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Today, periodontal disease is a major health issue 
worldwide, with the World Health Organisation 
(WHO) reporting it as the eleventh most prevalent 
disease in the world (Global Burden of Disease, 
2017). Periodontal disease is the inflammation of 
the gingival (gum) tissues leading to destruction of 
the supporting soft and hard tissues of the teeth. It 
is one of the foremost causes of tooth loss and 
without access to dentures or dental implants 
edentulism can become a huge problem (Petersen 
et al., 2005). Recent investigations show that both 
gingivitis (the inflammation of the gums) and peri-
odontal disease (Global Burden of Disease, 2017) 
are highly prevalent. In nearly every region of the 
globe, the Community Periodontal Index (CPI), 
aimed at monitoring periodontal health, shows 
that 40-60% of 35-44 year olds have small or large 
periodontal pockets (CPI scores 3 or 4), due to in-
flammation, loss of attachment of the gingivae and 
possible bone loss. This is accompanied by a 35-
60% gingivitis prevalence (CPI scores 1 and 2; 
[Global Burden of Disease, 2017, p. 2189]). Gingivi-
tis is also found to be highly prevalent in adoles-
cents between the ages of 15-19 (Global Burden of 
Disease, 2017; Petersen et al., 2005). Periodontal 
disease, its distribution and effects on systemic - as 
well as oral - health, are a current and global con-
cern (Barnett, 2006; Bawadi et al., 2011; Geethika & 
Chava, 2016; Hajishengallis & Korostoff, 2017; Hu-

joel & Lingström, 2017; P. Petersen & Ogawa, 
2012).  Bioarchaeological methods can be used to 
explore the prevalence of this disease in past popu-
lations and, as shown here, provide new data on 
Nile Valley archaeological collections against 
which modern prevalence and distribution rates 
can be compared. This new study investigates if 
the Kerr method (Kerr, 1988), which has seldom 
been applied to archaeological assemblages, is an 
appropriate method to record periodontal status. It 
also assesses differences in the prevalence of perio-
dontal diseases between the Neolithic and Medie-
val periods in the Middle Nile, if these results vary 
by sex and age and how this study compares to 
published data from other archaeological assem-
blages and modern populations. Few large-scale 
bioarchaeological studies of periodontal disease in 
the Nile valley have been published and this study 
adds to our understanding of its past prevalence in 
a manner that accounts for the variable preserva-
tion of archaeological collections, allowing compar-
isons with modern clinical data. 
 

ABSTRACT  As one of today’s major oral health issues, periodontal disease affects populations world-
wide. Here, methods used to record its past prevalence are reviewed, indicating that clinical and bioar-
chaeological research offers strong support for the Kerr method, recording morphological changes of 
the interdental septum as a means of identifying periodontal disease. Using Kerr’s approach, four as-
semblages from Sudan dating from the Neolithic, Kerma, and Medieval periods are examined to track 
the prevalence of the disease through time. Results show a significantly lower prevalence and limited 
oral distribution of periodontal disease in the Neolithic period. At Medieval period sites, significantly 
higher prevalence is seen with increasing age in male individuals, which is not seen in females. With no 
patient history and the cumulative effects of a dynamic and episodic disease, the effects of periodontal 
disease on the concept of ‘oral health’ may be hard to apply in archaeological remains. At best it pro-
vides an insight into the periodontal status at death - a ‘snapshot’ that reveals differences across the 
mouth, over time and between sexes in these Middle Nile Valley collections, giving insight into perio-
dontal status in this region and advancing current understanding of the history of periodontal disease. 

 
*Correspondence to:   
Rebecca Whiting 
University of College London 
The British Museum 
rwhiting@britishmuseum.org  

Keywords: Periodontal disease, Kerr method, interdental septum, Sudan, bioarchaeology  



31      

 

Dental Anthropology  2019 │ Volume 32 │ Issue 02 

Materials 
The Nile Valley offers some of the largest pre-modern 
cemetery collections found in Africa (Friedman, 2007; 
Irish, 2010; Salvatori & Usai, 2008b). Large skeletal assem-
blages from a range of time periods were recently recov-
ered in Sudan (Welsby, 2003), several of which were gen-
erously donated by Sudan’s National Corporation for An-
tiquities and Museums and are currently curated at The 
British Museum. These include two large Medieval burial 
sites from the Fourth Cataract region of the Middle Nile 
Valley (Figures 1 and 2) dating to the Medieval (c. AD 550
-1500 – site 3-J-23) and the Late Medieval (c. AD 1100-1500 
– site 3-J-18) periods. Preservation is excellent at both 
sites, including some remarkable examples of natural 
mummification, providing insights into the state of perio-
dontal disease in pre-industrial Northeastern Africa. The 
older sites of H29 (Kerma Ancien - 2050-1750 BC) and R12 
(Neolithic - 3500 BC) were also included to explore the 

progression of the disease over time and contextualise the 
data gathered within the wider temporal framework. De-
spite poorer preservation at the earlier sites, a reasonably 
high number of individuals were analysed for evidence of 
periodontal disease (Table 1). Table 2 shows the number 
of individuals included in the study by sex and age 
group. Both Medieval sites had proportionately different 
numbers of males and females in each age category. At 3-J
-23 a greater number of females were assigned to the 
young adult category (n=22). At 3-J-18 a greater propor-
tion of males were assigned to the middle adult category 
(n=31). Sites H29 and R12 had roughly equal numbers in 
each sex and age group. Where results have been divided 
by age and sex it should be noted that adolescents have 
been grouped into the young adult category while old 
adults have been grouped with middle adults. Sex estima-
tions of probable female and female have been grouped 
together, as have probable male and male individuals. 
These grouping meant that the numbers involved were 
larger and more representative of the whole. 

Figure 1: Map of the Nile Valley, from the First Cata-
ract to south of the confluence of the White and Blue 
Niles, demonstrating the location of sites H29 and 
R12. The region of the 4th Cataract, including sites 3-J-
18 and 3-J-23, is also highlighted within the box and 
is shown in greater detail in Figure 2.  

Figure 2: Map of the Fourth Cataract region, with the 
location of sites 3-J-18 and 3-J-23 shown. Original 
image copyright of A. Davies-Barrett.  

Sites n Time period 

3-J-18 111 Late Medieval (AD1100-1500) 

3-J-23 69 Early Medieval (AD500-1000) 

H29 62 Kerma Ancien 

R12 70 Neolithic 

Total 312   

Table 1. Sites included in the current study, number of 
individuals and time period for each site are given 
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     These skeletal collections provide a unique oppor-
tunity to investigate periodontal disease in groups 
from a range of environmental, social, and cultural 
backgrounds. The Neolithic period in Nubia was char-
acterised by semi-nomadic pastoralism combined with 
hunting and gathering (Bard, 2008; Gautier & Van 
Neer, 2011; Hassan, 1986; L. Krzyżaniak, 2004; Wen-
grow et al., 2014). Increasing social complexity may 
have led to a range in craftsmanship, much of which 
could have involved the use of the mouth and dentition 
(Haaland, 1987; A. Krzyżaniak, 2011; Salvatori & Usai, 
2008a). During the Kerma period, small sedentary 
groups appear to have formed and there is evidence for 
urbanisation and socioeconomic centralisation at the 
town of Kerma (Bonnet, 2004, 2010; Chaix & Grant, 
1992).  Pastoralism remained an important part of cul-
tural practice and was also accompanied by an increase 
in the cultivation of crops (Chaix, 1984, 2007; Grant, 
2002; D. Welsby, 1996). During the Medieval period 
settlements consisted of larger rural and urban groups, 
with centralised socioeconomic control, in particular as 
part of the Kingdom of Makuria in Upper Nubia 
(Godlewski, 2010; D. Welsby, 2002; D. Welsby & Dan-
iels, 1991).  
     There is also a pattern of increasing aridity across 
the Saharan region from the Middle Holocene (5000 
BC) onwards (Kuper & Kröpelin, 2006; Kuper et al.,  
2007; Macklin & Woodward, 2001; Welsby, Macklin, & 

Woodward, 2002). Before and during the Neolithic, 
shifting rain-belts and higher humidity meant that Up-
per Nubia was a savannah-like environment and 
swamps and marshes may have been present, particu-
larly in the areas surrounding the river, with pale-
ochannels running into and around the main tributary 
of the Nile.  This wetter environment underwent pro-
gressive desertification and, by around 1500 BC, was 
similar to the desert landscape of modern northern Su-
dan (Kuper & Kröpelin, 2006, p. 806). The sites exam-
ined here represent a range of ecological niches. 3-J-18 
was located on Mis Island, within the rocky and 
changeable land of the Fourth Cataract, and nearby 3-J-
23 was situated on the banks of the Nile (Thomas, 2008; 
Welsby, 2003, 2012). Both H29 and R12 were in the 
Northern Dongola Reach, further downstream than the 
Fourth Cataract, after the Nile turns north towards the 
Third Cataract. Site H29 was between the Alfreda and 
Hawawiya Niles (paleochannels) (Welsby, 2001; Whit-
ing, 2018) and R12 at the southern end of the Seleim 
basin – a natural basin where water collected during 
high flood and rain fall (Salvatori & Usai, 2008b). Dif-
fering environmental pressures and socio-cultural prac-
tices may have influenced the disease status, immune 
responses, behaviour, and diet of the individuals living 
in these different areas of the Middle Nile, which may 
have led to differences in the prevalence rate of perio-
dontal disease. These collections allow for valuable 

  
Site 

  Adolescent 
Young 
Adult 

Middle 
Adult 

Old 
Adult 

Unknown Age Total 

R
1

2
 

Male - 4 6 - 12 22 

Female 1 4 3 - 3 11 

Indt. sex - 2 2 - 33 37 

Total 
1 

(1.4%) 
10 

(14.3%) 
11 

(15.7%) 
- 

(0.0%) 
48 

(68.6%) 
  

70 

H
29

 

Male - 8 9 - 2 19 

Female - 10 6 - 12 28 

Indt. sex 2 2 1 - 10 15 

Total 
2 

(3.2%) 
20 

(32.2%) 
16 

(25.8%) 
- 

(0.0%) 
26 

(38.8%) 
  

62 

3
-J-23

 

Male 1 10 13 - 1 25 

Female 2 20 10 - 1 33 

Indt. sex 2 3 3 - 3 11 

Total 
5 

(7.2%) 
33 

(47.8%) 
26 

(37.8) 
- 

(0.0%) 
5 

(7.2%) 
  

69 

3
-J-18

 

Male - 15 30 1 1 47 

Female 6 23 21 2 3 55 

Indt. sex 1 5 1 - 2 9 

Total 
7 

(6.4%) 
43 

(38.7%) 
52 

(46.8%) 
3 

(2.7%) 
6 

(5.4%) 
  

111 

Table 2. Age and sex distributions for each site 
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comparisons at key points in time that may reveal 
shifts in ‘oral health’ and disease load. Results will 
also be compared with similar studies from around 
the globe, further aiding our modern understanding 
of the social, environmental and biological factors 
that affect susceptibility to periodontal disease and 
changes to the state of oral health over time.  
 
Clinical and anthropological background 
Periodontal disease is the result of the body’s im-
mune response to the long-term presence of large 
numbers of microorganisms in dental plaque depos-
its on the teeth. It is a hypersensitive reaction in 
which the immune response damages the tissues of 
the periodontium. In their seminal paper, Page and 
Schroeder (1976) described the four stages of perio-
dontal disease as they were understood at the time, 
the main notions of which are still relevant to this 
day: 

The initial lesion is described as inflammation 
and vascularisation involving infiltration of 
neutrophils (elements of the immune system) 
through the gingival tissue to the junctional 
epithelial cells lining the periodontal pocket 
(the periodontal pocket is formed around the 
tooth as the supporting tissues are de-
stroyed). This is accompanied by movement 
of other immune elements such as T-cells, 
into the area but few B-cells.  
The early lesion sees a change to macrophage 
and T-cell domination with lymphocyte pro-
liferation and the beginnings of a loss of con-
nective tissue, such as the periodontal liga-
ment.  
The established lesion involves further collagen 
(connective) degradation, detachment of the 
periodontal ligament and a clear increase in B
-cell involvement.  
The advanced lesion is associated with alveolar 
bone loss and a further increase in B-cell pro-
liferation.  

The authors also noted that the apical extension of 
junctional epithelial cells leads to an extension/
expansion of the periodontal pocket, and that a sus-
ceptible host was necessary for the progression of 
the disease at all stages. As observed by Hajishen-
gallis and Korostoff (2017), these concepts are still 
correct and relevant today. Advances since Page and 
Schroeder’s original paper include an increased un-
derstanding of the interaction of the innate and ac-
quired immune system, as well as a greater appreci-
ation of the role and “functional plasticity” - or 
changeability of the role - of neutrophils in the initia-
tion of the immune response and progression to per-

iodontitis (Hajishengallis & Korostoff, 2017, p. 119). 
This latter point highlights the importance of neutro-
phil homeostasis, with the related immunodeficien-
cy or the overstimulation of these cells leading to 
destructive periodontitis (Cekici et al., 2014; Korn-
man, Page, & Tonetti, 1997). Since Page and 
Schroeder’s work, a clearer understanding of the 
interactions and synergism of episodes of immune 
response and bone formation and resorption has 
also been made – a field known as osteoimmunolo-
gy. This has shown that T-cells and B-cells express 
RANKL (signalling protein) that contribute to the 
process of osteoclastogenesis, tipping the balance of 
bone homeostasis towards resorption (Kikuta et al., 
2013). Many advancements in the understanding of 
this disease process were set out in a series of papers 
penned in part by one half  (Page) of the original 
duo of Page and Schroeder (Darveau, Tanner, & 
Page, 1997; Dennison & Dyke, 1997; Kornman et al., 
1997). These subsequent papers highlight the dy-
namic nature of the disease as it goes through peri-
ods of progression and healing, with destructive 
lesions developing early on in life in some cases, or 
much later in others, and the role of host susceptibil-
ity in its progression.  
     Clinical methods used to record and monitor per-
iodontal disease and gingivitis have changed little 
over the past decades. The study by Belting, Massler, 
and Schour (1953), of over 5000 men from Chicago, 
measured the distance between the cemento-enamel 
junction (CEJ) and the alveolar crest (AC) using a 
dental probe to determine the point of alveolar at-
tachment within the periodontal pocket. A measure-
ment of >2mm was deemed to indicate bone loss 
resulting from periodontal disease. Additionally, 
gingival inflammation was recorded as bleeding/
presence of pus in the periodontal pocket.  The 
World Health-Organization (2013) published a simi-
lar method to establish periodontal health that utilis-
es the same kind of dental probe. Gingival bleeding 
was scored as 0 (none) or 1 (bleeding upon insertion 
of probe), while periodontal pocket depth was as-
sessed in increments: 0 (absence <3.5mm), 1 (4-5mm 
depth), 2 (≥6mm depth) (World-Health-
Organization, 2013, pp. 48-50). This clinical ap-
proach is commonly used to diagnose periodontal 
disease in both humans and animals (Björnsson et 
al., 2003; Person, 1961; Tilakaratne et al., 2000; von 
Wowern, Klausen, & Kollerup, 1994; Watson, 1994). 
Radiography has also been used to determine alveo-
lar resorption. Papapanou, Wennström, and Grön-
dahl (1988) looked for both ‘horizontal’ and ‘vertical’ 
bone loss. Horizontal bone loss refers to the loss of 
height in the alveolar crest while maintaining a nor-
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mal periodontal ligament space between root and 
socket. Vertical bone loss denotes a morphological 
change in the vertical edges of the alveolar crest 
where the ligament space is expanded through verti-
cal bone resorption (Papapanou & Wennström, 1991; 
Papapanou et al., 1988; Persson, Rollender, Laurell, 
& Persson, 1998). In Papapanou et al. (1988), the hor-
izontal bone loss was recorded through the AC/CEJ 
measurement (after Bjorn, Hailing, and Thyberg 
1969). Vertical bone loss was recorded as any mor-
phological change seen as an oblique radiolucency 
≥2mm apically from the highest point of the AC, 
with signs of bone resorption. Similar techniques are 
still used in radiography to determine horizontal 
(Bahrami, Vaeth, Wenzel, & Isidor, 2017) and vertical 
bone loss (Rams, Listgarten, & Slots, 2018).  
     These clinical methods, including the concept of 
horizontal and vertical bone loss, have been adapted 
in human bioarchaeology when only the bones of the 
jaws and the teeth survive (Davies & Picton, 1969; 
Davies, Picton, & Alexander, 1969). In particular, the 
measurement between the CEJ and AC (after Russell 
1956) proposed that AC levels of more or less than 
half the length of the root may indicate horizontal 
bone loss at different stages. The results are often 
averaged across the mouth to obtain a Tooth Cervi-
cal Height Index (TCH index).  Initially, Davies et al. 
(1969) compared TCH index results to visual exami-
nation in the same individuals, concluding that a 
measurement >2.5mm suggests alveolar bone loss 
consistent with periodontal disease. This compares 
well with modern radiographic standards of >3mm 
(Bahrami et al., 2017) or >1.9mm (Hausmann, Allen, 
& Clerehugh, 1991; Persson et al., 1998), but less than 
manual examination suggested in the WHO stand-
ard of >3.5mm (World-Health-Organization, 2013). 
The measurement of horizontal bone loss (AC/CEJ 
distance) has been taken up by many anthropolo-
gists and archaeologists (for example, Alexandersen, 
1967; Eshed, Gopher, & Hershkovitz, 2006; Lavigne 
& Molto, 1995; Lukacs, 1989; Masotti et al., 2013; 
Meller et al., 2009). However, this empirical method 
of measurement, which appears to be an objective, 
repeatable, and straightforward approach, bears a 
fundamental problem when applied to skeletal re-
mains. As demonstrated by Levers and Darling 
(1983), Murphy (1959), and Newman and Levers 
(1979), extensive occlusal wear can lead to the con-
tinuous eruption of a tooth to maintain an occlusal 
plane, extending CEJ/AC distance independently of 
alveolar resorption and periodontal disease. Davies 
and Picton (1969), two of the first to apply this meth-
od to archaeological remains, noted the impact of 
attrition on AC/CEJ distance; as attrition increased, 
so did the measurement. In a second paper, Davies 
and Picton (1969b) discuss the link between AC/CEJ 
distance and dental wear, while rarely referring to 

pathological change related to periodontal disease. 
Watson (1986) also demonstrated a clear correlation 
between increasing AC/CEJ distance and dental 
wear in Anglo Saxon to Tudor individuals. Howev-
er, each of these papers referred to this process as 
‘alveolar recession’ rather than the extension of the 
AC/CEJ distance (due to continuous eruption). It 
may be the misunderstanding of this term that has 
led to the persistent of the use of the AC/CEJ meas-
urement to record alveolar resorption connected to 
periodontal disease in skeletal remains. In archaeo-
logical collections – where dental wear is ubiquitous 
– measurement between the AC and CEJ is unrelia-
ble and unsuitable. Lavigne and Molto (1995, p. 269), 
cited by many as a basis for the technique, quite 
clearly stated that “the relationship of dental wear 
and over-eruption is not considered in the develop-
ment of this system”. For example, Eshed et al. 
(2006) noted a higher prevalence of horizontal bone 
loss in Natufian remains, interpreted as indicative of 
a higher prevalence of periodontal disease. Howev-
er, high levels of dental wear were also recorded in 
this group, which is likely to have impacted the re-
sults and interpretations of the periodontal disease 
prevalence. It is unfortunate that, without the pres-
ence of soft tissue, this straightforward method, so 
useful in modern clinical research, cannot be applied 
to archaeological material due to the impact of den-
tal wear. This is particularly true of ancient popula-
tions, where dental wear was almost ubiquitous.  
     Although tried and tested, measuring horizontal 
bone loss is not an appropriate approach in archaeo-
logical populations with high dental wear. However, 
observation of vertical bone loss has also been uti-
lised in archaeology.  This approach assesses mor-
phological changes and the vertical loss of bone 
around the tooth root(s), thus recording changes in 
the contour (rather than height) of the interdental 
alveolar crest. Such changes are often recorded in 
clinical research (Hausmann et al., 1991; Papapanou 
et al., 1988; Persson et al., 1998; Rams et al., 2018), 
with perhaps the clearest definition made by Papa-
panou et al. (1988): any morphological change seen 
as an oblique radiolucency in a radiograph, extend-
ing apically beside the tooth root, from the highest 
point of the AC, with signs of bone resorption. In 
archaeology, the most commonly used method for 
recording vertical bone loss was developed by Kerr 
(1988). Kerr recognised the fundamental problem of 
using the AC/CEJ distance in archaeological materi-
al, stating that such measurements “do not ade-
quately observe the disease entity they purport 
to” (Kerr, 1986, p. 191). Kerr followed on from work 
started by Costa (1982), recording altered bone archi-
tecture, looking at infra-bony pockets and porosity 
(termed osteoporosis by Costa). Costa, however, had 
not accounted for the episodic nature of the disease, 
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instead implying that it was progressive. In 1988, 
Kerr examined the Aberdeen Carmelite archaeologi-
cal remains, drawing close parallels to histological 
changes seen in modern clinical sections of alveolar 
bone with periodontal disease at various stages. 
From this work, Kerr created the following interden-
tal septum/alveolar crest) scores (adapted from Kerr 
1988): 
0. Unrecordable. Tooth on either side of the septum 

lost ante-mortem or the septum damaged post-
mortem 

1. Septal form characteristic of its region (convex in 
incisor region, grading to flat in the molar re-
gion). The cortical surface is smooth and virtual-
ly uninterrupted by foramina, depressions or 
grooves. 

2. Septal form characteristic of the region. Cortical sur-
face showing a range of morphology, from many 
small foramina/shallow grooves to a cortical 
surface showing larger foramina and/or promi-
nent grooves or ridges. 

3. Septal form showing breakdown of contour with bone 
loss in the form of a shallow depression extend-
ing across the interspace from the buccal to lin-
gual aspect, or as one or more smaller discrete 
areas of bone destruction, the essential and dis-
tinguishing features being a sharp and ragged 
texture to the bone.  

4. Septal form showing breakdown of contour with bone 
loss similar to that seen in score 3, the essential 
difference being the bone surface. Instead of be-
ing ragged in appearance, the bone has a porous 
or smooth honeycomb effect with all defects 
rounded. 

5. Presence of deep infra-bony defect with sides slop-
ing at 45 degrees or more and with a depth of 
3mm or more. The surface may be sharp and 
ragged or smooth and honeycombed. 

     Clinical measurements tend to focus on the perio-
dontal pocket depth (Gingival margin/AC) and at-
tachment loss (CEJ/AC). In archaeological material, 
the absence of soft tissue (or, if present, highly al-
tered) prevents an assessment of the pocket depth. In 
Kerr’s system – although not a measurement – at-
tachment loss is indicated in scores 3 to 5, where the 
original architectural contour of the bone has been 
lost. Whether seen as a shallow change (score 3), a 
deep pocket (score 5), or a quiescent (healing) phase 
(score 4), this would ‘clinically’ be recorded as an 
attachment loss and measured by probing. There-
fore, it may be possible to compare the prevalence of 
Kerr scores 3 to 5 with that of attachment loss – inde-
pendent of the extent – recorded in modern clinical 
data. Comparing Kerr scores 3 to 5 with radiograph-
ic data poses a greater problem. Many papers men-
tion the limitations of visually examining radio-

graphs as they may only show demineralisation in 
bone once it has reached 30-50% or more (Page & 
Eke, 2007; Research-Science-Therapy-Committee, 
2003). Thus, subtle changes (i.e. Kerr Scores 2 or 3) 
may, perhaps, not easily be detected in radiographs; 
particularly the slight changes in vascularity pro-
posed with gingivitis (see below). However, the re-
cent use of subtraction imaging might compare well 
with Kerr’s earlier stages, with demineralisations as 
low as 5% being detected (Gröndahl & Gröndahl, 
1983). However, subtraction imaging techniques fo-
cus on treatment rather than diagnosis (Corbet, Ho, 
& Lai, 2009; Page & Eke, 2007; Research-Science-
Therapy-Committee, 2003) and do not include scores 
or stage-like evaluations, making like-for-like com-
parisons difficult. The higher Kerr scores, such as 4 
or 5, indicate clearer vertical bone loss. Score 4 - the 
‘quiescent’ phase - is likely to correspond to the peri-
ods of healing or reduced inflammation seen by 
Page and Schroeder (1976), reflecting the dynamic 
nature of periodontal disease. Radiographs pub-
lished by Fish (1948, pp. 388, Figure 175), for exam-
ple, show a case of Kerr scores 4 or 5 (dependent on 
depth - no scale given) with a deep angular defect 
with smooth edges visible on the radiograph.  
     Perhaps most controversially, Kerr (1988) argues 
that gingivitis may be recognised in the alveolar 
bone (Score 2). Prior to Kerr’s work, and since its 
publication, researchers have suggested that the ini-
tial inflammation only effects the soft tissues and 
cannot be detected in archaeological material as it 
involves no loss of attachment (Page & Schroeder, 
1976; Schwartz et al., 1997). However, Kerr suggests 
that the porosity frequently seen in the alveolar crest 
(Costa, 1982; Kerr, 1986, 1988) reflects the increased 
vascularisation associated with gingival inflamma-
tion in gingivitis (Hajishengallis & Korostoff, 2017; 
Page & Schroeder, 1976). In chronic gingivitis, neu-
trophils have the ability to influence the bone re-
modelling process (Page & Schroeder, 1976; 
Schwartz et al., 1997); however, Schwartz et al. 
(1997) note that ultrastructural changes in bone do 
not occur in gingivitis - only as it progresses to peri-
odontal disease. This is not supported by earlier re-
search from Kennedy (1974), Hausmann, Ortman, 
and Sedransk (1979), and Heijl, Rifkin, and Zander 
(1976); and, the paper by Schwartz et al. (1997) may 
actually be referring to the structural resorption of 
bone and the loss of attachment, rather than remod-
elling to account for increased vascularity as Kerr 
has suggested. Indeed, Kennedy (1974) found that 
with gingivitis there was a significant increase in 
vascularity after only 2 weeks, including an in-
creased number of vessels perforating the alveolar 
crest. Hausmann et al. (1979) supports this finding, 
revealing a decrease in alveolar bone mass using 125I 
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absorptiometry in cases of gingivitis in monkeys. 
Heijl et al. (1976) and Kennedy and Polson (1973)also 
found increases in osteoclast activity and bone loss 
and remodelling in cases of induced gingivitis. 
While these studies support Kerr’s idea, further clini-
cal and radiological work may be required to clarify 
the impact of gingivitis on the alveolar crest.  The 
subtle loss of bone density associated with the re-
modelling of the alveolar crest, when there is no at-
tachment loss, is unlikely to be seen radiographically 
without the aid of subtraction imaging. Yet some 
histological studies support Kerr’s findings. Fish 
(1948), in a comprehensive study of the surgical pa-
thology of the mouth, showed that osteoclast activity 
had resorbed bone prior to any loss of attachment 
(Fish, 1948, pp. 317,331). Kronfeld (1933) also found 
that inflammation of the gingival tissue, with little to 
no attachment loss, was accompanied by some re-
sorption of alveolar bone (Kronfeld, 1933, pp. 309, 
Figure 249). Kerr’s (1988) method allows the record-
ing of vertical bone loss in archaeological material. 
Though subjective, it is clearly defined and parallels 
clinical, radiographic, and histological understand-
ing of both gingivitis and periodontal disease. It was 
developed to allow for detailed and meaningful 
comparisons between past and present prevalence of 
periodontal disease (Kerr, 1986), and thus was em-
ployed as the most appropriate method for record-
ing periodontal disease in the current study. 
 
Methods 
Age and sex have been shown to affect the preva-
lence of periodontal disease and gingivitis (Amar & 
Chung, 1994; Kinane, Podmore, & Ebersole, 2001; 
Löe, 1965; Page & Schroeder, 1976; Shiau & Reyn-
olds, 2010; Ziskin & Nesse, 1946). In this study, age 
was recorded using the stages of pubic symphysis 
(Brooks & Suchey, 1990) and auricular surface 
(Lovejoy etal., 1985) joint degeneration. Sex was rec-
orded using sexually dimorphic features of the skull 
and pelvis, after Acsádi, Nemeskéri, and Balás (1970) 
(nuchal crest, mental eminence, glabella, orbital mar-
gin, mastoid process), Phenice (1969) (ventral arc, 
sub-pubic concavity, ischiopubic ramus ridge), 
Buikstra and Ubelaker (1994) (greater sciatic notch), 
and Rogers and Saunders (1994) (pubic body shape). 
The following categories were used: 

Sex: Male; Male?; Undetermined; Female?; Fe-
male 
Age: Adolescent - < 20 years (with third molars 
in occlusion); Young Adult - 20-34 years; Mid-
dle Adult - 35-49 years; Old Adult - 50+ years; 
Adult - 20+ (age not assigned) 

Pathological changes to the periodontium were rec-
orded using the Kerr (1988) method described above, 

scoring vertical bone loss through changes in the 
texture and contour of the interdental alveolar crest. 
These changes were observed using a good light 
source and a 10x magnification hand-lens. An exam-
ple of the changes associated with each of Kerr’s 
scores can be seen in Figure 3. Results are divided 
into three alveolar regions: the anterior region com-
prising the alveolar crests between the left mesial 
canine and right mesial canine; the premolar region 
from the mesial first premolar to the mesial second 
premolar; and the molar region from the mesial first 
molar to mesial third molar. This approach records 
the distribution of pathological changes across the 
mouth and takes into account preservation bias 
(Antoine, 2017). Upper and lower dentitions were 
grouped together for the purpose of this study. Un-
observable interdental septa were accounted for, 
allowing a true prevalence to be calculated for each 
group and the results are divided by age and sex 
(individuals assigned to the ‘probable male’ or 
‘probable female’ categories were combined with 
those in the ‘male’ and ‘female’ categories respec-
tively). The 95% confidence intervals were calculat-
ed, as well as the confidence interval of difference 
(CID), which shows a true statistical difference in 
prevalence when the confidence interval range does 
not pass through zero (Altman, 2000). Additionally, 
the more traditional Fisher’s exact test (two-tailed) 
was used to provide a further test of statistical signif-
icance. A p-value of <0.05 was used to identify sig-
nificant differences between groups.   
     Intra-observer error for Kerr’s (1988) scoring 
method was tested on 60 interdental alveolar crests. 
These data were divided by score 0 (unobservable), 
score 1 (no pathological change), score 2 (porosity) 
and scores 3-5 (vertical bone loss). Table 3 shows the 
crosstabulation for the two intra-observations. Intra-
observations matched in 53/60 instances. Cohen’s ĸ 
test showed good agreement between observations 
(according to Altman, 1999), with ĸ= 0.765 and p= 
<0.0005, demonstrating significant agreement be-
tween observations. Table 4 shows the crosstabula-
tion for the two inter-observations. Inter-
observations matched in 52/60 instances. Cohen’s ĸ 
test showed good agreement between observations 
(according to Altman, 1999), with ĸ= 0.800 and p= 
<0.0005, demonstrating a significant agreement be-
tween observations. 
     The majority of error seen in the intra and inter-
observations were between scores 1 and 2, the differ-
ence between no pathological changes and increased 
porosity. The application of more light and better 
magnification was used to limit this error. However, 
this distinction is problematic. A minimal amount of 
porosity may be present in bone that has neither gin-
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givitis nor periodontal disease (Berkovitz, Holland, 
& Moxham, 1977, p. 191) and this limitation should 
be taken into account when interpreting results. 
 
Results 
Clear differences in the prevalence of Kerr scores 3-5 
can be seen between the assemblages examined 
(Figure 4). Site R12 (Neolithic) has the lowest preva-
lence of all the sites in all tooth classes and for both 
sexes, as well as in its overall prevalence. The only 
exception is the anterior region of male jaws, which 
shows a Kerr score 3-5 prevalence of 0% of interden-
tal alveolar crests (CI 0-18) at R12 and at H29 (CI 0-
11). The Late Medieval site of 3-J-18 has the second 
lowest prevalence at 6.7% (CI 4.6-9.7) for Kerr scores 
3-5. Again, this is seen in all tooth classes, for both 
sexes, and overall (with the previous exception ap-
plying). Conversely, the Medieval site of 3-J-23 
shows the highest prevalence in all tooth classes for 
both sexes and overall. The highest prevalence is 
that of the molar region of male individuals, with 

47.5% (CI 41.1-53.6) of all interdental alveolar bone 
showing pathological change consistent with Kerr 
scores 3-5. The prevalence at site H29 falls between 
those of the two Medieval sites.  
     Tables 5-10 demonstrate the statistically signifi-
cant differences between all sites in all tooth regions, 
with only two exceptions. The interdental bone in 
the premolar region of sites H29 and 3-J-23 do not 
show a statistically significant difference. Here 16.2% 
(CI 12.1-22.7) and 20.2% (CI 16.9-24) were recorded, 
respectively. The difference in prevalence between 
these sites is 3.5% (CID -9.5 to 3.4, P=0.3300). The 
interdental bone in the anterior region from sites R12 
and 3-J-18 also show no significant difference. Here 
0.0% (CI 0.0-5.3) and 3.3% (CI 2.3-4.6) were recorded, 
respectively. The difference in prevalence between 
these sites is 3.3% (CID -4.6 to 2.1 P=0.2617).  

Distribution comparison 
In both male and female individuals, as well as over-
all, each site shows a similar distribution of Kerr 

Figure 3. Examples of the different Kerr stag-
es from the current study: Top left - Score 1 -

Septal form characteristic of its region with 
no pathological change; Top right - Score 2 - 
Septal form characteristic of the region. Corti-
cal surface showing a range of morphologies, 
from many small foramina/shallow grooves 
to a cortical surface showing larger foramina 
and/or prominent grooves or ridges; Middle 

left – Score 3 - Septal form showing break-
down of contour with bone loss in the form 
of a shallow depression extending across the 
interspace from the buccal to lingual aspect, 
or as one or more smaller discrete areas of 
bone destruction, the essential and distin-
guishing features being a sharp and ragged 
texture to the bone; Middle right - Score 4 - 
Septal form showing breakdown of contour 
with bone loss similar to that seen in score 3, 
however, instead of being ragged in appear-
ance, the bone has a porous or smooth hon-
eycomb appearance; Bottom left – Score 5 - 
Presence of deep infra-bony defect with sides 
sloping at 45 degrees or more and with a 
depth of 3mm or more. The surface may be 
sharp and ragged or smooth. Photographs by 
R. Whiting, courtesy of the Trustees of The 
British Museum. 
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Table 3. Crosstabulation for intra-observer error for observations of Kerr scores. Numbers indicate counts of the Kerr Scores allocat-
ed in observation #1 and #2.  

  
Observation#2   

Unobservable Kerr 1 Kerr 2 Kerr 3-5 Total 

O
b

serv
a

tio
n

#
1

 

Unobservable 13 0 0 0 13 

Kerr 1 0 37 4 3 44 

Kerr 2 0 0 2 0 2 

Kerr 3-5 0 0 0 1 1 

Total 13 37 6 4 60 

  
Observer#2   

Unobservable Kerr 1 Kerr 2 Kerr 3-5 Total 

O
b

serv
er#

1
 

Unobservable 6 0 0 1 7 

Kerr 1 0 24 3 0 27 

Kerr 2 0 3 16 0 19 

Kerr 3-5 0 0 1 6 7 

  Total 6 27 20 7 60 

Table 4. Crosstabulation for inter-observer error observations for periodontal disease recording. Numbers indicate counts of the 
Kerr Scores allocated by observer #1 and #2. 

Figure 4: Box and whisker plot showing the prevalence of periodontal disease at sites R12, H29, 3-J-23 and 3-
J-18. Box plot indicates prevalence in each tooth region. Whiskers indicate the confidence intervals for each 
group based on the calculations set out in Altman, Machin, Bryant, and Gardner (2000, p. 47).  
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Table 7: Site comparisons between R12 and 3-J-18 for Kerr scores 3-5 in each tooth region, as well as overall. Raw data, Confidence 
interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant values are shown in 
bold.  

R12/3-J-18 Anterior teeth Premolars Molars Total 

Raw Data 
0/68 (0.0%) 

31/939 (3.3%) 
0/128 (0.0%) 
45/788 (6%) 

20/232 (8.6%) 
203/1063 (19%) 

20/428 (4.7%) 
279/2790 (10%) 

CID -4.6 (-3.3) 2.1 -7.6 (-5.70 -2.5 -14.3 (-10.5) -5.6 -7.3 (-5.3) -2.7 

Fisher’s exact test P=0.2617 P=0.0015 P=0.0001 P=0.0002 

Table 8: Site comparisons between H29 and 3-J-23 for Kerr scores 3-5 in each tooth region, as well as overall. Raw data, Confidence 
interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant values are shown in 
bold.  

H29/3-J-23 Anterior teeth Premolars Molars Total 

Raw Data 
8/108 (7.4%) 

101/559 (18%) 
32/191 (16.7%) 
97/480 (20.2%) 

68/241 (28.2%) 
251/640 (39.2%) 

108/540 (20%) 
449/1679 (26.7%) 

CID -15.6 (-10.7) -3.5 -9.5 (-3.5) 3.4 -17.6 (-11.0) -4.0 -10.9 (-6.7) -2.6 

Fisher’s exact test P=0.0044 P=0.3300 P=0.0028 P=0.0017 

Table 9: Site comparisons between H29 and 3-J-18 for Kerr scores 3-5 in each tooth region, as well as overall. Raw data, Confidence 
interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant values are shown in 
bold. 

H29/3-J-18 Anterior teeth Premolars Molars Total 

Raw Data 
8/108 (7.4%) 
31/939 (3.3%) 

32/191 (16.7%) 
45/788 (6%) 

68/241 (28.2%) 
203/1063 (19%) 

108/540 (20%) 
279/2790 (10%) 

CID 0.3 (4.1) 10.7 6.1 (11.0) 17.1 3.3 (9.1) 15.5 6.6 (10.0) 13.7 

Fisher’s exact test P=0.0529 P=<0.0001 P=0.0021 P=<0.0001 

R12/3-J-23 Anterior teeth Premolars Molars Total 

Raw Data 
0/68 (0.0%) 

101/559 (18%) 
0/128 (0.0%) 

97/480 (20.2%) 
20/232 (8.6%) 

251/640 (39.2%) 
20/428 (4.7%) 

449/1679 (26.7%) 
CID -21.5 (-18.1) -12.0 -24.0 (-20.2) -15.8 -35.5 (-30.6) -24.9 -24.8 (-22.1) -18.9 

Fisher’s exact test P=<0.00001 P=<0.00001 P=<0.00001 P=<0.00001 

Table 6: Site comparisons between R12 and 3-J-23 for Kerr scores 3-5 in each tooth region, as well as overall. Raw data, Confi-
dence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant values are 
shown in bold. 

R12/H29 Anterior teeth Premolars Molars Total 

Raw Data 
0/68 (0.0%) 

8/108 (7.4%) 
0/128 (0.0%) 

32/191 (16.7%) 
20/232 (8.6%) 

68/241 (28.2%) 
20/428 (4.7%) 
108/540 (20%) 

CID -13.9 (-7.4) -1.0 -22.7 (-16.8) -11.3 -26.3 (-19.6) -12.8 -19.3 (-15.3) -11.3 

Fisher’s exact test P=0.0239 P=<0.00001 P=<0.00001 P=<0.00001 

Table 5: Site comparisons between R12 and H29 for Kerr scores 3-5 in each tooth region, as well as overall. Raw data, Confidence 
interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant values are shown 
in bold. 
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scores 3-5. The anterior region of the jaws has the 
lowest prevalence, followed by the premolar region, 
with the molar region displaying the highest preva-
lence in every site. In male individuals from both 
Medieval sites (3-J-18 and 3-J-23), a similar preva-
lence is present in the anterior and premolar regions. 
Overall, the premolars from site 3-J-23 show a 4.8% 
higher prevalence than the anterior region (CID -13.5 
to 3.7, P=0.2966), while at site 3-J-18, there is a differ-
ence of 0.6% between the tooth regions (CID -4.6 to 
3.2, P=0.7684). In contrast, there is a statistically sig-
nificant difference in prevalence between the anteri-
or and premolar regions in the males from site H29 – 
15% (CID -26.1 to -2.0, P=0.0254). The difference in 
prevalence between the anterior and premolar re-
gions at all three sites is less pronounced in female 
individuals (Figure 5). At R12, Kerr scores 3-5 are 
only found in the molar region, this was true of both 
sexes and in overall prevalence.   
 
Comparisons of age and sex 
Figure 5 shows the prevalence of Kerr Scores 3-5 in 
each of the groups examined, divided by age and 
sex. In nearly every tooth region of each assemblage, 
the middle adult category shows a higher prevalence 
of Kerr Scores 3-5 than the young adults– with the 
exception of the premolar region at H29 where 
young adult males show a slightly higher prevalence 
than middle adult males. However, not all these dif-
ferences are statistically significant (Tables 11-18). In 
fact, in the earlier periods, the Neolithic and Kerma 
groups show no statistical significance between age 
categories for either sex. Yet, in the Medieval groups, 
middle adults show a statistically higher prevalence 
than young adults in every tooth region for male 
individuals. However, this is not the case for female 
individuals, where a statistical difference between 
age categories is only seen in the molar region at 3-J-
18, and in the molars and premolars at 3-J-23. In ad-
dition, middle adult males, at both Medieval sites, 
show a significantly higher prevalence of Kerr Scores 
3-5 than middle adult females in the anterior denti-
tion.  
 

Discussion 
The sites examined in this study reveal a wide range 
in the prevalence of Kerr scores 3 to 5 (from 4.7% at 
R12 to 26% at 3-J-23), which  represents destructive 
bone loss relating to periodontal disease (Kerr, 1988).  
In modern populations from across the globe, P. E. 
Petersen (2003) reports periodontal disease ranging 
from 5 to 15%. Petersen’s data, however, only in-
clude individuals with periodontal pockets ≥6mm, 
and cannot be directly compared with the higher 
prevalence rates reported here as the latter include a 
greater range of periodontal remodelling. The cur-
rent study also differs in that it records changes per 
interdental septum rather than per individual. It 
should be noted that due to varying levels of preser-
vation, the numbers of individuals with age-at-death 
and sex estimates were small at sites R12 and H29, 
but relatively large at the two Medieval sites. The 
results from these earlier sites are thus less likely to 
be as representative as those from the later sites. 
     The Neolithic site of R12 shows the lowest preva-
lence of periodontal disease in all tooth regions and 
overall for males, females, and both age categories. 
Periodontal disease is only present in the molar re-
gion, with none observed in the anterior or premolar 
teeth. Prevalence at H29 is higher than that of R12, 
with pathological changes found in all regions of the 
dentition. Site 3-J-23 has considerably higher preva-
lence rates than both R12 and H29. However, at the 
later Medieval site of 3-J-18, prevalence rates are 
lower than those at both the earlier Medieval and 
Kerma Ancien sites. Current understanding of the 
biological processes contributing to periodontal dis-
ease suggest that a range of factors can contribute to 
the initiation and progression of the condition. Its 
association with  systemic inflammation is particu-
larly relevant here (Barnett, 2006; Page, 1998; P. E. 
Petersen et al., 2005; Thoden van Velzen, Abraham‐

Inpijn, & Moorer, 1984), with greater inflammation 
in the body causing susceptibility to the hypersensi-
tive response involved in periodontal disease and 
vice versa. The archaeological record suggests that 
during the Neolithic period, settlement may have 
been more temporary and communities more mo-
bile, in part due to the more humid environment and 

Table 10: Site comparisons between 3-J-23 and 3-J-18 for Kerr scores 3-5 in each tooth region, as well as overall. Raw data, Confi-
dence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant values are 
shown in bold. 

3-J-23/3-J-18 Anterior teeth Premolars Molars Total 

Raw Data 
101/559 (18%) 
31/939 (3.3%) 

97/480 (10.2%) 
45/788 (6%) 

251/640 (39.2%) 
203/1063 (19%) 

449/1679 (26.7%) 
279/2790 (10%) 

CID 11.5 (14.8) 18.3 10.7 (14.5) 18.6 15.7 (20.1) 24.6 14.4 (16.7) 19.2 

Fisher’s exact test P=0.00001 P=<0.00001 P=<0.00001 P=<0.00001 
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Figure 5. Box and whisker plot showing the prevalence of periodontal disease at sites R12, H29, 3-J-
23 and 3-J-18. Box plot indicates prevalence in each tooth region, for young and middle adult males 
and females. Whiskers indicate the confidence intervals for each group based on the calculations set 
out in Altman et al. (2000, p. 47).  

Table 11: Comparisons between young and middle adult males at R12 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Signifi-
cant values are shown in bold. 

R12 Males Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

0/5 (0.0%) 
0/1 (0.0%) 

0/11 (0.0%) 
0/8 (0.0%) 

0/21 (0.0%) 
2/17 (11.8%) 

0/37 (0.0%) 
2/26 (7.7%) 

CID -79.3 (0.0%) 43.4 -32.4 (0.0) 25.9 -34.3 (-11.8) 5.9 -24.1 (-7.7) 3.2 

Fisher’s exact test P=1 P=1 P=0.19 P=0.16 

Table 12: Comparisons between young and middle adult females at R12 for Kerr scores 3-5 in each tooth region, as well as over-
all. Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. 
Significant values are shown in bold. 

R12 Females Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

0/6 (0.0%) 
0/8 (0.0%) 

0/12 (0.0%) 
0/9 (0.0%) 

2/15 (13.5%) 
2/18 (11.1%) 

2/33 (6.0%) 
2/35 (5.7%) 

CID -32.4 (0.0) 39.0 -32.4 (0.0) 24.3 -21.5 (2.2) 28.0 -13.3 (0.3) 14.5 

Fisher’s exact test P=1 P=1 P=1 P=1 
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Table 13: Comparisons between young and middle adult males at H29 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Signifi-
cant values are shown in bold. 

H29 Males Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

0/11 (0.0%) 
0/20 (0.0%) 

5/27 (18.5%) 
4/33 (12.1%) 

7/36 (19.4%) 
15/38 (39.5%) 

12/74 (16.2%) 
19/91 (20.9%) 

CID -16.1 (0.0) 25.9 -12.0 (6.4) 26.0 -38.6 (-20.0) 0.8 -16.2 (-4.7) 7.6 

Fisher’s exact test P=1 P=0.71 P=0.07 P=0.54 

Table 14: Comparisons between young and middle adult females at H29 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Signifi-
cant values are shown in bold. 

H29 Females Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

2/25 (8.0%) 
2/11 (18.2%) 

2/21 (9.5%) 
3/24 (12.5%) 

4/29 (13.8%) 
11/36 (30.6%) 

8/75 (10.6%) 
16/71 (22.5%) 

CID -40.3 (-10.2) 11.2 22.3 (-3.0) 18.1 -35.1 (-16,8) 4.2 -24.0 (-11.9) 0.3 

Fisher’s exact test P=0.57 P=1 P=0.14 P=0.07 

Table 15: Comparisons between young and middle adult males at 3-J-23 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Signifi-
cant values are shown in bold. 

3-J-23 Males Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

9/97 (9.3%) 
40/116 (34.5%) 

9/77 (11.7%) 
40/96 (41.7%) 

37/115 (32.2%) 
71/116 (61.2%) 

55/289 (19.0%) 
151/328 (46.0%) 

CID -35.2 (-25.2) -14.3 -41.3 (-30.0) -17.0 -42.1 (-30.8) -18.0 -33.8 (-27.0) -19.8 

Fisher’s exact test P=<0.0001 P=<0.0001 P=<0.0001 P=<0.0001 

Table 16: Comparisons between young and middle adult females at 3-J-23 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Signifi-
cant values are shown in bold. 

3-J-23 Females Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

20/182 (11.0%) 
9/80 (11.3%) 

16/148 (10.8%) 
16/71 (22.5%) 

53/206 (25.7%) 
51/88 (58.0%) 

89/536 (16.6%) 
76/239 (31.7%) 

CID -9.8 (-0.3) 7.2 -23.4 (-11.7) -1.6 -43.4 (-32.2) -20.0 -22.0 (-15.2) -8.7 

Fisher’s exact test P=1 P=0.02 P=<0.0001 P=<0.0001 

Table 17: Comparisons between young and middle adult males at 3-J-18 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant 
values are shown in bold. 

3-J-18 Males Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

0/118 (0.0%) 
26/260 (10.0%) 

0/91 (0.0%) 
23/216 (10.6%) 

9/127 (7.1%) 
81/291 (27.8%) 

9/336 (2.6%) 
130/767 (16.9%) 

CID -14.2 (-10.0) -5.6 -15.5 (-10.6) -5.3 -27.1 (-20.7) -13.2 -47.9 (-42.0) -35.9 

Fisher’s exact test P=<0.0001 P=0.0005 P=<0.0001 P=<0.0001 
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a reliance on pastoral cultural practices (Bard, 2008; 
Gautier & Van Neer, 2011; Hassan, 1986; L. 
Krzyżaniak, 2004; Wengrow et al., 2014). At this 
time, population clusters may have been smaller and 
may have had less contact with other groups, limit-
ing the spread of disease and systemic inflammation. 
This may in part explain the very low levels of perio-
dontal disease prevalence in the Neolithic Group 
and the much higher levels in the later groups, par-
ticularly the Medieval site of 3-J-23. Unfortunately, 
none of the cemeteries examined in this study had 
associated settlements and occupation size or pat-

terns could not be established.  
     Genetic susceptibility is also likely to affect the 
prevalence of periodontal disease (Hajishengallis & 
Korostoff, 2017; Kornman & di Giovine, 1998; Korn-
man et al., 1997; Laine, Crielaard, & Loos, 2012; Page 
& Schroeder, 1976). Clinical studies have demon-
strated that certain gene expressions influence pa-
tient susceptibility to both aggressive and chronic 
periodontal disease (Kornman & di Giovine, 1998; 
Laine et al., 2012; Offenbacher, Barros, & Beck, 2008). 
In the Nile Valley, Elamin, Skaug, Ali, Bakken, and 
Albandar (2010) study of the periodontal status of 

Table 18: Comparisons between young and middle adult females at 3-J-18 for Kerr scores 3-5 in each tooth region, as well as overall. 
Raw data, Confidence interval of difference (Altman et al., 2000) and P-value for two-tailed Fisher’s exact test are shown. Significant 
values are shown in bold. 

3-J-18 Females Anterior teeth Premolars Molars Total 

Raw Data 
(Young adults) 
(Middle adults) 

1/266 (0.4%) 
2/191 (1.0%) 

6/222 (2.75) 
9/165 (5.5%) 

37/306 (12.1%) 
57/216 (26.4%) 

44/794 (5.5%) 
68/572 (11.8%) 

CID -2.1 (-0.3) 1.5 -7.6 (-2.8) 1.2 -21.3 (-14.3) -7.5 -9.6 (-6.3) -3.3 

Fisher’s exact test P=0.57 P=0.18 P=<0.0001 P=<0.0001 

Table 19: Comparison of the male, female and overall Kerr scores 3-5 recorded in this study with Wasterlain et al. (2011) 
and Kerr (1991). Raw data and prevalence (%) are provided. 

Site/Study Male Female Overall 

R12 
7/141 
(5%) 

4/108 
(3.7%) 

20/428 
(4.7%) 

H29 
31/165 
(18.7%) 

45/246 
(18.7%) 

108/540 
(20%) 

3-J-23 
214/639 
(33.4%) 

165/779 
(21.1%) 

449/1679 
(26.7%) 

3-J-18 
140/1129 
(12.4%) 

119/1432 
(8.3%) 

279/2790 
(10%) 

Wasterlain et al. (2011) 
773/4980 
(14.7%) 

602/4420 
(13.6%) 

1335/9400 
(14.2%) 

Kerr (1991) - - 
702/3142 
(22.3%) 

Table 20: Comparison of Kerr scores 3-5 in this study and Kerr (1991) . Raw data and prevalence (%) provided by den-
tal distribution 

  Anterior teeth Premolars Molars Total 

R12 
0/68 

(0.0%) 
0/128 
(0.0%) 

20/232 
(8.6%) 

20/428 
(4.7%) 

H29 
8/108 
(7.4%) 

32/191 
(16.7%) 

68/241 
(28.2%) 

108/540 
(20%) 

3-J-23 
101/559 

(18%) 
97/480 
(20.2%) 

251/640 
(39.2%) 

449/1679 
(26.7%) 

3-J-18 
31/939 
(3.3%) 

45/788 
(6%) 

203/1063 
(19%) 

279/2790 
(10%) 

Kerr (1991) 
184/1041 
(17.6%) 

171/1047 
(16.3%) 

335/1339 
(26.5%) 

702/3142 
(22.3%) 
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Sudanese students concludes that African ethnicity 
and male sex are risk factors in young people aged 
13-19 years. If individuals from Site R12 had a very 
different genetic make-up to the other sites exam-
ined, this may explain some of the very different 
prevalence rates observed here. However, no aDNA 
studies have been made. The work by Irish (2008), 
using dental morphology as a proxy to genetics,  
suggests a close biological affinity between R12 and 
other Nubian groups of the time, as well as with 
groups from subsequent periods. However, dental 
morphological data is not currently available for H29 
or the Fourth Cataract sites. 
     Few clinical studies have linked periodontal dis-
ease to diet (Björnsson et al., 2003; Person, 1961; Wat-
son, 1994). In Sudan, the archaeological record sug-
gests an agricultural transition or intensification be-
tween the Neolithic and Medieval periods 
(Björnsson et al., 2003; Chaix, 1984, 2007; Clapham & 
Rowley-Conwy, 2007; Fuller, 2004; Fuller & Ed-
wards, 2001; Iacumin et al., 1961; Watson, 1994). An 
increase in consumption of grains during this period 
may have affected the make-up of the oral flora 
within the supra-gingival biofilm and, in turn, sus-
ceptibility to periodontal disease.  
     When compared to Wasterlain, Cunha, and Hill-
son (2011), which also used the Kerr method on indi-
viduals of known age and sex from the Coimbra col-
lection in Portugal, the overall prevalence for the 
Coimbra post-industrial group (14.2%; CI 13.5-14.9) 
falls between that of the later Medieval group from 3
-J-18 (10%; CI 8.9-11.2) and the Kerma Ancien group 
from H29 (20%;CI 16.8-23.6). The Coimbra data also 
has a significantly higher prevalence than that of 3-J-
18 (4.2%; CID -5.5 to -2.8 P=<0.00001), as well as a 
significantly lower prevalence than H29 (5.8%; CID 
2.6 to 9.4 P=0.0003). The Coimbra data also have a 
statistically lower prevalence than 3-J-23 and a high-
er prevalence than R12. The results could not be di-
rectly compared to the Medieval Scottish collections 
(AD 900-1600) examined by Kerr (1991; see Table 19) 
due to its inclusion of sub adults. However, once 
Kerr’s data is adjusted to exclude the sub-adults 
(Table 19), periodontal disease was observed in 
22.3% of interdental alveolar crests. This is 2.3% 
higher than the prevalence observed at H29 (CID -
1.5 to 5.8 P=0.2378) and significantly higher than re-
sults from sites R12 (17.7%; CID 14.9 to 19.9 
P=<0.00001) and 3-J-18 (12.3%; CID 10.5 to 14.2 
P=<0.00001), as well as significantly lower than 3-J-
23. The Middle Nile Valley data compares well with 
the range seen in other collections with the exception 
of R12, where prevalence is much lower than all oth-
er collections, and even lower than the  range ob-
served in modern populations (Petersen, 2003).  
     The Medieval Scottish data by Kerr (1991) also 

show a prevalence of periodontal disease of 17.6% 
(CI 15.5-20.1) in the anterior region, 16.3% (CI 14.2-
18.7) in the premolar region, and 26.5% (CI 24.2-28.9) 
in the molar region (Table 20). Prevalence rates in 
the premolar and molar regions are comparable with 
those found at site H29. However, the prevalence 
recorded in the anterior region was significantly 
higher than H29 (10.3%; CID -14.6 to -3.4 P=0.0044) 
and aligns more closely with that of 3-J-23. A similar 
distribution of periodontal disease across the mouth 
was found at Coimbra and the Sudanese sites, with a 
higher prevalence in the molar region and the lowest 
prevalence in the anterior region.  
     Some studies have found a close link between 
periodontal disease and dental hygiene (Axelsson & 
Lindhe, 1981; Löe, 2000; P. E. Petersen et al., 2005). In 
modern Sudan, Darout, Albandar, and Skaug (2000), 
found that miswak users - a stick or root of the spe-
cies Salvadora persica with antibacterial properties 
used as a toothbrush across Africa - had less gingival 
bleeding in the molars than toothbrush users, as well 
as lower prevalence rates of ≥4mm pocketing and 
attachment loss. This study also found that the prev-
alence of attachment loss was higher in the posterior 
maxillary teeth, with the opposite true for the man-
dible. The use of the miswak appears to improve 
oral hygiene (Halawany, 2012), most probably by 
cleaning the dental plaque away from the gums and 
reducing the microbial load. Although little is 
known of dental hygiene practices in the Neolithic, 
Kerma, or Medieval periods in Nubia, the high prev-
alence seen in the molar region in these collections, 
as well as those of Coimbra and Scottish Medieval 
period, may point to a similar problem. The molar 
region can be hard to clean of food and plaque, with 
deposits building faster or more readily than in other 
regions of the dentition (Hillson, 2005). This would, 
in turn, differentially increase the microbial chal-
lenge and hypersensitive response of the host’s im-
mune system (Cekici et al., 2014; Darveau et al., 1997; 
Kornman et al., 1997), particularly in that part of the 
mouth.   
     The Neolithic and Kerma sites, examined in this 
study, also show some differences between the sex-
es. At site R12, the young adult males show no signs 
of periodontal disease, with young adult females 
displaying interdental changes in the molars. At the 
Kerma site H29, no periodontal disease was ob-
served in the anterior teeth of both the young and 
middle adult males, while females present the condi-
tion in both age groups. Due to poor preservation, 
few individuals from R12 and H29 could be assigned 
age and sex, and these results may not be representa-
tive of the assemblages. In all tooth regions, the mid-
dle adults from the Medieval sites show a higher 
prevalence of periodontal disease in males than fe-
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males. This difference is only statistically significant 
in the anterior teeth from both Medieval sites (3-J-23: 
difference = 23.2%, CID 11.3 to 33.7 P=0.0002; 3-J-18: 
difference = 9.0%, CID 4.9 to 13.3 P=<0.0001) and in 
the premolars at site 3-J-23 (difference = 19.1%, CID 
4.7 to 32.0 P=0.012). Bar these differences, little ap-
pears to separate males and females at the Medieval 
sites in either age category. This mirrors the findings 
from Coimbra. Using a 3x2 Chi2 test with 2 degrees 
of freedom, Wasterlain et al. (2011, p. 36) compared 
the number of interdental septa recorded as healthy, 
with gingivitis, and with destructive lesions between 
males and females. Their results indicate that males 
were significantly more at risk of periodontal disease 
and gingivitis, and less likely to have ‘healthy’ inter-
dental septa. However, this particular statistical test 
may hide the true cause of the difference between 
males and females. When considered separately, 
males showed a lower prevalence of healthy septa 
than females (24.1 % and 27.5% respectively; differ-
ence = 3.4%; CID -5.1 to -1.6 P=0.0002) and a higher 
prevalence of gingivitis than females (61.1% and 
58.9% respectively; difference = 2.3%; CID 0.3 to 2.3 
P=0.0253). Conversely, periodontal disease showed a 
prevalence of 14.7% in males and 13.6% in females, a 
modest difference of 1.1% (CID -0.3 to 2.5 P=0.1312) 
that is not statistically significant. These results ap-
pear to indicate that males had a significantly lower 
prevalence of ‘healthy’ interdental septa and a signif-
icantly higher prevalence of septa with gingivitis, 
but similar levels of periodontal disease. Males and 
females from Coimbra, however, showed a signifi-
cantly higher prevalence than observed at site R12 
(males difference = 9.8%, CID 4.7 to 12.5 P=0.0006; 
females difference = 9.9%, CID 4.4 to 12.4 P=0.0014) 
and a significantly lower prevalence than recorded 
at site 3-J-23 (males difference = 18.8%, CID -22.6 to -
18.1 P=<0.00001; females difference = 7.6%, CID -10.7 
to -4.6 P=<0.00001).  
     Biological differences between the sexes may ex-
plain these variations in prevalence (Curilović, Ma-
zor, & Berchtold, 1977; Hefti, Engelberger, & Büttner, 
1981) and it has been suggested that female hormo-
nal fluctuations may lead to a higher prevalence of 
periodontal disease (Holm‐Peedersen & Löe, 1967). 
However, other studies do not support this finding 
(Amar & Chung, 1994; Kinane et al., 2001; Marshall-
Day, Stephens, & Quigley Jr, 1955; Mealey & Moritz, 
2003; Shiau & Reynolds, 2010; Sooriyamoorthy & 
Gower, 1989). Indeed, in the results presented here, 
females in the earlier periods show higher preva-
lence than males in certain areas of the mouth, how-
ever, these differences are not statistically significant 
and prevalence in other dental regions are similar 
between sexes. In the later Medieval groups, it is 
male individuals who show statistically higher prev-

alence and progress to destructive periodontal bone 
loss more readily than females in the older age cate-
gory, particularly in the anterior dentition.  
In older adults, Kerr (1991) also noted a higher prev-
alence of scores denoting destructive periodontal 
disease and suggested these were probably a reflec-
tion of a “cumulative effect” (p. 353) rather than a 
greater susceptibility or risk with increasing age. In 
essence, after destructive bone loss occurs, the loss of 
attachment of the periodontal ligament means that 
the bone is not replaced (Cochran, 2008; Hienz, Pali-
wal, & Ivanovski, 2015; Hillson, 2005). As age in-
creases, there may be a cumulative effect whether or 
not the lesions are active. This cumulative effect may 
account for some of the differences seen between the 
young and middle adult age categories in the current 
study. However, these differences were not signifi-
cant in the Neolithic or Kerma period assemblages, 
and prevalence was only significantly higher in mid-
dle adult males in both Medieval collections. Alt-
hough a higher prevalence was sometimes seen in 
middle adult females in the Medieval period, this 
was not true for every region of the dentition (see 
Tables 15-18). In the groups examined, the results 
suggest that - apart from in some Medieval cases - 
there is little difference in the risk of developing per-
iodontal disease, nor its cumulative effects, with in-
creasing age.  
     Many factors appear to contribute to the develop-
ment, progression and thus the prevalence of perio-
dontal disease. This equifinality is further confound-
ed by the sporadic progression and recession of the 
disease. Either acute or chronic progression may oc-
cur; leading to florid destruction of the alveolar bone 
(both localised or widespread) (Hajishengallis & 
Korostoff, 2017; Page & Schroeder, 1976). Periods of 
healing can restore bone texture to a certain extent, 
or there may be retention of bone loss despite an ar-
ea being in a quiescent phase, with no hypersensitiv-
ity or destructive activity (Kerr, 1988; Page & 
Schroeder, 1976). Page and Schroeder (1976) noted 
that a progression from an ‘established lesion’ to an 
‘advanced lesion’ may occur within a couple of 
weeks to several years. With a lack of patient history 
and the cumulative effects of an episodic disease, 
captured at the point of death, the role of periodon-
tal disease on the concept of ‘oral health’ may be 
hard to apply in archaeological remains. Instead, a 
mere snapshot of an individual’s state of ‘health’ is 
actually represented. As shown here, this ‘snapshot’ 
may vary in different parts of the mouth. Stand-
alone clinical studies also encounter this limitation 
and focus on recording a patient’s ‘periodontal sta-
tus’, a term also used by Kerr -perhaps in an attempt 
to capture the flitting nature of this complex disease. 
Further data is required to contextualise the differ-
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ences over time, and between sexes and ages ob-
served here, such as the low prevalence of periodon-
tal disease at the Neolithic site of R12. The Kerr 
method has been used in very few studies, despite 
appearing to offer the best route forward. The data 
presented in this study gives new insight into the 
periodontal status of the inhabitants of the Middle 
Nile region from the Neolithic to Medieval period. 
Continued application of the Kerr method in other 
archaeological assemblages from both the Nile Val-
ley and farther afield may help to contextualise these 
findings further and advance current understanding 
of this complex disease. 
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