Bad to the Bone:
A study of class and diet in urban, post-medieval London
via statistical analysis of cribra orbitalia and scurvy.
Ian Noble
Introduction
A variety of skeletal pathologies indicative of dietary stress are evident across past and
present populations, recognised primarily through their subsequent and distinct osteological
markers. Difficulty interpreting these pathologies is compounded in archaeological contexts
by the lack of soft tissues to observe, and by the fact that skeletal manifestations of disease
require chronic, long-term affliction on the part of individuals suffering from them (Temple
and Goodman 2014, 186-191). Not to mention, the nature of many diseases is such that
their victims are often likely to die before any skeletal changes occur, especially in the eras
preceding modern medical advances such as antibiotic, antiparasitic, and symptommitigating medications, as well as an understanding of their microbiological origins and
histological presentations. One such time period is the Post-Medieval period, wherein
countries like England saw the Industrial Revolution introduce advanced agricultural and
industrial processes (Lewis 2002, 211; Mant and Roberts 2005, 190).
However, there may have been certain cultural practices that made their practitioners
equally or more susceptible to such diseases and deficiencies, or provided a buffer for those
with greater access to rare and expensive resources (Lewis 2002, 212). The purpose of this
essay is to analyse the effects of socioeconomic status on the diet and health of PostMedieval urban populations by comparing the prevalence of cribra orbitalia and scurvy in the
St. Benet Sherehog and St. Bride’s Lower cemeteries. This will entail an overview of the
pathologies and their aetiologies, as well as a brief review of prominent literature
surrounding the likely contributors, both cultural and physiological, and effects of the
diseases on their victims and those they might interact with. Furthermore, data from the
Wellcome Osteological Research Database will be analysed to determine whether and to
what extent any differences in the occurrence of Cribra Orbitalia and Scurvy might exist.
Background
The effects of socioeconomic status on health have been well documented in the literature,
showing increased susceptibility to chronic diseases for economically disadvantaged people,
especially those who experienced multiple stresses early in life (Fagundes et al. 2013, 8-12;
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Scott and Hoppa 2018, 699). However, the notion that poorer populations were more
susceptible to all pathological conditions is not entirely accurate. Mant and Roberts (2015,
188-207) showed that dental caries affected both rich and poor equally in Post-Medieval
London, differentiating only between urban and rural populations. They were joined by Lewis
(2002, 216-221) who noted that popular nursing substitutes are often the reason for poor
health in non-adults in Post-Medieval England. While individuals in the upper class may
have had more access to fruits and vegetables containing Vitamin-C, it is suggested that
popular nursing and weaning strategies, such as, likely subjected Post-Medieval infants to
increased susceptibility to these diseases (Lewis 2002, 216; Walker et al. 2009, 114). The
use of wet nursing and the use of unsanitary or nutrient-poor weaning methods would
exacerbate their nutrient deficiency, both by the lack of vital nutrients in their food, and
exposure them to unsanitary conditions, subsequently increasing their vulnerability to
diarrheal diseases (Lewis 2002, 216; Walker et al. 2009, 115).
Health itself is a complex, relative, subjective phenomenon not constrained to biological
effects; it is felt psychologically and socially (Temple and Goodman 2014, 186). Therefore,
care must be taken to include considerations of how one might feel the pathologies
investigated. To that point, the psychological effects associated with scurvy (Vitamin-C) and
iron-deficient anaemia are known to include lethargy, whereas Vitamin-B deficiency may
lead to a suite of psychological problems (Still 1935, 213; Walker et al. 2009, 120). The
psychological and soporific effects of these pathologies make them prime candidates for
consideration of overall health.
Cribra Orbitalia is commonly described as a thinning of the cortical bone of the orbital roof
and subsequent macroporotic lesions there (Brickley 2018, 897; Rivera and Lahr 2017, 76;
Wapler et al. 2004, 333). Of the several potential causes of cribra orbitalia, anaemia has
stood out as a likely principal source of the biological stresses required to produce such
lesions (Brickley 2018, 896-902; Rivera and Lahr 2017, 76-96; Walker et al. 2009, 109-125;
Wapler et al. 2004, 333-339). Specific emphasis has been placed on iron-deficient anaemia
being the most prevalent cause of cribra orbitalia archaeological contexts (Brickley 2018,
896-902; Rivera and Lahr 2017, 76-96; Walker 2009, 109-125). However, due to the
constraints iron deficiency places on the body’s ability to expand red marrow spaces to
produce red blood cells (RBCs), Walker et al. (2009, 109-125) suggest instead that
megaloblastic anaemia (deficiency in B-Vitamins) is much more likely to produce the
expansion of red marrow, which causes the orbital lesions characteristic of cribra orbitalia.
Regardless, of its convoluted aetiology it is clear from the literature that cribra orbitalia may
be considered a sign of biological stress related to diet (Brickley 2018, 896-902; Rivera and
Lahr 2017, 76-96; Walker et al. 2009, 109-125; Wapler et al. 2004, 333-339).
2

Scurvy has a long legacy of study in the medical and archaeological communities going back
to the 16th century (Still 1935, 211-218). While early literature focused on adult populations, it
is apparent that children are affected by the disease at disproportionate rates (Brickley and
Ives 2006, 163-172; Ortner and Ericksen 1997, 212-220; Still 1935, 211-218). Scurvy is
caused by a deficiency in Vitamin-C, impacting an individual’s ability to synthesize collagen
and to absorb ferrous iron, which would not only produce the lesions characteristic of scurvy,
but may exacerbate or induce a state of iron-deficient anaemia (Brickley and Ives 2006, 163172; Ortner and Ericksen 1997, 212-220; Still 1935, 211-218; Walker et al. 2009, 109-125).
The hinderance of collagen synthesis affects small capillaries and cartilaginous structures,
causing haemorrhaging and producing marked porosity in highly vascular areas, such as the
connective tissue by the orbital roof (Brickley and Ives 2006, 163-172; Ortner and Ericksen
1997, 212-220; Walker et al. 2009, 109-125).
Materials and Methods
The Post-Medieval cemetery populations from St. Bride’s Lower (SBL) and St. Benet
Sherehog (SBS) churches were analysed so that urban lower-class and middle/upper-class
populations, respectively, might be compared (Bekvalac and Cowal 2008, Kausmally 2008).
The skeletal data for these cemeteries, made available by the Wellcome Osteological
Research Database (Museum of London), concerning Cribra Orbitalia, Scurvy, and
demographic composition, were entered into Microsoft Excel 16.30 (2019). Irrelevant data
were excluded from the pathology tables, namely elements not involved in the presentation
of Cribra Orbitalia or Scurvy, and individuals in whom the conditions were absent or
unobservable. Individuals who displayed incomplete data for Cribra Orbitalia were retained
in the data set and considered as showing the presence of the condition only if the presence
of Cribra Orbitalia was confirmed on at least one side.
Demographics tables (Table 1 and Table 2) organized by biological age and biological sex
were made, and charts were produced from those data (Fig.1 and Fig.2). Those tables were
also expanded upon to include considerations of the prevalence and absence of Cribra
Orbitalia and Scurvy and the respective proportions of the sample comprised by each group.
However, in order to apply due scrutiny to the data, more than a simple comparison of
percentages was necessary.
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Table 2. (above) Biological Age demographics for St. Benet Sherehog (Upper-Middle Class) and St. Bride’s Lower (Lower Class) cemeteries. Note that
the differential size of the cemeteries makes direct comparison of demographic categories difficult, thus requiring more comprehensive comparative
methods.

Fig. 1. Relative percentages of Biological Age demographics for St. Benet Sherehog and St. Bride’s Lower cemeteries. While the charts displayed provide
context and some information about the longevity of individuals of different classes in Post-Medieval London, they alone are not enough to draw
4
conclusions about the overall health of those individuals. Statistical and clinical analysis of the prevalence of certain pathologies will aid in the critical
analysis of the health of our sample.

Fig. 2. Relative percentages of
Biological Sex demographics
for St. Benet Sherehog and St.
Bride’s Lower cemeteries.
Males comprise the majority of
the sample, as do Unsexed
Children. It is important to
keep in mind, however, that the
biological sex of non-adults is
rarely, if ever, determined. The
skeletal changes used in
biological sex determination
do not begin to take shape until
puberty.

To compare the significance of the presence of cribra orbitalia and scurvy in two populations,
null hypothesis (Ho) and active hypothesis (Ha) were written for scurvy, cribra orbitalia,
general affliction with either, and comorbidity of both, respectively, as follows:
Ho1: There is no difference between upper and lower-class
populations in the prevalence of scurvy.
Ha1: There is a difference between upper and lower-class populations
in the prevalence of scurvy.
Ho2: There is no difference between upper and lower-class
populations in the prevalence of cribra orbitalia.
Ha2: There is a difference between upper and lower-class populations
in the prevalence of cribra orbitalia.
Ho3: There is no difference between upper and lower-class
populations in the prevalence of individuals afflicted with either cribra orbitalia
or scurvy.
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Ha3: There is a difference between upper and lower-class populations
in the prevalence of individuals afflicted with either cribra orbitalia or scurvy.
Ho4: There is no difference between upper and lower-class
populations in the prevalence of comorbidity of scurvy and cribra orbitalia.
Observ Expect
Health Status ed
ed
O-E (O-E)2 (O-E)2/E
With Scurvy
(SBL)

12

11.93

0.07 0.0049 0.00038

With Scurvy
(SBS)

5

5.07

-0.07 0.0049 0.00089

Without Scurvy
(SBL)

532

532.07 -0.07 0.0049 0.00001

Without Scurvy
(SBS)

226

225.93 0.07 0.0049 0.00002

Total

775

775

0

X2

Table 3a. test comparing the prevalence of scurvy in each
cemetery, as per hypothesis set 1. Failure to reject the null
hypothesis (Ho) will be covered in the Results section.

0.0196 0.00129
Failed
Ho to
Results: Reject

Ha4: There is a difference between upper and lower-class populations
in the prevalence of comorbidity of scurvy and cribra orbitalia.
Health
Status
With CO
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With CO
(SBS)
Without CO
(SBL)
Without CO
(SBS)
Total
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0.5372
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26.83

33.988
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9
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475

33.988
480.83 -5.83
9
0.0706

210

33.988
5.83
9
0.1662

69

775

204.17
775

0

135.95
56
2.0393
Ho Failed to
Results: Reject

Table 3b. X2 test comparing the prevalence of cribra
orbitalia (CO) in each cemetery, as per hypothesis set 2.
Failure to reject the null hypothesis will be covered in the
Results section.

Since nominal scale data (presence/absence of each condition) was being compared between
populations, a Chi Square (X2) Test was used as per Vanpool and Leonard (2011), who
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informed the entire statistical analysis process. The data were entered into tables which
include the X2 tests themselves and the mathematical work applied to observed and expected
frequencies of each pathological consideration to arrive at X2 values for each hypothesis set
(Table 3a, Table 3b, Table 3c, and Table 3d).
Health
Status

Obser
ved

Expe
cted

2

(OE)2/E

O-E

(O-E)

0.4624

Afflicted
(SBL)

81

75.11

5.89

34.692
1

Afflicted
(SBS)

26

31.89

5.89

34.692
1

1.0888

Not Afflicted
(SBL)

463

468.8
9

5.89

34.692
1

0.0741

Not Afflicted
(SBS)

205

199.1
1

5.89

34.692
1

0.1744

Total
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775

0

138.76
84

1.7997
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Table 3c. X2 test concerning the presence of either cribra
orbitalia, or scurvy, related to hypothesis set 3. Failure to
reject the null hypothesis will be discussed in the Results
section.

Obser Expect
Health Status ved
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O-E
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Comorbid
(SBL)

9

6.32

2.68 7.1824 1.1391

Comorbid
(SBS)

0

2.68

-2.68 7.1824 2.6826

Not Comorbid
(SBL)

535

537.68 -2.68 7.1824 0.0134

Not Comorbid
(SBS)

231

228.32 2.68 7.1824 0.0315

Total

775

775

0

28.7296 3.8666

Table 3d. X2 test comparing the prevalence of the comorbidity of
both cribra orbitalia and scurvy in each cemetery, as per Ho
hypothesis set 3. This was the only consideration framework
wherein the null hypothesis was rejected, indicating a significant
difference within the data. The nature of such significance is still
unknown at this stage, requiring a X2 Residual and Adjusted
Residual test to confirm and locate.

Rejec
Results: ted
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Results
The sums of the X2 values were compared to the critical value for X² matrices with a degree
of freedom of 1 and an alpha value of 0.05 (𝛼=.05), which is 3.84 (Vanpool and Leonard
2011, p.242). This resulted in the failure to reject Ho1, Ho2, and Ho3, and the successful
rejection of Ho4. Groups that failed to reject their Ho were excluded from further analysis,
since such failure meant that there was no significant difference between the populations’
observed and expected values, thus indicating that there was no difference between the
prevalence of the respective corresponding conditions. A table was made for the calculation
of the X2 residual and adjusted X2 residual values for the comorbidity X2 group (Table 3a).
Residual and adjusted residual values could not be calculated for SBS’s comorbid category,
since there were no observed cases in this population, and it is impossible to divide by zero.
However, values were calculated for the other three categories and compared to the residual
critical value for 𝛼=.05 as provided by Vanpool and Leonard (2011, 246), which is +/-1.96. X2
residual values all fell within the “Expected” range, but as stated by Vanpool and Leonard
(2011, 246), the X2 residual “tends to underestimate the significance of differences for small
samples,” which this (N=9) undoubtedly is. Therefore, adjusted X2 residuals (Table 4) were
calculated to determine significance of differences between observed and expected
frequencies for individuals with both cribra orbitalia and scurvy. The adjusted X 2 residual
value for “Not Comorbid (SBL)” was the only statistically significant value (d = -1.9694),
indicating that the number of people who did not show comorbidity of both cribra orbitalia
and scurvy was lower than expected by a statistically significant margin.
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Health
Status

Χ²
Adjusted Χ²
Residual
Residual
Observ Expect
(e) (O- e/√(1-[CT/GT])(1- Significant/ Not
ed
ed
O-E
E)/√E
[RT/GT])
Significant

Comorbid
(SBL)

9

6.32

2.68

0.8933

1.6459

Comorbid
(SBS)

0

2.68

-2.68

N/A

N/A

Not
Comorbid
(SBL)

535

537.68 -2.68

-0.1159

-1.9694

Significant

Not
Comorbid
(SBS)

231

228.32 2.68

0.1763

1.9530

Not significant

Not significant
N/A

Table 4. X2 Residual and Adjusted X2 Residual tests to determine which sample displays a statistically significant difference between the
observed and expected values. It was shown that the “Not Comorbid” group’s observed value was significantly lower than the expected value.

Discussion
The results of the statistical analysis show that it may be possible that lower socioeconomic
status puts one at greater risk of multiple dietary deficiencies, thus increasing the risk of
infection later in life as per Scott and Hoppa (2018, 699). However, to draw such a
conclusion definitively based on such a small sample would be ill-advised. It was shown that
there is no difference between lower-class and upper middle-class urban populations in
Post-Medieval London regarding the prevalence of cribra orbitalia and scurvy. As it was aptly
suggested by Mant and Roberts (2015, 202) and by Lewis (2002, 222), in spite of their
relative wealth, upper class individuals would be subject to the same overcrowding, poor
sanitation, and early life dietary nutritional inadequacy as the lower class. Another possibility
is that cribra orbitalia and scurvy lesions were the result of different factors culminating in the
same skeletal effect. The statistical results are congruous with the literature stating that the
industrialization and differences between an urban and rural environment are a greater
influence on peoples’ well-being than socioeconomic status itself (Lewis 2002, 222; Mant
and Roberts 2015, 202).
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The fact that scurvy and cribra orbitalia are observed in skeletal material points to the idea
that there were likely a greater number of people suffering from these conditions to a lesser
degree. This is important because the deficiencies associated with cribra orbitalia and scurvy
are known to impact one’s physiological as well as psychological well-being (Walker et al.
2009, 109-125). The psychological impact of these diseases may have had a radiating
effect, since it likely would have affected the people around those with the diseases. With
over 13% of the population suffering from either one or the other, the proportion of people
who knew or took care of someone with scurvy, cribra orbitalia, or both was likely significant.
Furthermore, if Walker et al. (2009, 120) are correct, and megaloblastic anaemia is the prime
culprit of orbital lesions diagnosed as cribra orbitalia, the effect on caretakers and community
members may have been even more dire, due to the paranoia, depression, and dementia
(among others) that are associated with B-Vitamin deficiency.
Individuals may present different skeletal indicators for the same condition, and conversely,
present the same indicators due to different conditions. In this case, the author proposes that
such skeletal indicators point to the idea that individuals suffering such skeletal changes
likely suffered dietary stress or were in more advanced stages of disease than those without.
Such skeletal lesions, however, indicate that those afflicted would have had to survive long
enough for them to appear. This is not to say that the absence of lesions indicates a
“healthy” individual. Health is a multifactorial phenomenon and relies on homeostasis of
physiological, psychological, cultural, and societal stimuli (Temple and Goodman 2014, 186191). However, these conditions are known to have an impact on one’s energy and
psychological well-being; the presence of skeletal lesions suggests that these pathologies
persisted for long enough to affect the psychological status of those exhibiting them.
Conclusion
Despite finding little statistical significance in the data chosen, this essay shows that there
was little difference in the nutritional hardships faced by individuals in Post-Medieval urban
areas. The author, therefore, provides the answer to the question in saying that
socioeconomic status likely played a nominal role in the dietary health of Post-Medieval
populations on its own. However, the facts that these diseases affected over 10% of the
population, and likely impacted the people around those suffering shows that the
psychosocial conditions of urban areas in this period were likely as poor as the sanitation.
Further research should include a wider array of cemeteries to expand the sample of
individuals who display comorbid pathologies and to compare rural environments to urban as
well, since the urban wealthy likely had greater access to the countryside than the poor.
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Considerations of age of death, morbidity rates, and other pathologies would contribute to
creating a more complete perspective on overall health of subject populations.
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