromion, and therefore are susceptible to enthesopathy formation, are 

the deltoideus muscle and the trapezius muscle (White, 1991). The 

muscle th a t attaches below the ^enoid fossa is the triceps muscle (Mann 

and Murphy, 1990).

The deltoideus is a large triangular shaped muscle with three 

points of origin: the anterior lateral third of the clavicle, the lateral 

margin and superior acromion, and the posterior end of the spine of the 

scapula. The three insertions eventually unite and form the deltoid 

tendon, which inserts into the deltoid prominence of the hum erus. TTie 

muscle acting as a  whole, serves to abduct the arm  (Gray, 1956).

The trapezius muscle is also a triangular- shaped muscle with 

multiple points of origin: the external occipital protuberance, the spinous 

process of the seventh cervical vertebra, and the spinous processes of all 

thoracic  vertebrae. From  these  origins the  superio r portion  of the  m uscle 

inserts into the clavicle, the middle portion into the medial margin of the 

acromion, and part of the scapular spine. The inferior portion inserts 

into a tubercle near the scapular spine. When the muscle acts as a 

whole, it rotates the scapula (Gray, 1959).

The triceps brachii is a complex muscle consisting of three "heads" 

or separate, independent points of origin; those heads are the long head, 

lateral head, and medial head (Gray, 1959). For the purpose of this 

discussion, only the long head is of interest because it originates below
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the glenoid fossa, specifically a t the infraglenoid tubercle (Gray, 1959; 

White, 1991). From its point of origin, the long head eventually comes 

together with the other two heads to form the triceps tendon, which 

inserts into the olecranon of the ulna. Working as a  whole, the triceps 

serves to extend the forearm, while the long head alone extends and 

adducts the arm (Gray, 1959). Figure 8 shows enthesopathies of the 

acromion and the infraglenoid tubericle.

i

Fig. 8. a: Smithsonian InsGtution, Terry CoUecGon #1258R: 

Female, black, age 50: Acromion enthesopathies. b: Smithsonian 

InsGtuGon, Terry CoUecGon #775: Female, black, age 101: Infraglenoid 

fossa enthesopathies. c: Smithsonian InsGtuGon, Teny CoUecGon 

#1292: Female, black, age 65: Infraglenoid fossa enthesopathies.

Enthesopathies q/" the proximaZ humeras. Areas of the proximal 

hum erus tha t are typicaUy affected by enthesopathies are the 

intertubercular sulcus or bicipital groove (C rube^, 1990) and the deltoid
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tubercle or deltoid prominence (Rogers, 1985). As its name impGes, the 

bicipital groove houses the biceps brachü muscle and is thus suscepGble 

to enthe sopathies. The deltoid tubercle is the insertion point of the 

deltoid muscle (Gray, 1959), the muscle originating from the acromion 

whose funcGon and anatomy were described in the preceding secGon.

The biceps brachü muscle is a  fusiform muscle (Gray, 1959), 

meaning that it is tapered a t both ends (Anderson et al., 1998). The 

muscle has two heads: a  short head and a long head. The short head 

originates a t the coracoid process of the scapula, and the long head 

originates a t the supraglenoid tuberosity. The long head attaches to the 

hum erus at the bicipital groove and eventuaGy joins with the short head, 

inserting at the radial tuberosity as  one tendon (Gray, 1959; White,

1991). When working as a  whole, the biceps brachü serves to flex the 

forearm and supinate, or upturn , the hands. The long head by itself 

serves to reinforce the shoulder jo int by pulGng the hum erus to the 

glenoid fossa (Gray, 1959). Figure 9 shows enthesopathies a t the 

bicipital groove and the deltoid tubercle.
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Fig. 9. Smithsonian InsGtuGon, Terry CoUecGon #375: Male, 

black, age 59: a: Enthesopathies of the bicipital groove, 

b: Enthesopathies of the deltoid tuberosity.

Enthesopathies the distal humerus. The distal medial epicondyle 

is the area of the distal hum erus tha t is prone to enthesopathies 

(Resnick et al., 1975) due to the attachm ent of the pronator teres muscle 

(Mann and Murphy, 1990). The pronator teres has two heads: the 

humeral head and the u lnar head. The hum eral head originates a t the 

medial epicondyle of the hum erus whUe the u lnar head originates a t the 

medial side of the coronoid process. The two heads intersect forming a 

tendon, which inserts on the lateral surface of the radius (Gray, 1959). 

Figure 10 shows enthesopathies of the humeral medial epicondyle.
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I
Fig. 10. Smithsonian InsGtution, Teny Collection #1231: 

Female, black, age 83: Medial epicondyle enthesopathy.

Enthesopathies ojf the proxzmaZ uZna. Enthesopathies of the proximal 

u lna typical^ occur a t the u lnar olecranon (Resnick et al., 1975;

Resnick, 1985; Utsinger, 1985; C rube^ , 1990). The olecranon process is 

the inserGon site of the triceps brachii tendon (Gray, 1959; Mann and 

Murphy, 1990; White, 1991) and can experience extensive enthesopathy 

growth. The triceps brachii has three heads and originates in the 

shoulder area. Because of its point of origin, the triceps brachii has been 

discussed in detail in the "Enthesopathies of the Scapula" secGon of this 

chapter. Figure 11 shows one ulna with widespread enthesopathies of 

the olecranon process.
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Fig. 11. Smithsonian InstituGon, Terry CoUecGon #1214: Male, 

black, age 50: Enthesopathies of the olecranon process.

Enthesopathies q/" the proximal radius. The proximal radius is 

parGcularly enthesopathy prone in the area of the radial tuberosity 

(Rogers et al., 1987). The tuberosity is the inserGon point of the biceps 

brachii, a two-headed muscle th a t originates in the shoulder area (Gray, 

1959; Hall-Craggs, 1990; Mann and Murphy, 1990). Because of its 

originaGon point in the shoulder, the funcGon and form of the biceps 

brachii has been detaUed in the "Enthesopathies of the Proximal 

Humerus" secGon of this chapter. Figure 12 shows enthesopathy 

formaGon in the radial tuberosity. The radius on the left, Terry #1214, 

has extensive enthesopathy formaGon in and around the tuberosity. The 

radius on the right, Terry #1202R, has no enthesopathy development 

and is shown for the sake of comparison. It is interesting to note how 

the enthesopathy formaGon curves with the arc of the tuberosity.
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Fig. 12. a: Smithsonian Institution, Terry Collection #1261: 

Male, black, age 60: Radial tubercle enthesopathies. b: Smithsonian 

Institution, Teny Collection #1202R: Female, white, age 56: No 

enthesopathies.

Enthesopathies q/'the iliac crest. When a person is affected by DISH, 

the iliac crest is likely to experience enthesopathic ossification (Forestier 

and Rotes-Querol, 1950; Resnick et al., 1975; Resnick, 1985; Rogers et 

al., 1985; C rubé^ , 1990; Aufderheide and Rodriguez-Martin, 1998). The 

entire crest is prone to enthesopathies because num erous abdominal 

muscles originate on the crest. Because multiple muscles originate on 

the iliac crest, it is easier to divide the crest into three sections as did 

Gray (1959) when discussing the various muscles. Gray divided the 

crest into an external lip, internal lip, and an intermediate line. E^ch 

section is the point of origin for multiple muscles. The external lip 

houses the tensor fasciae latae, obliquus extem us abdominis, latissimus
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dorsi, and the fascia lata. The intermediate line houses the obliquus 

in tem us abdominis. The internal lip is the point of origin for the fascia 

iliaca, transversus abdominis, quadratus lumborum, sacrospinalis and 

the iliacus. Many of these muscles insert in the vertebral column or ribs. 

Some abdominal muscles play a  role in the function of the diaphragm 

(Gray, 1959). Figure 13 shows extensive ossification on the iliac crest 

due to diffuse idiopathic skeletal hyperostosis. It is interesting to note 

how the ossification follows the arc of the iliac crest.

Fig. 13. Smithsonian Institution, Teny Collection #1261: Male, 

black, age 60: Enthesopathy formation on the iliac crest.

Enthesopathies q^ the proximal yemur. Areas of the proximal femur

that are vulnerable to enthesopathies include the greater and lesser 

trochanters, the trochanteric fossa, and the linea aspera (Resnick and 

Niwayama, 1983; Rogers et al., 1987; Mann and Murphy, 1990; 

Aufderheide and Rodriguez-Martin, 1998). The anterior portion of the 

greater trochanter is the insertion site of the gluteus minimus, while the 

posterior portion is the insertion point of the gluteus medius. The lesser
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trochanter is the insertion point for the iliopsoas tendon, which has two 

parts, the iliacus muscle and the psoas major muscle (Gray, 1959). The 

trochanteric fossa is the insertion site for the obturator extem us tendon. 

Finally, the linea aspera is the origin site of the vastus muscles and the 

insertion site of the longis, brevis, and m agnus muscles, collectively 

known as the adductors (Gray, 1959; White, 1991).

The greater trochanter is the insertion site of both the gluteus 

medius and gluteus minimus, which have their origins in the pelvic area. 

They are responsible for abducting and rotating the thigh medially and 

laterally (Gray, 1959).

One of the two parts of the iliopsoas muscle, the psoas major, is a 

fusiform muscle originating from the lum bar vertebrae and inserting into 

the  lesser tro ch an te r of the  fem ur. It allows the  th igh  to flex a n d  ro ta te  

medially, and allows the lum bar vertebrae to flex and to bend laterally. 

The second part of the iliopsoas muscle, the iliacus, originates a t the 

ilium and also inserts in the lesser trochanter. It is responsible for 

flexion and medial rotation of the thigh (Gray, 1959).

The obturator extem us is a  triangular muscle tha t originates near 

the obturator foramen and inserts in the trochanteric fossa of the femur. 

The function of the obturator extem us is to laterally rotate the thigh 

(Gray, 1959).

The linea aspera is the point of origin for the vastus muscles, 

which are comprised of the vastus lateralis, vastus medialis and vastus
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intermedins. All of these muscles eventually come together to form 

three-fourths of the quadriceps femoris tendon, which inserts in the 

patella. The three vastus muscles, when working together as a  part of 

the quadriceps tendon, extend the leg (Gray, 1959).

The adductor muscles insert in the linea aspera. E2ach of the three 

adductors originates around the pubic/ischial area and plays a key role 

in adducting the thigh. They also allow the thigh to flex and to rotate 

medially and laterally (Gray, 1959). Figure 14 shows enthesopathies of 

the greater and lesser trochanters, the trochanteric fossa, and the linea 

aspera.
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#
Me#

Fig. 14. a: Smithsonian Institution, Terry Collection #375: 

Male, black, age 59: Enthesopathies on the greater trochanter, 

b: Smithsonian Institution, Terry Collection #775: Female, black, age 

101: Lesser trochanter, c: Smithsonian Institution, Teny Collection 

#375: Male, black, age 59: Trochanteric fossa, d: Smithsonian 

Institution, Terry Collection #1231: Female, black, age 83: Linea aspera.

Enthesopathies q/'the pateZZo. Other areas susceptible to DISH 

enthesopathies are the anterior and superior surfaces of the patella 

(Resnick et al., 1975; Resnick, 1985; Resnick and Niwayama, 1985; 

Utsinger, 1985; Rogers et al, 1987; C ru b é^ , 1990; Crubézy and 

Trinkaus, 1992; Aufderheide and Rodriguez-Martin, 1998). The patella 

is vulnerable to enthesopathies due to the insertion of the quadriceps 

femoris tendon (Rogers et al., 1987; White, 1991; Crubézy and Trinkaus,

1992). The quadriceps femoris tendon, which was mentioned in the 

discussion of the linea aspera, is comprised of four muscles: the rectus
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femoris, the vastus lateralis, the vastus medialis, and the vastus 

intermedius (Gray, 1959).

The rectus femoris is a fusiform muscle with two separate points of 

origin. The first point is along the iliac spine while the second point 

originates near the acetabulum. The two areas of the muscle eventually 

unite becoming a tendon, and insert into the base of the patella. By 

itself the rectus femoris allows the thigh to flex. When used as a  part of 

the entire quadriceps tendon, the rectus femoris gives even more 

movement (Gray, 1959).

The vastus lateralis is a  large muscle tha t originates from an 

aponeurosis (Gray, 1959), a large sheet of strong fibers tha t act like a 

tendon in order to attach the muscle to bone (Anderson et al., 1998).

The aponeurosis has multiple points of origin, one of which is the linea 

aspera. The vastus lateralis is the largest part of the quadriceps femoris 

and mingles with many other muscles on its way to its insertion point on 

the patella (Gray, 1959).

The vastus medialis also has multiple points of origin and mingles 

with various muscles, such as the adductor longus and the adductor 

magnus, on its way to the patella. Fibers from the vastus medialis 

become part of an  aponeurosis (Gray, 1959), which, in addition to 

binding muscle to bone, can bind muscles to each other (Anderson et al., 

1998). The muscle eventually inserts into the medial border of the
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patella where it joins with the rest of the quadriceps femoris (Gray,

1959).

The final part of the quadriceps tendon is the vastus intermedius, 

which originates from various points along the femur. The muscle forms 

into an aponeurosis near its insertion point on the patella, allowing the 

muscle to reinforce the quadriceps. The quadriceps femoris tendon as a 

whole allows the entire leg to extend (Gray, 1959). Figure 15 shows the 

enthesopathic ossification of the quadriceps tendon on the patella.

Fig. 15. Smithsonian Institution, Terry Collection #1214: Male, 

black, age 50: Enthesopathy of the patella.

Enthesopathies q/'thepnoximaZ tiZiia. The tibia has two main areas tha t 

are the most susceptible to enthesopathies: the tibial spines and the 

soleal line (Utsinger, 1985; Mann and Murphy, 1990). The dbial spines, 

or the medial and lateral intercondylar tubercles, are the insertion points 

for the anterior and posterior cruciate ligaments and the anterior and
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posterior portions of the menisci ligament. The soleal, or popliteal, line is 

the insertion point for the popliteus muscle (White, 1991).

The cruciate ligaments get their name in part because they cross 

each other as they traverse the area between their origin and insertion 

points. They are very strong ligaments and are located in the knee joint. 

The menisci ligaments are also in the knee joint. They are located on the 

head of the tibia and articulate with the femoral condyles. The menisci 

are surrounded by a  synovial membrane and deepen the area of the 

medial and lateral dbial condyles. The result is a stronger, smoother 

ardculadon with the femur (Gray, 1959).

The popliteus muscle is a  flat triangular muscle that originates on 

the lateral condyle of the femur. It inserts near the upper pordon of the 

soleal line of the tibia. The popliteus muscle works to flex the leg and to 

medially rotate the leg (Gray, 1959). Figure 16 shows enthesopathies of 

the dbial spines and the soleal line.

Fig. 16. Smithsonian Insdtudon, Terry CoUecdon #375: Male, 

black, age 59: a: Soleal line enthesopathies. b: Tibial spine 

enthesopathies.
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Enthesopathies q/" the caicaneus. Enthesopathies are quite common 

on the calcaneus and are usually located in the posterior and inferior 

sections of the bone (Resnick et al., 1975; Resnick and Niwayama, 1983; 

Resnick, 1985; Mann and Murphy, 1990; Benjamin et al., 2000). The 

calcaneus is the largest of the foot bones and is the insertion point of the 

strongest tendon in the hum an body, the Achilles tendon (Resnick et al., 

1977; White, 1991). While the Achilles tendon inserts in the posterior 

area, the plantaris inserts into the posterior inferior section of the 

calcaneus (Gray, 1959).

The Achilles tendon is actually part of a larger muscle known as 

the gastrocnemius. The gastrocnemius originates in the fibula and 

makes up most of the calf muscle. As the gastrocnemius nears its 

insertion point, it forms an aponeurosis from which it joins with the 

soleus. The two muscles then become the Achilles tendon (Gray, 1959).

The plantaris originates from the linea aspera and the popliteal 

ligament of the knee joint. It is situated between the gastrocnemius and 

soleus and eventually inserts in the inferior posterior calcaneus (Gray, 

1959). Figure 17 shows enthesopathies of the Achilles tendon and the 

plantaris.
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Fig. 17. a: Smithsonian Institution, Terry Collection #1214: 

Male, black, age 50: Achilles tendon enthesopathies. b: Smithsonian 

Institution, Terry Collection #1202R: Female, white, age 56: Achilles 

tendon enthesopathies.

Differential diagnosis of extraspinal conditions 

J u s t  as with spinal ossification, there are multiple diseases tha t 

cause osseus growth or remodeling throughout the extraspinal skeleton. 

Some of those conditions include degenerative joint disease, activity 

induced pathology, and the seronegative spondyloarthropathies 

(Shaibani et al., 1993).

Degeneradi/e joint disease. Degenerative joint disease (DJD), also 

known as osteoarthritis (Rothschild et al., 1999), is a  very common 

ailment throughout the animal kingdom having been found frequently in 

practically all mammals and most primates (DERousseau, 1985). In 

hum ans, degenerative joint disease is one of the m ost common skeletal 

pathologies found in archaeological populations dating from the time of 

Neanderthals to the present (Jurmain, 1977; Jurm ain, 1990).
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Osteoarthritis is generally thought to be a  product of aging and extensive 

use of certain joints. Studies have shown th a t a  general pattern of 

osteoarthritis can be discerned in archaeological populations and as a  

result can reveal something about the activities of the people suffering 

from it (Bridges, 1991). A study by Knüsel et al. (1997) questioned the 

ability of DJD to predict activities; however they focused only on spinal 

DJD whereas Bridges (1991) and others have focused on extraspinal 

DJD, which is more likely to reflect activity patterns.

Degenerative joint disease is characterized by bone remodeling, 

ebum ation, small cysts, and narrowing of joint space (Aufderheide and 

Rodriguez-Martin, 1998). It can be distinguished from DISH caused 

enthesopathies by its location and the presence of ebum ation and cysts. 

In DJD the entire joint can be affected whereas in DISH only areas of 

muscle or tendon insertion are involved. DJD shows some level of 

ebum ation or a  smooth polished bone surface; DISH enthesopathies do 

not. Figure 18 shows a case of osteoarthritis.

/

Fig. 18. Smithsonian Institution, Terry Collection #1134R: 

Female, black, age 71: Scapula exhibiting osteoarthritis or DJD.
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Acfiwh/ induced pofhoZogÿ. Activity induced enthesopathies were

discussed in detail in a previous section of this chapter and thus will not 

be further explained here. However it bears pointing out that while 

repetitive activity can cause enthesopathies, for the purposes of this 

study if the enthesopathies are bilateral and the individual has spinal 

DISH then the enthesopathies are assum ed to be a product of DISH.

Seronegative spondyloarthropathies. In addition to the spinal 

manifestations of the suite of seronegative spondyloarthropathies, SNS 

can also cause enthesopathies (Shiabani et al., 1993). However, as with 

activity induced enthesopathies, for the purposes of this study, if the 

individual has spinal DISH, does not have any of the spinal seronegative 

spondyloarthropathies, and the enthesopathies are bilateral, it is 

assum ed that the observed enthesopathies are a  product of DISH not 

SNS.
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CHAPTERS

MATERIALS AND METHODOLOGY

Materials

The population used for data collection in this study was the Terry 

Collection, housed a t the Smithsonian Institution, National Museum of 

Natural History. The Terry Collection is an anatomical collection 

comprised of 1728 individuals who lived between 1822 and 1943. Dr. 

Robert J. Teny created the collection over many years by assembling 

cadavers of people who were either unclaimed indigents or who donated 

their bodies to science. Each individual has documentation giving 

various information such as biological affinity, sex, cause of death, and 

most importantly for this research, age at death. Because the 

individuals in the Terry Collection were contemporaneous to those 

building the collection, the information for each person is known and did 

not have to be inferred through anthropological techniques (Hunt, 2000).

The Terry Collection is made up of individuals from three distinct 

biological affinity groups. The Smithsonian Institution has labeled the 

groups “black,” “white,” and “Asian.” For the sake of continuity, the 

author is using the Sm ithsonian's biological affinity terms.

50
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Methodology

Because the point of this research is to create another method for 

estimating age at death, it is essential to gather data  from a population 

in which age at death is known. If standard osteological aging methods 

were used to age the individuals, then the errors inherent in the various 

methodologies would be imbedded in the methodology this research is 

creating. As a  result, the Terry Collection was ideal for this thesis. Table 

5 summarizes the demography of the Terry Collection.

TABLE 5. q/'the Tern/ Collection

Males Females Unknown Total

White 461 323 0 784

Black 546 392 0 938

Asian 5 0 0 5

Unknown 0 0 1 1

Total 1012 715 1 1728

How the data were gathered. There is some disagreement among 

researchers as to when a  diagnosis of D ISH  can be made. According to 

some, there need be fusion of only two vertebrae (Mann and Murphy, 

1990), other opinions state there m ust be anywhere from three to four 

consecutively fused vertebrae (Rogers et al., 1987; Aufderheide and 

Rodriguez-Martin, 1998). The author chose to follow a scoring system
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created by Arriaza (2000) in order to test the replicability of the method 

and to use it as a springboard for creating the aging technique. The 

scoring system has five categories: absent, incipient, mild, moderate and

severe. The categories are based solely on spinal manifestations and are 

defined in Table 6.

TABLE 6. Definitions o f DISH categories

Degree______________ Definition____________________________________

A bsent no DISH present

Incipient extremely small spu rs  or hyperostosis in  one or more vertebrae

Mild clearly visible spurs, norm ally un fused  in  one or more vertebrae; a t least

one b u t no more th an  th ree  vertebrae have severe spu rs  

M oderate more th an  three vertebrae are affected w ith severe spu rs  or fusion a t

least three vertebrae

Severe obvious large spurs w ith o r w ithout fusion in  more th a n  four vertebrae

Figure 19 illustrates each category of DISH.

When DISH was diagnosed in the spine, other parts of the skeleton 

were examined for enthesopathies. While enthesopathies can occur 

anywhere in the body, only the enthesopathies of veiy specific muscles 

were considered in this study. These areas of the skeleton were chosen 

after an exhaustive literature review of extraspinal DISH showed them  as 

the places most researchers agreed as being prone to DISH (Resnick et 

al., 1975; Crubézy, 1990).
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Fig. 19. a : Smithsonian Institution, Terry Collection # 1 2 6 9 R : 

Female, black, age 69: Incipient DISH, b: Smithsonian Institution, Terry 

Collection # 1 134R: Female, black, age 71: Mild DISH, c: Smithsonian 

Institution, Teny Collection #1233R: Female, white, age 63: Moderate 

DISH, d: Smithsonian Institution, Teny Collection #78IR: Female, 

white, age 70: Severe DISH.
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Table 7 lists the enthesopathies m easured in this study. As the 

m easurem ents were taken they were recorded on data collection forms. 

For sample forms, see APPENDIX I.

TABLE 7. ExtrospinoZ enthesqpathi/ areas examined

Bone Location Side

Scapula Acromion Left, Right

Scapula Infraglenoid Fossa Left, Right

H um erus Bicipital Groove Left, Right

H um erus Deltoid Tuberosity Left, Right

H um erus Medial Epicondyle Left, Right

Ulna O lecranon Left, Right

Radius Radial Tuberosity Left, Right

Ilium Iliac Crest Left, Right

Fem ur Greater Trochanter Left, Right

Fem ur Lesser Trochanter Left, Right

Fem ur Trochanteric Fossa Left, Right

Femur Linea Aspera Left, Right

Patella Anterior Patella Left, Right

Tibia Tibial Spines Left, Right

Tibia Soleal Line Left, Right

Calcaneus Posterior Left, Right

Calcaneus Inferior Left, Right
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Spinal analysis 

The author diagnosed and scored the degree of DISH in each 

individual in the Teny Collection, taking care to note the individuals 

Arriaza previously analyzed in order to test the replicability of the scoring 

system. Once the individuals were categorized, the spinal ossification 

was measured in millimeters with sliding calipers. Three m easurem ents 

were taken: length of the entire ossification segment (Fig. 20 A), 

maximum width (Fig. 20 B), and maximum ossification border thickness 

on the vertebral body (Fig. 20 C). If the ossification within one block was 

not fused then the length of each individual segment within the block 

was measured then added together to produce the maximum length of 

the ossification (Fig. 21). After recording each measurement, the 

ossihcation volume was calculated:

volume = maximum length x maximum width x maximum 

ossification border thickness on vertebral body
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M Ê 1
Fig. 20. a: Smithsonian Institution, Terry Collection #842: 

Male, white, age 73: Area of maximum length, b: Smithsonian 

Institution, Terry Collection #842: Male, white, age 73: Area of maximum 

width, c: Smithsonian Institution, Terry Collection #268: Male, white, 

age 62: Maximum ossification border thickness on the vertebral body.
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Fig. 21. a: Smithsonian Institution, Terry Collection #1069: 

Female, white, age 70: One block of broken ossification, b: Smithsonian 

Institution, Terry Collection #24R: Female, black age 52: Unfused 

vertebral ossification.

Statistical analysis q/"spinaZ ossi/ïcation. Chi square tests were run  to 

test for significant differences between sex and biological afhnity within 

the DISH affected sample. Pearson product-moment correlation 

coefficient tests were performed to test the relationship between: 1) age 

versus DISH ossification volume while controlling for sex and biological 

affinity; 2) age versus individual DISH ossification m easurem ents 

(maximum length, maximum width, and maximum ossification border 

thickness on the vertebral body) while controlling for sex and biological 

affinity; 3) age versus DISH ossification volume within each degree of
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severity category while controlling for sex and biological afhnity; 4) age 

versus individual DISH ossification m easurem ents (maximum length, 

maximum width, and maximum ossification border thickness on the 

vertebral body) within each degree of severity category while controlling 

for sex and biological affinity. Finally, based on the correlations, 

regression equations were created for DISH affected individuals as a  

whole, controlling for sex, and for each degree of severi^ category.

Unfortunately, when running the regression statistics, many DISH 

affected individuals had to be rejected from the sample due to having 

other severe spondyloarthropathies in addition to DISH, or due to 

postmortem ossification breakage. Due to the modihed sample size, the 

incipient and mild categories had to be pooled as did the moderate and 

severe categories, while still controlling for sex.

Ebctraspinal analysis 

When enthesopathies were present, three m easurem ents were 

taken from the largest spur in each area: maximum height, maximum 

width, and maximum thickness. If enthesopathies were present on the 

left and right bones of the same element (i.e. the left and right femur) 

m easurem ents were still taken for each bone -  both left and right. After 

recording the measurements, volumes were calculated for each 

enthesopathy.
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volume = maximum height x maximum width x maximum 

thickness

Most enthesopathic m easurem ents are straightforward; however, 

measurements on the ulna, radius, iliac crest, patella, and calcaneus 

w arrant some explanation.

UZno. Enthesopathies on the proximal end of ulnae are found on the 

olecranon process (Mann and Murphy, 1990). Because it is difficult to 

tell where the enthesopathies begin when viewing them from the 

posterior side of the bone, a  depth m easurem ent should be taken from 

the anterior side. The width m easurem ent should be taken from the 

posterior side of the spurs as a un it -  not ju s t the tip of an individual 

spur. Figure 22 illustrates how the spurs were measured.

Fig. 22. a: Smithsonian Institution, Teny Collection #1214: 

Male, black, age 50: Depth m easurem ent from anterior side of u lna -  

measures maximum enthesopathy height, b: Smithsonian Institution, 

Teny Collection #1214: Male, black, age 50: Width m easurem ent of 

enthesopathy on ulna.
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Radius. Enthesopathy formation on the proximal radius takes place 

in the radial tuberosity. When the spur arcs around the tuberosity, it 

should be measured with a  flexible tape measure. The arc is considered 

the width, the height m easurem ent is taken inside the tuberosity and the 

thickness is horizontal to longest plane of the radius. Figure 23 

illustrates these m easurem ents.

Fig. 23. Sm ithsonian Institution, Terry Collection #1214: Male, 

black, age 50: a: Width measurement, b: Thickness measurement.

IZiac crest. The iliac crest is another place where enthesopathies form. 

The width of the enthesopathies was measured using a  tape measure to 

calculate the width of the arc. Using sliding calipers, the height was 

measured from the blade side of the spurs. Figure 24 illustrates the 

specific m easurem ents.
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Fig. 24. Smithsonian Institution, Terry Collection #1261: Male, 

black, age 60: a: Width, b: Thickness, c: Height.

foteZZcL Enthesopathies often occur on the anterior side of the 

patella. Commonly, when enthesopathies are DISH related, they 

transverse the entire length of the anterior surface (Mann and Murphy, 

1990). The maximum height, width and thickness of the enthesopathies 

were measured; the measurem ents are illustrated in Figure 25.
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Fig. 25. Smithsonian Institution, Terry Collection #1214: Male, 

black, age 50: a: Width, b: Height.

CaZconeus. Commonly, enthesopathies are found superiorly and 

inferiorly on the calcaneus (Mann and Murphy, 1990). When measuring 

the height of the enthesopathies it is important to be consistent in where 

the measurement is taken. The height m easurem ent was taken from the 

anterior side of the spur in this study. The anterior side was chosen 

because the beginning of the spur was obvious when viewed from this 

side. Determining where the spur began on the posterior side of the spur 

was somewhat subjective. Figure 26 illustrates th is point and shows 

where the measurement should be taken.
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Fig. 26. a: Smithsonian Institution, Terry Collection #1214: 

Male, black, age 50: Area height m easurem ent taken from, 

b: Smithsonian Institution, Terry Collection #1202R: Female, white, age 

56: Area of difficulty in assessing where the spur begins.

StnhshcnZ analysis oss^cohon. As with the spinal

analysis, Pearson product-moment correlation coefficient tests were 

performed to test the relationship between: 1) age versus extraspinal 

DISH ossification volumes while controlling for sex and biological affinity; 

and 2) age versus extraspinal DISH ossification volumes within each 

degree of severity category while controlling for sex and biological affinity. 

Also, to ensure th a t the extraspinal m easurem ents used in the regression 

equations were truly DISH related instead of representations of 

handedness or other enthesopathy causing factors, extraspinal 

ossification was tested for bilaterality using Pearson's r.
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Assumptions inherent in the methodology 

The basic assum ptions of the methodology are tha t 1) DISH is an 

age related condition tha t develops in a fairly uniform m anner and thus 

it can be used to estimate biological age in an individual; 2) th a t the 

Teny Collection represents an appropriate cross-section of a relatively 

modem United States population.
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CHAPTER 4 

RESULTS

The Teny Collection is comprised of 1007 males and 715 females. 

Of those individuals, 70 males and 24 females have DISH representing 

6.95% of males and 3.35% of females respectively. These values are 

significantly different = 12.12; p < 0.05). However, there are no 

significant differences between black and white biological affinily 

categories (X̂  = 4.67; p > 0.05). Because there are only five Asians in the 

sample, this category was not included in the chi square test.

The DISH scoring methodology th a t was being tested as part of this 

thesis was successful. This author and the scoring system's creator 

(Arriaza, 2000) had a  concordance rate of 97%. The author and Arriaza 

independently diagnosed and scored the level of DISH in 102 individuals 

from the Terry Collection. The final scoring system, which is based solely 

on the spinal manifestation of DISH, was defined in Chapter Three.

Tables 8 and 9 and figures 27 and 28 show the breakdowns of degrees of 

DISH affected individuals based on sex and biological affinity categories.

65
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TABLE 8. DZSB degree q/̂  sez/enfg and sex

Condition Fem ale Male Total
Incipient 4 (16%) 16 (23%) 20

Mild 4 (16%) 18 (26%) 22

Moderate 7 (29%) 19 (27%) 26

Severe 9 (38%) 17 (24%) 26

Total 24 70 94

DISH Prevalence by Sex
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Fig. 27. DISH prevalence and degree of severity by sex.
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TABLE 9. DTSB 6g degree q/^sei/entg and biofogicaZ q^nztg

Condition Asian Black White Total
Incipient 1 (50%) 10 (22%) 9 (20%) 20

Mild 1 (50%) 13 (28%) 8 (17%) 22

Moderate 0 (0%) 14 (30%) 12 (26%) 26

Severe 0 (0%) 9 (20%) 17 (37%) 26

Total 2 46 46 94

C ounts

DISH P revalence b y  B iological AfBnity

E3 in cip ien t  
1 m ild  
1 m oderate  
I severe

A sian B lack  W hite

B iological Affinity

Fig. 28. DISH prevalence and degree of severity by biological 

affinity.
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TABLE T 0. DTSTf bi/ degree q/" sei/eritg and sex unfhin biokgicoZ q/jfïnitg

categories

Asian White Black
Male Female Male Female Male Female Total

Incipient 1 0 7 2 8 2 20

Mild 1 0 8 0 9 4 22

Moderate 0 0 8 4 11 3 26

Severe 0 0 9 8 8 1 26

Total 2 0 32 14 36 10 94

Figure 29 illustrates the age breakdown of DISH and its degrees of 

severity. D isuse idiopathic skeletal hyperostosis, while age related, is 

more prevalent in the 50 to 79 year old age range.

DISH Prevalence by Age
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Fig. 29. DISH prevalence by age categories.
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Figure 30 graphically shows the num ber of individuals within each 

age range in the entire Teny Collection, DISH affected individuals 

included. This figure is included so the age ranges of DISH prevalence 

can be compared to the age ranges of the collection as a  whole.

Age Ranges for the Terry Collection as a  Whole
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100 110

Age

Fig. 30. Age ranges for the Terry Collection as a  whole.

Correlation results 

This research revealed several strong correlations between the 

am ount of DISH ossification expressed in the body and age. An absolute 

r  value of 0.600 or greater with a  corresponding p value of less than  0.05 

was considered significant. Table 11 lists the elements with the best 

correlations. For a  list of ah correlations, see APPENDIX II.
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TABLE 11. Elements with enthesopathies that correlate best with age

Element

Linea Aspera G reater Trochanter

Infraglenoid Fossa Tibial Spines

Acromion Superior Calcaneus

Olecranon Radial Tuberosity

Spinal regression results 

Mcdes; oZZ categories. Multiple sets of regression equations have been

created based on spinal information. The first set pools the information 

from all DISH degree of severity categories, controlling for sex, and 

creates a regression equation based on this data. Using the length and 

the width of the spinal ossification, the equation is able to account for 

37% of the variance within the data. The p value for length is 0.7423 

and the p value for width is 0.0015. The p value for the model as a 

whole is p > 0.0003. The equation is:

Age = 44.23 + 0.01 x Length + 0.73 x Width

Obviously width is the more reliable m easurem ent but when used 

in the regression by itself, the regression line is still only able to account

for 37% of the variance. However, the p value becomes more reliable 

with a  value of <0.0001. The p value for the model as a  whole is p > 

0.0001. The equation is:

Age = 44.13 + 0.77 x Width
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In both cases the sample size is 38.

MoZes; incipient and mdd categories. Unfortunately, sample size 

became a  problem so instead of creating regression equations for every 

category of DISH, which would have been ideal, the author was forced to 

pool categories. Thus regressions were run  on the combined groups of

incipient and mild DISH sufferers. When length and width are used, the 

equation is able to account for only 36% of the variance in the data. 

Length has a  p value of 0.8826 and width has a  p value of 0.0623. The 

model as a whole has a  p value of 0.1363. The equation is:

Age = 43.73 + 0.03 x Length + 0.74 x Width

Again, width is the more telling aspect of the ossification. When 

width alone is used in the regression, the R-square value is 42%. The 

probability of the model as a  whole is p > 0.0405. The equation is:

Age = 44.12 + 0.75 x Width 

In both cases the sample size is 12.

Males: moderate and severe categories. Using vertebral ossification 

length and width, the regression has an R-square value of 11%. The p 

value of the length is 0.7861 and the p value of the width is 0.1326. The 

probability of the model as a whole is p > 0.2743. The equation is:

Age = 44.77 + 0.11 x Length + 0.71 x Width
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As with the other categories, width is a  more useful marker in accounting 

for the data than length.

W hen w idth is u se d  in  a  sim ple linear regression  equation , th e  R- 

square value is 11%, the p value for width is 0.1091 and the probability 

for the  m odel a s  a  whole is  p  > 0.1091. The equation  is:

Age = 45.38 + 0.73 x Width

In both  cases the  sam ple  size is  26.

Females: all categories. W hen only length an d  w idth  a re  u se d  in  the  

regression form ula th e  R -square  value is 16%. The p value of leng th  is 

0 .2870 an d  the  p value of w idth  is 0 .2860. The p value for th e  m odel a s  

a  whole is p > 0 .3606 . The equation  is:

Age = 67 .23  - 0 .08  x Length + 0 .4 Ix  W idth 

W idth by itse lf gives a n  R -square  value of 7% a n d  a  p  value of 

0.3440. The probability  of th e  m odel a s  a  whole is p  > 0 .3440. The 

equation is:

Age = 60 .74  + 0 .36  x W idth 

The sam ple size in  b o th  cases  is 15.

Females: incipient and mild categories. Only two fem ales were p resen t 

th u s  m aking sam ple size a  problem  even w hen th e  incip ien t a n d  m ild 

categories were pooled. As a  result no equations could be created for 

this category.
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Females: m oderate and severe categories. W hen ossification leng th  an d  

width are used in the regression formula, R-square equals 30%. The p 

value of length is 0.7221 and the p value of width is 0.1067. The 

probability  of the  m odel a s  a  whole is p  > 0 .2437 . The equation  is:

Age = 44 .02  + 0.03 x Length + 0 .66  x W idth 

When only width is used in the regression, the R-square value is 

29% . The p value of w idth is 0 .0904  an d  th e  probability  of the  m odel a s  

a  whole is p  > 0 .0904. The equation  is:

Age = 49 .63  + 0.61 x W idth 

The sam ple size in  bo th  cases is 11.

E x trasp inal an d  sp inal regression  re su lts  

The percen tages for all of th e  sp inal reg ressions a re  quite  low so 

the  logical nex t step  is to add  inform ation from  th e  ex trasp inal 

m easu rem en ts  to th e  sp inal regressions in a n  effort to boost the  R- 

square  values.

Males: incipient and mild categories. After add ing  ex trasp inal d a ta  to 

the  sp inal d a ta , the  m ultip le regression equation  h a s  a n  R -square value 

of 52% . The equation  is:

Age = 38.71 + 1.57 x  W idth of sp ina l ossification + 0.12 x Soleal 

line - 0.01 x Linea aspera -  0.19 x Olecranon -  0.01 x Patella 

R-Squ = 0.52 p > 0 .0716  n  = 12
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Figure 31 graphically illu s tra te s  th e  reg ression  line for th is  equation .
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Fig. 31. R egression line for inc ip ien t/m ild  m ales.

Males; m oderate a n d  seoere categories. The m ultip le  regression  

equation  created  for th is  category h a s  a n  R -square value of 41% . The 

equation  is a s  follows:

Age = 42.61 + 0 .84  x  W idth of sp ina l ossification + 0.73 x  Acromion 

+ 0 .02  X Bicipital groove -  0.01 x  Patella  -  0 .12 x  Superior 

calcaneus

R-Squ = 0.41 p > 0 .0483  n  = 26

Figure 32 illu stra te s  th e  regression  line for th is  equation .
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Regression line for moderate/  severe males.

FemoZes; off categories. When combining spinal and extraspinal 

elements, the regression equation has an R-square value of 85%. The 

equation is:

Age = 49.45 + 0.50 x Width of spinal ossiGcation -  0.19 x Acromion 

+ 0.15 X Olecranon + 0.05 x Inferior calcaneus + 0.01 x Patella 

R-Squ = 0.85 p > 0.0034 n = 15

Figure 33 illustrates the regression line for this equation.
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Fig. 33.

Age F*redicted 

Regression line for all DISH degrees females.

Females; incipient and mild categories. As with the spinal regressions, 

the sample size for this category was too small to run  regression 

statistics on.

Females; moderate and seoere categories. The regression equation 

created for this category has an  R-square value of 91%. The equation is 

as follows:

Age = 47.82 + 0.56 x Width of spinal ossification -  42.21 x 

Infraglenoid fossa + 4.38 x Bicipital groove + 0.37 x Olecranon -  

0.10 X Superior Calcaneus
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R-Squ = 0.91 p > 0.0166 n = 11

Figure 34 illustrates the regression line for this equation.
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Fig. 34. Regression line for moderate/  severe females.
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CHAPTERS

DISCUSSION

This th es is  uncovered  m any  very strong  corre la tions betw een DISH 

and  age a t  death . It w as able to p roduce regression  equations th a t  allow 

age predictions b ased  on th e  level of DISH seen  in  th e  skeleton, an d  it 

w as able to validate a  scoring system  th a t  th is  a u th o r  suggests be the  

s tan d ard  scoring system  u se d  w henever DISH is p re sen t in  skeletal 

populations.

D iscussion  of regression  re su lts  

General results. The low R -square  values for th e  reg ressions w hen 

considering all categories a s  a  whole w as no t unexpected . The m ixing of 

incipient an d  m ild categories w ith m oderate an d  severe ones could  only 

throw o^ the results because while a  100 year old could have an 

incipient or m ild case  of DISH, a  40 year old w ould n o t have a  m oderate  

or severe case  of DISH.

The low R -square  va lues for the  reg ressions relying only on sp inal 

d a ta  were no t com pletely unexpected , yet still d isappo in ting  in  th a t  it

78
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w ould have been preferable to keep the  final reg ression  equations a s  

sim ple as possible.

The unexpected  re su lts  cam e from the  ex trasp ina l data . Those 

who have analyzed a  n u m b er of individuals w ith DISH have no  d o u b t 

noticed the  extrem e en th eso p a th ie s  in  a re a s  su ch  a s  th e  iliac crest. It 

w as expected th a t  the  en th eso p a th ie s  in  th is  regions w ould be th e  m o st 

diagnostic w hen it cam e to estab lish ing  an  age a t  d e a th  an d  y e t it w as 

am ong the  least u sefu l in  th is  effort a s  it show ed low corre lations w ith  

age. Instead , en th eso p a th ies  in  unexpected  a reas  su c h  a s  the 

infraglenoid fossa, acrom ion, a n d  m edial epicondyle were m ore indicative 

of age a t death .

Specific results. While m any  regression  equations w ere created  a s  a  

p a rt of th is  project, th e  a u th o r  recom m ends only very specific ones be 

used . None of the  equa tions incorporating  only d a ta  from  sp inal 

ossification m easu rem en ts  p roduced  high enough R -square va lues to 

w a rran t ever u sin g  them . Therefore, only the  equations in tegrating  

sp inal an d  ex trasp ina l d a ta  shou ld  be considered. B ecause chi square  

te s ts  indicated significant differences betw een m ales a n d  fem ales, 

separa te  equations shou ld  be u se d  for bo th  sexes. The elem ents u se d  in 

the  final equations were chosen  because  they  increased  the  R -square  

values for each  equation , correlated  well w ith age a t  dea th , an d  h a d  a
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high correlation when testing for bilaterality (thus ensuring DISH was

being m easu red  an d  no t o ther hyperosto tic  conditions).

Reco/nmended equations /o r  males. Sample sizes were such th a t the 

equations created for both the incipient/m ild category and the 

m oderate/  severe category are valid. As has been stated, equations based 

on spinal data alone are not useful; therefore, if a  male has either

incip ien t o r m ild DISH th en  the  following equation  shou ld  be used :

Age = 38.71 + 1.57 x  W idth of sp ina l ossification + 0.12 x Soleal 

line - 0.01 x Linea a sp e ra  -  0 .19 x O lecranon -  0.01 x Patella  

R-Squ = 0 .52 p  > 0 .0716  n = 12

The equation  accoun ts for 52% of th e  variance w ith in  th e  data .

If a  m ale h a s  e ither m oderate  or severe DISH th en  the  

recom m ended equation  is:

Age = 42.61 + 0 .84 x  W idth of sp ina l ossification + 0 .73 x  Acrom ion 

+ 0 .02  X  Bicipital groove -  0 .01 x Patella  -  0 .12 x  Superior 

ca lcaneus

R-Squ = 0.41 p > 0 .0483  n  = 26

This equation  accoun ts for 41% of th e  variance  w ith in  the  data.

Recommended equations /or/emaZes. As with males, equations based

solely on sp ina l ossification m easu rem en ts  a re  n o t reliable enough  to 

use, bu t those equations using spinal and extraspinal m easurem ents
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are. Unfbitunately the sample size for the incipient/mild category was 

too small to create an equation, so the author recommends using the 

equation created for females in all categories combined when dealing 

with a female with an  incipient or mild case of DISH. The equation is:

Age = 49.45 + 0.50 x Width of spinal ossification -  0.19 x Acromion 

+ 0.15 X Olecranon + 0.05 x Inferior calcaneus + 0.01 x Patella 

R-Squ = 0.85 p > 0.0034 n  = 15

The equation is not the ideal, however, it does account for 85% of the 

variance in the data.

If dealing with females in the moderate or severe categories, the 

recommended equation is:

Age -  47.82 + 0.56 x Width of spinal ossification -  42.21 x 

In&aglenoid fossa + 4.38 x Bicipital groove + 0.37 x Olecranon -  

0.10 X Superior Calcaneus

R-Squ = 0.91 p > 0.0166 n  = 11

The equation accounts for 97% of the variance within the data and thus 

is reliable.

An illustrated example of using DISH to estimate age a t death 

Case: Smithsonian Institution, Teny Collection #16RR

Sex: Female Level of DISH: Moderate (Fig. 35)
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P*

Fig. 35. Smithsonian Institution, Teny Collection #16RR: 

Moderate DISH.

The appropriate equation for females with moderate DISH is:

Age = 47.82 + 0.56 x Width of spinal ossification -  42.21 x 

Infraglenoid fossa + 4.38 x Bicipital groove + 0.37 x Olecranon -  

0.10 X Superior Calcaneus 

Table 12 lists the ossification m easurem ents necessary for this equation.

TABLE 12. Measurements needed /o r  /em ales unth moderate DISH

Elements and M easurements

Width of spinal ossification = 32.70

In&aglenoid fossa 0 (non DISH related pathology)

Bicipital groove 5.62

Olecranon = 0 (non DISH related pathology)

Superior calcaneus = 13.85
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Age = 47.82 + (0.56 x 32.70) -  (42.21 x 0) + (4.38 x 5.62) + (0.37 x 0) -  

(O.lOx 13.85)

Age = 47.82 + 18.31 -  0 + 24.62 + 0 - 1 . 3 9

Age = 89 .36

Actual age according to Terry Collection records: 91

S treng th s an d  w eaknesses of th e  th es is  

Strengths. There are many strong points in the methodology and 

execution of this research. Foremost among the strengths is the fact th a t

a  population  of know n age, sex, an d  biological affinity w as u se d  for d a ta  

gathering; therefore, th e  e rro rs  in trin sic  in  osteological biological profiling 

m ethods a re  n o t im bedded in the  aging m ethodology created  by th is  

research . A nother strong  po in t of th e  aging m ethodology is th a t  the  

m easu rem en ts  required  to u se  th e  regression  equations a re  m etric  an d  

therefore a re  less vulnerable to subjective in te rp re ta tio n . Finally, the  

DISH scoring system  tes ted  in  th is  th e s is  w as successfu l an d  can  be 

u se d  in  any  individual exhibiting DISH ossification, regard less of 

an tiqu ity  or e thn ic  population.

W eaknesses. This research  suffers from  its  sm all sam ple size a n d  from  

th e  problem s in h eren t in  studying  only one popu lation  a n d  th en  

a ttem pting  to create  a  m ethodology th a t  will apply  to every popu lation  on 

earth . The a u th o r  is fully aw are of th e  dangers of u sin g  m etric
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m easurem ents taken from a modem population and using regression 

equations based on such data in archaeological populations. The author 

proposes th a t the aging technique is more useful in forensic settings bu t

p e rh ap s once m ore research  is com plete (i.e. th e  techn ique  is s tud ied  in 

various archaeological populations) it can  be u se d  w ith fewer 

reservations w hen dealing w ith anc ien t skeletons. The a u th o r fu rth e r 

recognizes th a t  fem ales were greatly u n d e rrep resen ted  in  th is  study. 

While fem ales have been  tho u g h t to be ha lf a s  likely as m ales to have 

DISH, the author nonetheless acknowledges the need for a  greater female 

sample size to create the best regression equations possible for females 

w ith  DISH.

F u rth e r research  

There w as a n  a ttem p t on the  a u th o r’s p a r t  to estab lish  an  

in traobserver e rro r percentage; however, tim e a n d  budget restric tions 

prevented h e r from doing so in  th e  m an n e r in  w hich  she h ad  hoped (i.e. 

go th rough  th e  entire  Terry Collection twice, diagnosing, scoring, an d  

m easuring  DISH blindly bo th  tim es). Instead , sh e  w as only able to 

analyze a  lim ited n u m b er of random ly chosen  ind iv iduals twice an d  infer 

a n  in traobserver erro r from  th a t. In addition  to in traobserver error, 

interobserver error would be a  very interesting study; how well can 

o thers replicate th is  techn ique?  The a u th o r  believes the  replicability will
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be high; however, it would add strength to the aging methodology if 

another researcher were to replicate this author's findings.

Once all issu es  of replicability a n d  sam ple size are  resolved, the  

m ethod shou ld  be tes ted  on various popu lations from  a round  th e  world 

to see if the equations need to be modified depending on the biological 

affinity of the  popu lation  u n d e r study. If m ultip le  popu lations were 

analyzed th e n  resea rch e rs  would also know  if th e  regression  equations 

are  population  specific or if they  are  m ore un iversal.

S um m aiy  an d  final th o u g h ts

The first step in using this methodology is to diagnose DISH in an

individual an d  score the  severity of th e  condition b ased  on the  scoring 

system  defined in th is  thesis . Next, sex the  indiv idual because  there  are  

significant differences betw een m ales a n d  fem ales w hen it com es to 

diffuse id iopathic skeletal hyperostosis. Once th e  degree of DISH severity 

an d  the  sex of th e  individual have been  estab lished , u se  th e  regression  

equation  th a t  co rresponds to the  overall category in  w hich the  individual 

falls. Use the  equation  to determ ine w hich ossification m easu rem en ts  

need to be taken . Solve th e  equation  a n d  it will p roduce  a n  estim ated  

age a t death for the individual.

It is unfortunate th a t the multiple regression equations for males 

in  bo th  categories h ad  su c h  low R -square  values. However, because  of 

the  sm all sam ple size, th is  shou ld  be considered  a  prelim inary study , th e
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results of which are promising e n o u ^  to w arrant further research and 

should not deter workers from using the equations. Overall the author

believes th is  is  a  good m ethodology for assess in g  age a t death . It will 

probably never replace the pubic symphysis as the most reliable method 

created, bu t when used on females it is on par with many other 

techniques in general use and should be considered as another tool with

w hich to ga ther inform ation w henever a  research er en co u n ters  a  

skeleton w ith signs of diffuse id iopath ic  skeletal hyperostosis.
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Collection Name: Terry Collection_____________
Location of Collection: Smithsonian Institution 
Catalog Number:__________________________

Observer^
Date:
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PhotographsL
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X = Absent
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Notes/Drawinos Existing Blo Profile

Sex:___________________

Age:___________________

Race:
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Oause of Death:

DISH yes/no!. 
Degree;_____

= Areas with DISH
Sours

Spine with DISH yes □ no □
Scapula: Acromion yes □ no □
Scapula: Infraglenoid Fossa yes □ no □
Humerus: Bicipital Groove yes □ no □
Humerus: Deltoid Tubercle yes □ noD
Humerus: Medial Epicondyle yes □ no □
Ulna: Olecranon Process yes □ no □
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Femur: Greater Trochanter yes □ no □
Femur: Trochanteric Fossa yes □ no □
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Patella: Anterior yes □ no □
Tibia: Spines yes □ no □
Tibia: Soleal Line yes □ no □
Calcaneus: Superior yes □ no a
Calcaneus: Inferior yes □ n o n

Other Spinal Pathologies.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

P resence of Vertebral O ssification

C o lle c t io n : Terrv C ollection
Catalog Number.

Observer: Jennifer Riddle
Date;_______________ 2001

Photograph Number(s)!_

Anterior V iew  of the Spine Measurement of the Continuous Ossification

Max Length by Max Width by Left Border Thickness

Block 1 ____

Block 2

Block 3

= Ossification of Ligament

Number of Blocks: Vertebrae Involved:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



99

PRESENCE OF SCAPULAR OSSIFICATION

Collection Name: Terrv C ollection
Catalog Number:_______________

Observer:
Date:

Jennifer R iddle
2 0 0 1

Photograph Number(s)i_

Left

Scapula: Present/Partial/Absenti. 
DISH: Present/Absent:__________

I = Ossification of Ligament 

View of the Scapula

Lateral

Measurements of the Acromion Ossification

TVlax Height!. 
Width:______
Thickness:

M e a s u r e m e n t s  o f  t h e  I n f r a g l e n o i d  F o s s a
Ossification

Max Height!. 
Width:______
Thickness:

Right

Scapula: Present/Partial/Absent!. 
DISH: Present/Absent;__________

I  = Ossification of Ligament 

View of the Scapula

Lateral

Measurements of the Acromion 
Ossification

M ax Height!. 
Width;______
Thickness:

M e a s u r e m e n t s  o f  t h e  I n f r a g l e n o i d
Fossa Ossification

Max Height!. 
Width;______
Thickness:
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PRESENCE OF PROXIMAL HUMERAL OSSIFICATION

Collection Name: Terrv C ollection
Catalog Number;______________
Photograph Number(s)i.

Observer:
Date:

Jennifer Riddle
 2 0 0 1

LEFT
Proximal Humerus: Present/Absent^ 
DISH: Present/Absent:___________

= Ossification of Ligament 

Proximal End of the Humerus 

Anterior View

Measurements of the Bicipital Groove 
Ossification

Max Height!. 
Width:______
Thickness:

Proximal End of the Humerus

Lateral View

Measurements of the Deltoid Tuberosity 
Ossification

Max Height!. 
Width:
Thickness:

RIGffT
Proximal Humerus: Present/Absent!. 
DISH: Present/Absent:_____________

= Ossification of Ligament 

Proximal End of the Humerus

Anterior View

Measurements of the Bicipital Groove 
Ossification

Max Height!. 
Width;______
Thickness:

Proximal End of the Humerus

Lateral View

Measurements of the Deltoid Tuberosity 
Ossification

Max Height!. 
Width:______
Thickness:
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PRESENCE OF DISTAL HUMERAL OSSIFICATION

Collection Name: Terrv C ollection
Catalog Number_______________

Observer:
Date:____

Jennifer Riddle
 2 0 0 1

Photograph Number(s)L

LEFT RIGHT

Distal Humerus: Present/Absent: Distal Humerus: Present/Absent:
DISH: Present/Absent: DISH: Present/Absent:

m  = Ossification of Ligament H  = Ossification of Ligament

Distal End of the Humerus Distal End of the Humerus

Anterior View

J\
Anterior View  

/{
Measurements of the Humeral Medial 

Epicondyle Ossification
Measurements of the Humeral Medial 

Epicondyle Ossification

Max Heiaht: Max Heiaht:
Width: Width:
Thickness: Thickness:
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PRESENCE OF ULNAR OSSIFICATION

Collection Name: Terrv C ollection
Catalog Number;_______________
Photograph Number(s)L

Observer:
Date:

Jennifer R iddle
 2001

L e f t

Proximal Ulna: Present/Absenti 
DISH: Present/Absent;_________

H  = Ossification of Ligament

Proximal End of the Ulna

Medial View Lateral View

Measurements of the Ulnar Olecranon 
Ossification

Max Height!. 
Width:______
Thickness:

R i g h t

Proximal Ulna: Present/Absent! 
DISH: Present/Absent:________

H  = Ossification of Ligament

Proximal End of the Ulna

Medial View Lateral View

Measurements of the Ulnar Olecranon 
Ossification

Max Height!. 
Width:_____
Thickness:
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P r e s e n c e  o f  R a d ia l  O s s if ic a t io n

Collection Name: Terrv C ollection
Catalog Number_______________
Photograph Number(s)L

Observer
Date:

Jennifer R iddle
 2 0 0 1

Left

Proximal Radius: Present/Absent^ 
DISH: Present/Absent:___________

H  = Ossification of Ligament 

Proximal End of the Radius

Medial View Posterior View

Measurements of the Radial 
Tuberosity Ossification

Max Height!. 
Width:______
Thickness:

Right

Proximal Radius: Present/Absent!. 
DISH: Present/Absent;____________

= Ossification of Ligament 

Proximal View of the Radius

Medial View Posterior View

Measurements of the Radial 
Tuberosity Ossification

Max Height! 
Width;_____
Thickness:
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P r e s e n c e  o f  Ilia c  C r e s t  O s s if ic a t io n

Collection Name: Terrv Collection
Catalog Number.

Observer:
Date:

Jennifer Riddle
 2001

Photograph Number%s)L

L e f t

Ilium; Present/Absenti_ 
DISH: Present/AbsentL

g  = Ossification of Ligament

View of t h e  ilium 

Lateral

M easurem ents o f the Ossification

Max Height!
Width of the A rc! 
Thickness:______

R i g h t

Ilium: Present/Absent!
DISH: Present/Absent:

I = Ossification of Ligament 

V iew  o f the  Ilium  

Lateral

M easurem ents o f the O ssification

Max Height!
Width of the Arc! 
Thickness;______
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P r e s e n c e  o f  F e m u r a l  O s s if ic a t io n

C o lle c t io n  Name: Terrv C ollection
Catalog Number:_______________

Observer
Date:

Jennifer Riddle
 2 0 0 1

Photograph Number(s):

Left

Proximal Femur; Present/Absent! 
DISH: Present/Absent:___________

I  = Ossification of Ligament

Proximal End of the Femur
Posterior View

Measurements of the Greater Trochanter 
Ossification

Max Height!. 
Width:______
Thickness:

Measurements of the Trochanteric Fossa 
Ossification

Max Height! 
Width:_____
Thickness:

Measurements of the Lesser Trochanter
Ossification

Max Height!. 
Width:
Thickness:

Measurements of the Lines Aspera 
Ossification

Max Height;_________________________
Width: _______________________
Thickness:

Right

Proximal Femur: Present/Absent! 
DISH: Present/Absent:___________

= Ossification of Ligament

Proximal End of the Femur
Posterior View

Measurements of the Greater Trochanter 
Ossification

Max Height! 
Width:______
Thickness:

Measurements of the Trochanteric 
Fossa Ossification

Max Height!. 
Width:
Thickness:

Measurements of the Lesser Trochanter 
Ossification

Max Height!. 
Width:______
Thickness:

Measurements of the LInea Aspera
Ossification

Max Height:_________________________
Width;______________________________
Thickness;__________________________
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P r e s e n c e  o f  P a t e l l a r  O s s if ic a t io n

Collection Name: Terrv C ollection
Catalog Number^

Observer:
Date:

Jen n ifer R iddle
 2 0 0 1

Photograph Number(s):

Left

Patella; Present/Absent:

DISH: Present/Absent:

Anterior View  
of Patella

Measurements of the Anterior
Ossification

Max Height! 
Width:_____
Thickness:

Right

Patella: Present/Absent;. 

DISH: Present/Absent!

Anterior View  
of Patella

Measurements of the Anterior
Ossification

Max Height!. 
Width:______
Thickness:

= Ligament Ossification
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P r e s e n c e  o f  T ibia l  O s s if ic a t io n

Collection Name: Terrv C ollection
Catalog Number;_______________
Photograph Number(s);

Observer
Date:

Jennifer Riddle
 2001

L e f t

Proximal Tibia; Present/Absent! 
DISH: Present/Absent:__________

0  = Ossification of Ligament 

Proximal End of the Tibia

Posterior View

Measurements of the Soleal Line 
Ossification

Max Height!
Width:______
Thickness:

M e a s u r e m e n t s  o f  t h e  S p i n a l  O s s i f i c a t i o n

Max Height!. 
Width:______
Thickness:

R i g h t

Proximal Tibia: Present/Absent! 
DISH: Present/Absent:__________

= Ossification of Ligament 

Proximal End of the Tibia

Posterior View

Measurements of the Soleal Line 
Ossification

Max Height! 
Width:_____
Thickness:

M e a s u r e m e n t s  o f  t h e  S p i n a l  O s s i f i c a t i o n

Max Height! 
Width;______
Thickness:
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P r e s e n c e  o f  C a l c a n e a l  O s s if ic a t io n

Collection Name: Terrv C ollection
Catalog Number_______________
Photograph Number(s)i.

Observer:
Date:

Jen n ifer R iddle
 2 0 0 1

Left

Calcaneus: Present/Absent! 
DISH: Present/Absent:_____

B  = Ossification of Ligament 

View of the Calcaneus

Dorsal (Superior) Plantar (Inferior)

Measurements of the Superior Ossification

M ax Height: 
Width:_____
Thickness:

Measurements of the Inferior Ossification

Max Height! 
Width:______
Thickness:

Right

Calcaneus: Present/Absent!. 
DISH: Present/Absent;______

B  = Ossification of Ligament 

View of the Calcaneus 

Dorsal (Superior) Plantar (Inferior)

Measurements of the Superior Ossification

M ax Height! 
Width:_____
Thickness:

Measurements of the Inferior Ossification

M ax Height! 
Width:______
Thickness:
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Incipient/mild females: spinal and extraspinal correlations with age

Variable Age r =

age 1

length 0.5547

w idth 0.3316

th ick -0.5683

d ep th 0.0812

vol th ick -0.4834

vol dep th 0.083

L acrom ion 0.8617

L infraglenoid fossa 0.9582

R acrom ion -0.8205

R infraglenoid fossa -0.2469

L biciptial groove -0.2789

L deltoid tuberosity 0.1674

R bicipital groove -0.2786

R deltoid tuberosity 0.1674

L epicondyle 0.1787

R epicondyle 0.0362

L olecronon 0.8403

R olecronon 0.8446

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Ill

L radial tuberosity 0.9217

R radial tuberosity 0.4966

L ilium -0.0134

R ilium -0.175

L greater troch 0.9375

L lesser troch 0.8374

L linea aspera 0.5111

R greater troch -0.0899

R lesser troch 0.9494

R linea aspera 0.4175

L patella 0.3081

R patella 0.2801

L soleal 0.3822

L spine 0.0954

R soleal -0.1756

R spine 0.6745

L sup calcaneus -0.6136

L infer calcaneus -0.2098

R sup calcaneus 0.8662

R infer calcaneus 0.4597
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Moderate /  severe females: spinal and extraspinal correlations with age

Variable Age r =

Age 1.0000

length 0.2740

width 0.5812

thick 0.3359

depth 0.5546

vol thick 0.3720

vol depth 0.6463

L acromion -0.1047

L infraglenoid fossa 0.5461

R acromion -0.2884

R infraglenoid fossa 0.5943

L bicip groove 0.5461

L deltoid tub 0.5461

R bicip groove 0.5478

R deltoid tub 0.5461

L epicondyle -0.1635

R epicondyle 0.3908

L olecronon 0.4663

R olecronon 0.5026
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L radial tub 0.5331

R radial tub 0.0818

L ibum 0.0496

R ilium -0.0477

L Great trochanter 0.4602

L less trochanter -0.4687

L linea aspera -0.0755

R greater trochanter 0.5348

R less trochanter 0.4366

R linea aspera 0.6355

L patella 0.3926

R patella 0.3399

L soleal -0.1530

L spine 0.2089

R soleal -0.0671

R spine 0.4989

L sup calcaneus -0.4521

L infer calcaneus -0.2554

R sup calcaneus -0.5900

R infer calcaneus -0.2310
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Incipient/mild males: spinal and extraspinal correlations with age

Variable Age r =

age

length

width 

thick 

depth 

vol thick 

vol depth 

L acromion 

L infraglenoid fossa 

R acromion 

R infraglenoid fossa 

L biciptial groove 

L deltoid tuberosity 

R bicipital groove 

R deltoid tuberosity 

L epicondyle 

R epicondyle 

L olecronon 

R olecronon

1.0000

0.1869

0.5968

-0.0366

0.2435

0.3141

0.2452

-0.2032

0.2010

0.3984

0.2814

0.2560

0.0000

0.2118

0.2010

-0.2471

0.3163

(1 1 9 0 8

-0.1227
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L radkütuüxrosky -0.0920

ïti^KÜailuberosü^r -0.0598

L ilium 0.3583

R ilium 0.3389

L greater troch -0.0537

L lesser troch 0.1286

L linea aspera (X3371

R greater troch 0.0704

R lesser troch -0.3122

R linea aspera 0.3309

L patella 0.1094

R patella 0.1399

L soleal 0.2068

L spine 0.2814

R soleal 0.2010

R spine -0.0070

L sup calcaneus -0.1171

L infer calcaneus 0.1902

R sup calcaneus 0.2325

Ft infer CÆÜcarums -0.3286
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Moderate/  severe males: spinal and extraspinal correlations with age

Variable Age r  =

Age 1.0000

length 0.1092

width 0.3217

thick 0.1495

depth 0.2800

vol thick 0.1836

vol depth 0.2023

L acromion 0.3684

L infraglenoid fossa 0.3532

R acromion 0.2406

R infraglenoid fossa 0.6285

L bicip groove (11705

L deltoid tub -0.0721

R bicip groove 0.0521

R deltoid tub 0.2220

L epicondyle -0.0063

R epicondyle -0.0894

L olecronon -0.2110

R olecronon -0.0500
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L radial tub 0.0301

R radial tub 0.2059

L ilium (11561

R ilium (12577

L Great trochanter -0.2358

L less trochanter 0.0825

L linea aspera -0.2236

R greater trochanter 0.5408

R less trochanter (12131

R linea aspera -0.0110

L patella -0.1860

R patella -0.1981

L soleal 0.0797

L spine 0.4611

R soleal -0.1681

R spine (10610

L sup calcaneus 0.2665

L infer calcaneus -0.3171

R sup calcaneus (11245

R infer calcaneus (12278
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AU degrees of DISH pooled males and females: left elements correlated

with right elements

Bone Location r  value

Scapula Acromion 0.4913

Scapula Infraglenoid Fossa 0.3699

Humerus Bicipital Groove 0.6888

Humerus Deltoid Tuberosity 0.9806

Humerus Medial Epicondyle 0.4695

Ulna Olecranon 0.6837

Radius Radial Tuberosity 0.4175

Ilium Iliac Crest 0.4849

Femur Greater Trochanter 0.0847

Femur Lesser Trochanter 0.7708

Femur Linea Aspera 0.5223

Patella Anterior Patella 0.9169

Tibia Tibial Spines 0.2449

Tibia Soleal Line 0.4747

Calcaneus Superior 0.5792

Calcaneus Inferior 0.0701
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All degrees of DISH pooled males only: left elements correlated with right

elements

Bone Location r value

Scapula Acromion 0.2073

Scapula Infraglenoid Fossa 0.1833

H um erus Bicipital Groove 0.9428

Humerus Deltoid Tuberosity -0.0569

Humerus Medial Epicondyle 0.5996

Ulna Olecranon 0.6710

Radius Radial Tuberosity 0.4571

Ilium Iliac Crest 0.4693

Femur Greater Trochanter 0.0842

Femur Lesser Trochanter 0.8148

Femur Linea Aspera 0.6057

Patella Anterior Patella 0.7024

Tibia Tibial Spines 0.0094

Tibia Soleal Line 0.0744

Calcaneus Superior 0.3385

Calcaneus Inferior -0.0220
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AU degrees of DISH pooled females only: left elements correlated with

right elements

Bone Location r value

Scapula Acromion 0.6624

Scapula Infraglenoid Fossa 0.3290

Humerus Bicipital Groove 0.9276

Humerus Deltoid Tuberosity 0.9828

Humerus Medial Epicondyle 0.4291

Ulna Olecranon 0.9633

Radius Radial Tuberosity 0.1346

Ilium Iliac Crest 0.7694

Femur Greater Trochanter 0.2966

Femur Lesser Trochanter 0.1522

Femur Linea Aspera 0.1690

Patella Anterior Patella 0.9934

Tibia Tibial Spines 0.7302

Tibia Soleal Line 0.8137

Calcaneus Superior 0.6642

Calcaneus Inferior 0.6015
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Incipient/mild males and females: left elements correlated with right

elements

Bone Location r value

Scapula Acromion 0.1216

Scapula Infraglenoid Fossa 0.0881

Humerus Bicipital Groove 0.8295

Humerus Deltoid Tuberosity 0.8912

Humerus Medial Epicondyle 0.8601

Ulna Olecranon 0.7351

Radius Radial Tuberosity 0.5685

Ilium Iliac Crest 0.9530

Femur Greater Trochanter 0.0531

Femur Lesser Trochanter 0.0421

Femur Linea Aspera 0.2275

Patella Anterior Patella 0.9877

Tibia Tibial Spines 0.6120

Tibia Soleal Line 0.9811

Calcaneus Superior 0.3285

Calcaneus Inferior 0.5952
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Incipient/m ild males only: left elements correlated with right elements

Bone Location rvalue

Scapula Acromion 0.1624

Scapula Infraglenoid Fossa 0.0556

Hum erus Bicipital Groove 0.1902

Hum erus Deltoid Tuberosity 0.0000

Hum erus Medial Epicondyle 0.2087

Ulna Olecranon 0.5930

Radius Radial Tuberosity 0.6092

Ilium Iliac Crest 0.9662

Femur Greater Trochanter -0.0760

Femur Lesser Trochanter 0.0231

Femur Linea Aspera 0.9990

Patella Anterior Patella 0.7841

Tibia Tibial Spines 0.2108

Tibia Soleal Line 0.9984

Calcaneus Superior 0.3482

Calcaneus Inferior 0.1452
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Incipient/mild females only: left elements correlated with right elements

Bone Location r value

Scapula Acromion -0.0514

Scapula Infraglenoid Fossa -0.2823

Humerus Bicipital Groove 0.9999

Humerus Deltoid Tuberosity 1.0000

Humerus Medial Epicondyle 0.9753

Ulna Olecranon 0.9998

Radius Radial Tuberosity 0.3321

Ilium Iliac Crest 0.6162

Femur Greater Trochanter -0.1246

Femur Lesser Trochanter 0.7465

Fem ur Linea Aspera 0.2241

Patella Anterior Patella 0.9993

Tibia Tibial Spines 0.6452

Tibia Soleal Line 0.7810

Calcaneus Superior 0.0523

Calcaneus Inferior 0.5174
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Moderate/severe males and females: left elements correlated with right

elements

Bone Location r value

Scapula Acromion 0.7384

Scapula Infraglenoid Fossa 0.8805

Humerus Bicipital Groove 0.6936

Humerus Deltoid Tuberosity 0.9972

Humerus Medial Epicondyle 0.3908

Ulna Olecranon 0.7619

Radius Radial Tuberosity 0.3629

Ilium Iliac Crest 0.4824

Femur Greater Trochanter 0.0771

Femur Lesser Trochanter 0.8966

Femur Linea Aspera 0.5909

Patella Anterior Patella 0.8480

Tibia Tibial Spines 0.2253

Tibia Soleal Line 0.4347

Calcaneus Superior 0.8753

Calcaneus Inferior -0.0454
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Moderate /  severe males only: left elements correlated with right elements

Bone Location r value

Scapula Acromion 0.5196

Scapula Infraglenoid Fossa 0.1620

Humerus Bicipital Groove 0.9754

Humerus Deltoid Tuberosity -0.0966

Humerus Medial Epicondyle 0.6374

Ulna Olecranon 0.7780

Radius Radial Tuberosity 0.3889

Ilium Iliac Crest 0.4601

Femur Greater Trochanter 0.0536

Femur Lesser Trochanter 0.9564

Femur Linea Aspera 0.5737

Patella Anterior Patella 0.6875

Tibia Tibial Spines -0.0297

Tibia Soleal Line 0.2184

Calcaneus Superior 0.6703

Calcaneus Inferior -0.0687
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Moderate/severe females only: left elements correlated with right

elements

Bone Location r value

Scapula Acromion 0.7358

Scapula Infraglenoid Fossa 0.9933

Humerus Bicipital Groove 0.9997

Humerus Deltoid Tuberosity 1.0000

Humerus Medial Epicondyle 0.3085

Ulna Olecranon 0.9839

Radius Radial Tuberosity 0.0739

Ilium Iliac Crest 0.8550

Femur Greater Trochanter 0.9094

Femur Lesser Trochanter 0.1115

Femur Linea Aspera 0.8191

Patella Anterior Patella 0.9964

Tibia Tibial Spines 0.7740

Tibia Soleal Line 0.8756

Calcaneus Superior 0.8999

Calcaneus Inferior 0.4441
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