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Ágrip 

Inngangur: Tannhaldssjúkdómur (e.periodontitis) er flókinn bólgusjúkdómur sem leiðir til niðurbrots á 

stoðvefjum tanna. Um er að ræða samspil margra þátta, þ.m.t. ónæmiskerfisins en því er að stórum 

hluta stjórnað af genum. Þekking á genum og genaþáttum sem hafa áhrif á sjúkdómsmynd 

tannhaldssjúkdóma er enn takmörkuð. 

Víðtæk erfðamengisleit (e.genome-wide association study, GWAS)  er rannsóknaraðferð sem hefur 
víða verið notuð með góðum árangri. Aðferðin ber saman tíðni erfðabreytileika í erfðamengi sjúklinga 

og viðmiðunarhóps í þeim tilgangi að leita erfðaþátta sem tengjast áhættu á sjúkdómum. Séu kennsl 

borin á slíka erfðaþætti gæti það hjálpað til við að skilja þróun og feril tannhaldssjúkdóma sem jafnvel 

gæti leitt til nýrra meðferðarleiða. Víðtæk erfðamengisleit flókinna sjúkdóma krefst jafnan stórra hópa 

einstaklinga og staðlaðra svipgerða (e.phenotypes).  

 

Markmið: Tilgangur rannsóknarinnar var tvíþættur. Annarsvegar að kanna hvort unnt væri að greina á 
áreiðanlegan máta sjúklinga með tannhaldssjúkdóm, á grundvelli orthopantomogram (OPG) 

röntgenmynda og hinsvegar að nýta gögn myndúrvinnslunnar til þess að skilgreina svipgerðir fyrir fyrstu 

víðtæku erfðamengisleitirnar sem gerðar hafa verið á tannhaldssjúkdómi á Íslandi, til að leita erfðaþátta 

sem tengjast áhættu á tannhaldssjúkdómi. 

 

Efniviður og aðferðir: Skoðaðar voru stafrænar OPG röntgenmyndir 4351 fullorðins einstaklings sem 

kom í myndatöku á Tannlæknadeild Háskóla Íslands (THÍ) á árunum 2011-2017. Beintap var mælt á 

mynd hvers einstaklings af einum skoðanda. Gerð var áreiðanleikakönnun (intra- og inter-rater 
reliability) á grundvelli 100 röntgenmynda sem og ítarleg lýsandi tölfræðigreining á gögnunum. 

Einstaklingar voru síðan flokkaðir í hópa, með og án merkja um tannhaldssjúkdóm, eftir fyrirfram 

ákveðnum skilgreiningum og flokkunarkerfi byggt á mælingum og dreifingu á beintapi og tannvöntun á 

OPG röntgenmyndum. Því næst voru gerðar víðtækar erfðamengisleitir meðal þeirra sem höfðu gefið 

sýni og samþykki til erfðarannsókna hjá Íslenskri erfðagreiningu (Íe). Annars vegar voru bornir saman 

hópar með (N = 363) og án (N = 619) merkja um tannhaldssjúkdóm á OPG röntgenmyndum og 

hinsvegar var erfðamengi sjúklingahópsins borið saman við erfðamengi um 188 þúsund Íslendinga í 
viðmiðunarhópi.  

  

Niðurstöður: Unnt er að greina sjúklinga sem bera merki um tannhaldssjúkdóm á áreiðanlegan hátt 

(áreiðanleiki milli tveggja skoðara = 90%) úr stóru safni OPG mynda. Sýnt var fram á að hlutfall 

skjólstæðinga THÍ á árunum 2011-2017 sem greindir voru með merki um tannhaldssjúkdóm var 8.5% 

en 14.4% greindust ekki með merki um tannhaldssjúkdóm. Víðtækar erfðamengisleitir skiluðu  ekki 

niðurstöðum sem náðu þröskuldi tölfræðilegrar marktækni1 og því fannst enginn erfðaþáttur sem 

óyggjandi tengist tannhaldssjúkdómi.  
 
Ályktanir: Þetta er fyrsta rannsóknin sem gerð hefur verið á Íslandi til að greina einstaklinga sem bera 

merki um tannhaldssjúkdóm á grundvelli OPG röntgenmynda og til að nota skilgreindar svipgerðir til að 
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leita erfðaþátta sem tengjast áhættu á tannhaldssjúkdómi. Hægt er að álykta að aðferðirnar sem lýst er 

og voru notaðar í þessari rannsókn séu gagnlegar til að bera kennsl á og flokka á staðlaðan og 

áreiðanlegan hátt, einstaklinga í tvo hópa; þá sem hafa merki um tannhaldssjúkdóm og þá sem hafa 

heilbrigt tannhald samkvæmt röntgenmyndum. Þó niðurstöður víðtæku erfðamengisleitanna hafi ekki 

greint erfðaþátt má nýta þær í samanburði við niðurstöður annarra rannsókna á sambærilegum 

svipgerðum. Frekari rannsókna er þörf á erfðaþáttum tannhaldssjúkdóma og leiða má líkum að því að 

stærri hópa sé þörf til að rannsaka erfðaáhættu svo flókins sjúkdóms. Áhugavert væri að gera svipaðar 
rannsóknir og þessa, byggðar á klínískri skoðun og greiningu. Niðurstöðurnar sýna fram á þörf á frekari 

rannsóknum á erfðaþáttum tannhaldssjúkdóma, á stærri hópum í fjölbreytilegum þýðum og þörf á 

stöðluðum skilgreindum svipgerðum tannhaldssjúkdóms. 
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Abstract 

Introduction: Periodontitis is a complex, inflammatory disease resulting in breakdown of the supporting 

structures of teeth. The disease is caused by a complex interplay between numerous factors, including 

the immunological responses of the host, which are largely regulated by genes. Still, the current 

knowledge on genes and genetic variants affecting the development and progression of periodontitis is 

limited.  
Genome-wide association studies (GWAS) have been used successfully in the past to identify 

genetic variants that associate with the risk of complex diseases. Only a few have been found to be 

associated with periodontitis. Identifying such variants can aid in the understanding of the biological 

pathways underlying periodontitis as well as in developing new treatment modalities. GWAS studies of 

complex diseases generally require large samples and standardized phenotypes. 

 
Objectives: The objectives of the study were first; to create standardized diagnostic criteria with which 
individuals with signs of periodontitis could be retrospectively diagnosed from a large set of 

orthopantomogram (OPG) radiographs and second; to use the data derived from these methods to 

create phenotypes to perform the first GWAS studies on periodontitis in Iceland. 

 
Materials and methods: Digital OPG radiographs of 4351 adult individuals that had undergone 

radiographic examination at The Dental Clinic at the University of Iceland in the years 2011-2017 were 

examined. Measurements on bone loss were made on each individual‘s OPG, by one examiner. To test 

inter-rater reliability, 100 OPGs were examined by another examiner. Descriptive statistical analyses 
were performed and individuals were categorized into groups, with (N = 363) and without (N = 619) 

signs of periodontitis on OPG radiographs, according to pre-designed classification criteria based on 

measurements of bone loss and the distribution of bone loss and tooth loss. Based on these phenotypes, 

deCODE genetics conducted GWASs on so-defined case and control groups using samples from 

individuals who had given their consent for genetic studies. To increase statistical power, cases were 

also compared to a population control group of about 188 thousand Icelanders. 

 
Results: Signs of periodontitis were reliably detected retrospectively from this large set of OPG 

radiographs (intra-rater reliability = 90%). The study shows that the prevalence of individuals with signs 

of periodontitis on OPG radiographs was 8.5% among the patients of the THÍ clinic, while 14.4% had 

no signs of periodontitis on OPG radiographs. No genetic marker reached the threshold of genome-

wide significance.1 

 
Conclusions: This is the first study conducted in Iceland to retrospectively analyze a large set of OPG 

for signs of periodontitis and to use the derived phenotypes to look for genetic variants associating with 
risk of the disease. The methods used to detect signs of periodontitis on OPGs were found to be reliable 

and can be used to retrospectively identify and categorize individuals into groups of patients with and 

without signs of periodontitis. Future studies are needed to verify these diagnostic criteria clinically. 

Although the GWASs performed identified no genetic risk factors for periodontitis, their results can be 
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used in meta-analyses with comparable phenotypes in other populations. It would be of interest to 

conduct similar GWASs with larger samples and supplemented with clinical examinations. The results 

emphasize the need for further research on the genetics of periodontitis, on larger sample sizes in more 

non-homogenous populations and for more standardized definitions of phenotypes. 
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1 Introduction  

Periodontitis (PD) is an inflammatory disease resulting in breakdown of the supporting structures of 

teeth. The disease progress is controlled by a complex interplay between numerous factors including 

host factors, microorganisms and lifestyle. It seems clear that some individuals are more susceptible to 

periodontal breakdown than others and it is now evident that the immunological response of the host 

has a major effect on the susceptibility and the development of PD. These responses are by a large part 
regulated by genes.  

Periodontitis has been considered a potential constant source of infection and inflammation 
influencing numerous systematic diseases and complications, such as coronary heart diseases and 
cardiovascular diseases, low birth weight, insulin resistance and diabetes, obesity and rheumatoid 
arthritis, increasing their morbidity and mortality rates.2–5 Some recent studies have suggested 
bidirectional interrelationship between PD and some systematic diseases.6,7 In light of these findings it 
would be beneficial to know and better understand the function of certain genetic factors involved in the 
development of periodontitis, better than we do now. 

Researchers have focused on identifying genes and genetic variants of significant relevance in the 
development of periodontitis and aimed to identify the pathways by which numerous factors play a role 
in order to better understand the disease. Even though the understanding of genetics in regard to PD 
has increased in the last two decades the current knowledge is still limited. Extensive sequencing on 
the whole human genome is now possible, allowing comparison of population genomes using genome-
wide association studies (GWAS) in attempt to identify possible genetic variants in common for 
periodontal patients. Identifying causal variants might aid in the understanding of the mechanism and 
provide new treatment approaches. 

This is the first study in Iceland to retrospectively analyze a large set of orthopantomogram (OPG) 
radiographs for signs of periodontitis and to use the derived phenotypes to look for genetic variants 
associating with risk of the disease. A large number of patients was screened and divided into groups 
of individuals with and without signs of periodontitis, using panoramic radiographs (OPGs) only and then 
GWAS was performed, using these data as phenotypes. 

1.1 Periodontitis 
Periodontitis is a multifactorial inflammatory disease, resulting in breakdown of the supporting tissues 
of the teeth, collectively called the periodontium. The periodontium consists of the gingiva, the 
periodontal ligament (PDL), cementum of teeth and the alveolar bone proper. The main role of the 
periodontium is the attachment of teeth to the bone of the maxilla and mandible, thus forming a functional 
unit.  

In short, inflammation in the periodontium activates the host’s immunological responses that leads 
to the activation of various cells and mediators through numerous pathways. This includes the activation 
of osteoclasts that cause resorption of the tooth-supporting alveolar bone. With time bone levels 
decrease, tooth mobility increases and this can eventually result in loss of teeth. Clinical diagnosis of 
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periodontitis is confirmed if the probing pocket depth measures more than 3-4 mm, pointing to a loss of 
attachment and if bleeding on probing (BoP) is observed, which points to an inflammatory state at that 
particular site.8 On the other hand, no bleeding on probing is a valuable sign of a healthy periodontium. 
Findings of bleeding at the same site measured at certain intervals increase the positive predictive value 
for breakdown at that site.9  

Historically it has been recognized that the primary cause of periodontal inflammation is of bacterial 
origin. Potential periodontal pathogens are a frequent finding in supragingival plaque, suggesting it is a 
possible reservoir for species that might play a role in the initial development of periodontitis.10 
Therefore, controlling and removing supragingival plaque has been shown to be an effective preventive 
measure. It is clear that plaque induces gingivitis, that is, an inflammation of the gingiva. Gingivitis affects 
the gingival soft tissue alone, but not the periodontium as a whole and is diagnosed clinically if gentle 
probing provokes superficial bleeding. With improved oral hygiene, thus removing biofilm, gingivitis is 
reversed. However, further progression of gingivitis may lead to development of periodontitis, where the 
inflammation not only affects the gingiva but irreversibly affects other supporting tissues of the teeth as 
well. Therefore, all individuals with periodontitis have or have had gingivitis at one point and gingivitis 
has commonly been considered an early stage periodontal disease. It is however clear that not all cases 
of gingivitis will lead to periodontitis and the presence of periodontal pathogens does not necessarily 
cause a disease.  

Periodontitis is a complex disease. Susceptibility to PD varies significantly between individuals and 
it is now clear that the susceptibility is determined not only by specific pathogens but by numerous other 
factors as well and is modified by a complex interplay between those factors. Some factors may modify 
and determine the susceptibility to the disease or the host’s responses while others do not, resulting in 
various different phenotypes of the disease. Those factors are often referred to as periodontal risk 
factors or risk indicators. 

1.2 Periodontal risk indicators  
Factors that may modify or affect the susceptibility to or the development of a disease are often referred 

to as risk factors. Many of the factors playing a role in periodontitis are yet to be identified as true risk 

factors as their significance has not yet been proven with powerful evidence, such as by longitudinal 

studies and should therefore be referred to as risk indicators. Therefore, the term risk factor implies 

greater significance of evidence for association with PD than does the term risk indicator.11 The term 
risk indicators associated with PD may indicate an exposure, an attribute, a characteristic or behaviour 

that has been associated with disease-related conditions, such as increased probability of subsequently 

measurable change or loss in the periodontal supporting tissues. 

For periodontitis, at least five domains of risk indicators can be distinguished (Figure 1).12 These 

include environmental factors, such as the presence of pathogens, lifestyle factors, such as oral 

hygiene, diet and smoking, overall health status and genetics, as well as other factors, such as occlusal 

factors, tooth alignment, functional and/or iatrogenic factors. These factors coexist and are presented 
simultaneously, however in a different manner between individuals. Factors affecting periodontitis that 

do not respond to treatment or intervention and are intrinsic to the individual, such as age, gender, race 
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and genetics, are referred to as non-modifiable factors. On the other hand, modifiable factors can be 

changed or altered, for example environmental factors, oral microbiota and lifestyle factors and thus it 

is often possible to affect the disease development. 

 

 

Figure 1: The multicausality model for periodontitis.12  

 

1.2.1 Bacterial flora 

Different amounts of different bacterial species may have various effects on the pathogenesis of PD, 

such as being associated with early onset forms of PD and/or a higher rate of progression. Therefore 
different species may possess different potential for causing periodontitis.11 It has been shown that a 

the microbial composition of supragingival plaque changes as the plaque ages and develops. In early 

stages the microbial biofilm is usually predominantly comprised of gram-positive cocci but gradually 

shifts to one predominated by gram-positive and gram-negative rods, including Actinomyces, and later 

includes spirochaetes in higher proportions. On the whole, there is a shift in the microflora from a 

relatively aerobic composition to a more anaerobic one.13  

The concept of dividing the bacteria of subgingival plaque into complexes that combine efforts and 

function together has been considered a fundamental one (Figure 2).8,14 The bacterial species belonging 
to the red complex, P. gingivalis, T. denticola and T. forsythia as well as Actinomyces species, have 

generally been of greatest interest in periodontal studies and considered to be the ones most associated 

with periodontal disease because of their virulence factors. In contrast, green and yellow complex 

bacteria have been linked more to healthy and normal periodontium. Subgingival samples have 

generally been shown to present significantly higher proportions of red and orange-associated complex 

species, whereas the supragingival plaque is mostly comprised of green and purple complex species, 

in addition to Actinomyces species. It is evident that with increased bone resorption there is a 
considerable increase in red-complex bacteria in subgingival plaque.10,15,16 
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Figure 2: Bacterial complexes as described by Socransky.14  

 
It has been shown that the presence of specific bacteria does not necessarily mean progression of 

PD. Rather, it is the quality of the entire ecology that matters. The ecological plaque hypothesis suggests 

that a shift in proportions of bacterial species in the oral cavity may be due to changes in the oral 

environment. This means that a disruption of the normally balanced bacterial flora in the oral cavity, 
such as due to changes in diet or lack of proper hygiene causing bacterial biofilm to accumulate, may 

result in overgrowth of dominant pathogenic bacteria that cause disease. This can lead to a chronic 

infection and inflammation in the periodontium which then activates the immunological response in the 

body causing breakdown of the supporting tissues of the periodontium.8,17,18  

Today it is also considered clear that not only do the bacteria of dental biofilm affect their 

environment, but the environment seems to have an effect on the bacteria flora as well. This has led to 

the development of a more recent hypothesis on periodontal pathogenesis, the so-called keystone-

hypothesis, which proposes that the presently known (and possibly unknown) specific pathogenic 

species can manipulate and alter the resident microflora into a dysbiotic one and affect the inflammatory 

response of the immune system in ways that lead to periodontitis.8 The growth of subgingival pathogens 

can result in variable changes in the oral environment affecting the adjacent periodontal tissues, such 

as nutritional dependencies and communication between various bacterial species.8,14,19 

Studies have shown significant changes in bacterial gene expression when a bacterial biofilm is 

formed, which may lead to extensive alterations in bacterial phenotypes when binding to surfaces in the 

oral cavity, for example increasing their virulence.20,21 Binding to certain receptors might induce radical 
changes in gene expression of the host as well, for example by altering the components of the innate 

and inflammatory response and in turn increase the bacterial virulence.22–24 An important consequence 
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of changes in microbial properties of a biofilm community is an increased resistance to the clearing 

mechanisms of the host, followed by reduced susceptibility to chemical antimicrobial agents.25–28 

Additionally, acquired antibiotic resistance genes have been found in many oral bacterial species.29,30  

As mentioned above, many factors affect the role that the bacterial biofilm has in the development 

of periodontal disease. Those include host factors, e.g. genetic factors and lifestyle habits, factors in the 

oral cavity, such as various receptors on the oral surfaces and the species that have already inhabited 

these surfaces and factors of the oral fluids that provide nutrition for the bacteria.14  

1.2.2 Smoking 

Certain lifestyle factors seem to markedly affect the development of periodontal breakdown. Today, 

smoking is considered a major established risk factor for periodontitis.31–40 Smoking increases the risk 

of periodontal breakdown, both when measured as loss of clinical attachment as well as when measured 

as loss of alveolar bone. Studies show that the risk for having periodontitis, with/without  periodontal 
tissue loss increases from 2 to 7 fold for those who smoke compared to nonsmokers.37,41–44 It has been 

shown that current smokers exhibit more attachment loss than former smokers (defined as abstinent for 

two years), while never-smokers show the least attachment loss compared to the other two groups. 

Furthermore, the likelihood of smoke-related PD development has been shown to be dose-

dependent.37,44,45 Interestingly, it has also been shown that non-smokers who have been exposed to 

environmental tobacco smoke seem to be more likely to develop PD than others who have not.33  

1.2.3 Health status 

Studies reporting links between poor status of general health and periodontitis are numerous. This 

includes nutritional deficiencies and systematic diseases. Diabetes mellitus (DM), type II diabetes, has 

been established as a major risk factor for severe PD, yet the relationship between the two seems to be 

bidirectional.6,7 Diabetics have been reported as having significantly higher prevalence of severe PD 

compared to nondiabetics (60% vs. 40%, respectively)46,47 and to have higher percentage of teeth 

affected by PD than non-diabetics.48 The odds ratio of a diabetic individual having attachment loss has 
been estimated as much as 2.3, compared to non-diabetics.43 The effect of DM on periodontal status 

seems to be more pronounced in individuals with a longer duration of and more poorly controlled DM, 

suggesting effect in a "dose-dependent" manners.49–52 

Several other systemic conditions seem to be plausible risk indicators for periodontitis, e.g. immune-

diseases, obesity and osteoporosis. Some types of medication and psychosocial factors may also affect 

the periodontal status by various mechanisms of different extent and complexity.  

1.2.4 Race, ethnicity and socio-economic status 

Some studies have shown a difference when comparing the prevalence of periodontitis in adults of 

different racial and ethnic groups.11,53,54 Yet, no consistent pattern has been documented in the 

prevalence of periodontitis for different racial and ethnic groups within a given population, after 

controlling for other co-variates, such as age and oral hygiene.8 One explanation for this might be 
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differences in socio-economic status (SES), reflecting the effect of dissimilar opportunities between 

certain racial groups.  

Many studies have suggested that socioeconomic disparities can contribute to disproportion in oral 

health status between different subgroups and SES is thought to be a relatively good risk indicator for 

periodontitis. Studies have reported that groups of low SES are at higher risk of having PD than groups 

of higher SES, some reporting twice the prevalence for the lowest level of SES compared to the highest 

level of SES. This goes for both poverty and education.55 Increased risk level in lower SES groups 
seems to be attributed to behavioral and environmental factors.56–60 

1.2.5 Age 

The general consensus is that there is a correlation between age and periodontitis and this relationship 

has been addressed in many studies. It is clear that with age both prevalence and severity of 

periodontitis increases, although while the effect on pocket depth seems to be minimal there is a 
pronounced effect on increased attachment loss.17,55,61 The fraction of the population that is affected by 

the severe forms of PD seems to reach the highest level at the age of 50-60 years and the occurrence 

of increased toothloss, caused by periodontitis, after this age seems to explain the following decline in 

prevalence.8,48,62 

However, it is debated whether or not PD is a consequence of becoming older or if prolonged 

exposure to confounding factors has an amplifying effect on the attachment loss. There is evidence that 

the effect of aging may be reduced after adjusting for the effects of true risk factors and it is therefore 

considered likely that the cumulative effect of the disease on older people explains the increase in 
prevalence of periodontitis, rather than aging itself. In other words, increased prevalence is likely more 

age-related than age-dependent.8,17,63 

1.2.6 Gender 

There seems to be no evident difference between males and females regarding the susceptibility to 

periodontitis. However, multiple studies have shown that PD is more prevalent in men than in women, 
in most age groups, both for periodontal tissue loss and for probing depth.11,17,18,43,55,61 The difference 

has been considered to be related to better hygiene practices among women, with men having more 

teeth with dental calculus, and/or increased use of oral health care services among women than men. 

Yet, this difference might be related to gender-related differences in physiology and behavior as well as 

in elements of both innate and acquired immunity. This might lead to a more aggressive immunological 

response in males than in females, therefore causing to the higher risk of PD in males.8,17,18,61 

1.2.7 Genetics 

Today, it is the general opinion that individuals suffering from periodontitis have some genetic risk factors 

in common. Findings of many recent studies suggest that increased risk for PD may partly be due to a 

biological predisposition or genetics. Indeed most studies propose potential gene-environment 

interactions.64–67 However, the genetic factors that contribute to the pathogenesis of PD have not yet 
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been fully identified. Due to this and the fact that in this current study the genetic basis for PD is of 

special relevance, this subject will be discussed in more detail in Chapter 1.5. 

1.3 Epidemiology 
Even though there are many studies on the matter, it is obvious that exact numbers on the prevalence 

and occurrence of periodontitis are not very well known. Concepts and perspectives in both descriptive 

and analytical epidemiology of PD have changed and evolved over the years and many different index 

systems and definitions have been developed and used. Therefore, registration often varies 

considerably between studies and comparison of studies on prevalence is at times very difficult and 

often even impossible. 

Generally, periodontal pathologies, such as loss of function or disintegration of the periodontium, 

have been referred to as periodontal diseases. Studies on periodontal disease have had many different 
designs and have used different methods, including epidemiological studies, clinical studies and studies 

that evaluate treatment needs and different studies rely on dissimilar registration methods. For example, 

until the 1980’s studies customarily addressed prevalence by classifying individuals as either having 

periodontal disease or as being free of it, based on the presence or absence of attachment or alveolar 

bone loss, whereas more recent studies consider to which extent the dentition is affected by periodontal 

breakdown, i.e. the percentage of the tooth sites involved, describing the variability in the severity of the 

disease, demonstrated as a degree of periodontal breakdown, within and between individuals.  

In the U.S. several national surveys have been performed since the 1960’s. These studies differ in 

methodology, using either the partial mouth periodontal examinations (PMPE) protocol in the earlier 

surveys or the full mouth periodontal examination (FMPE) protocol in the more recent surveys, which 

indisputably affects comparison of results. Additionally the earliest US surveys assessed periodontal 

status visually whereas later surveys assess pocket depth measured by probing as well as gingival 

recessions at different number of sites.68,69 In the NHANES III (1988-1994), using the PMPE protocol, it 

was estimated that at least 35% of dentate US adults had periodontitis (defined as attachment loss of 

≥ 3 mm, together with a probing depth of 3 mm at the same sites). 21.8% were found to have mild form 
of periodontitis whereas 12.6% presented a moderate to severe form.48 In contrast, The NHANES 2009-

2010, using the FMPE protocol, showed that the total prevalence of periodontitis in adults was 47.2% 

and prevalence of mild, moderate and severe periodontitis was found to be 8.7%, 30.0% and 8.5%, 

respectively.69 Recent studies estimate that there is a severe underestimation of prevalence in the 

previous studies using the PMPE protocol compared to the more recent ones using the FMPE protocol.61 

The NHANES 2009-2010 estimated that 64% of adults aged 65 years had severe or moderate 

periodontitis, compared to earlier estimates of 26% and 17% in the NHANES III and NHANES 1999-

2004, respectively. Recent studies suggest that periodontitis affects approximately half of the US 
population aged ≥ 30 years.70  

In contrast to the US studies, few reliable studies on the European population are available. An 

article published in 2002 showed that in Europe, little or mild bone loss and attachment loss was quite 

common while prevalence of severe PD was found to be much lower or around 10%.71 Very few 
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comparable studies on the prevalence of periodontitis in the Icelandic population are available. The 

results from a long-term study on the Icelandic population were published in 1968.72 The study used the 

Russell Index where each tooth present is examined and given a score.73 The study estimated that > 

90% of Icelandic individuals aged 4 years and older had periodontal disease of some form, including 

gingivitis. Only about one third (33%), of the population had a periodontal pocket at one tooth only, 

meaning that most individuals with PD had problems around more than one tooth. Yet it showed that 

45% of the population had a relatively healthy periodontium, demonstrating pocket depths of around 3 

mm, while most individuals with pockets > 3 mm had them at multiple sites. Of those having pocket 

depth of 5-7 mm 20% had pockets at 3-5 sites and 10% at 6-58 sites. Approximately 10% were 

diagnosed with severe periodontitis, with pocket depths measuring ≥7 mm.  

As discussed above, many systems and "non-systems", index systems and definitions have been 

used for classification of periodontal diseases through the years so registration often varies considerably 

between studies. Even the European Federation of Periodontology (EFP) and the American Academy 

of Periodontology (AAP) have classified PD in different ways over the years and there is a substantial 
confusion in the field. The aim in the recent years has been to simplify the system and with increasing 

knowledge on periodontal diseases the classifications have changed.  

For the last two decades or so, the periodontal community has mostly followed the classification of 

two distinct phenotypes of periodontitis; aggressive periodontitis (AgP) and chronic periodontitis (CP). 

For that reason, further reviews on available information and past studies in the current study are mostly 

based on this classification. However, today the two phenotypes are considered less distinct than 

previously assumed and thus may not really be separate entities, considering that they share many risk 
factors, including genetics.12 By a joint effort of the EFP and the AAP, at the 2017 World Workshop on 

the Classification of Periodontal and Peri-implant Diseases and Conditions, a new classification system 

for PD was developed, based on multidimensional staging and grading system of clinical signs and 

symptoms, which can be adapted over time with new and emerging evidence.74 According to this most 

recent classification of periodontitis (2017) three forms of are now recognized; necrotizing periodontal 

disease, periodontitis as a manifestation of systematic diseases and periodontitis (formerly recognized 

as the two separate groups; AgP and CP) (see Table 1).  
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Table 1: The classification of forms of periodontitis developed at the 2017 World Workshop. 

 

Despite all the above mentioned confusion in definitions and methodology it is clear that periodontitis 
affects the majority of the adult population and is not evenly distributed in the mouth. Yet, it seems 

evident that only a limited group of individuals in any population is particularly susceptible to periodontal 

breakdown and that advanced periodontitis is not evenly distributed in the adult population.75–77 A 

relatively small portion of the adult population seems to either have no signs or progression of PD (10%), 

a similar percentage has more advanced, severe signs of rapid progression of PD (10%) and finally 

more than half of the population (often up to about 80%) has only moderate signs and progression of 

PD, of a degree somewhere in between the other two groups.8,69,72,77 The overall regression of bone 

levels seems to be slow, with mean annual rate of initial progression of PD been between 0.05 and 0.07 
mm/year while the mean annual attachment loss rate for early onset PD is measured considerably more 

or around 0.17 mm/year. 69,72,77–85  

It is certainly clear that standardized international definitions are needed for better classification at 

diagnosis and for development of more concrete numbers on the prevalence of PD for more reliable 

comparison and more accurate results of periodontal studies in the future.  
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1.4 Radiographs 
Supplementary to a clinical examination, radiographs are important tools for diagnosis, planning and 

treatment of periodontitis. It is generally accepted that radiographs provide valid estimates of the extent 

and severity of PD.86–88  

A vertical distance of 3-4 mm between the cemento-enamel junction (CEJ) of a tooth and the 

alveolar bone crest (ABC) is considered normal and healthy and this can be measured on radiographs.89 

A vertical distance between the ABC and CEJ (ABC-CEJ) exceeding 3-4 millimeters indicates a loss of 

supporting bone. Bone loss may be expressed in millimeters or as a ratio; either root-to-bone ratio or 
crown-to-root ratio. Generally, in clinical studies the clinical crown is used as a reference point, whereas 

in studies using radiographs the anatomical crown serves the same purpose.  

Factors influencing the periodontal status as displayed on radiographs can have an important 

influence on the choice of treatment. These factors include bone levels, morphology of roots, furcations 

and bone, bone defects and bone lesions, bone density, cysts and other non-periodontal lesions as well 

as calculus, caries lesions, overhangs and cementum defects. Radiographs can aid in diagnosis of 

periodontitis if accurate periodontal probing is difficult, i.e. if calculus, fillings or an artificial crown limit 

access or if root surfaces are rough. Length of roots, which can also play an important part in evaluating 
periodontal status and treatment outcomes, is impossible to measure clinically but can easily be 

assessed using radiographs.90  

Nevertheless, there are some limitations of oral radiography when describing loss of periodontal 

structures. Radiographs only exhibit the bone levels as presented at the time the radiograph is taken 

but do not show if there is active periodontitis or not. Even if the disease has already been treated the 

resulting bone loss is still visible on the radiographs. A combined clinical periodontal examination and 

regular radiographic examination for comparison is considered optimal, allowing the clinician to observe 
and validate the periodontal state and the progression of the disease. Therefore, again, radiographs do 

not substitute clinical diagnosis, but should supplement clinical examination for diagnosis and treatment 

planning.8,88,91–93  

Studies on which type of radiographs are best suited for the diagnosis and treatment of PD are 

numerous.86–88,94–97 Until recently, periapical radiographs have generally been considered the method 

of choice and preferred as the best option, followed by bitewings and lastly, panoramic radiographs 

(OPGs).94,96,98. Yet, some studies report that panoramics, bitewings and periapical radiographs show no 

difference in their sensitivities to PD.99 Furthermore, some studies show that all radiographic methods 
underestimate actual bone loss, to a variable degree.94  

Periapical radiographs have many advantages, including that the measurement error is considered 

small and they are easily reproducible for comparison.89 When periapical radiographs are used the 

paralleling technique is considered the method of choice, giving a better geometrical perspective on the 

supporting bone than does the bisecting angle technique. Posterior bitewing radiographs have 

commonly been considered accurate as well. Bitewings can offer satisfactory information on the 

periodontal status of patients with no to mild bone loss, but might not be useful in the case of severe 
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bone loss as the bone margin may be outside the frame. Recently there has been a pragmatic shift by 

many clinicians towards digital panoramic radiographs, such as the OPGs. Even though OPGs are often 

thought to be less accurate than periapical radiographs, the estimated difference in bone defects 

detection is so small that it has little or no effect on treatment planning and the final treatment of the 

patient.89 

Until recently, the gold standard for diagnosis of periodontitis was a full clinical periodontal 

examination supplemented by a full mouth intraoral periapical radiographic status. Today the method of 
choice is generally thought to be the combination of clinical examination, an OPG supplemented by a 

limited number of intraoral radiographs in addition, for both teeth and implants.89,100,101 Yet, no evidence 

clearly supports any scientific guidelines on the selection or number of additional radiographs.100,102  

In any case, it is important to always consider radiation exposure, keeping in mind the patient’s 

health. Even though newer digital radiographs require smaller radiation dosages than their conventional 

predecessors, radiation exposures should be kept to a minimum and each radiation exposure should 

be justifiable. Most recommendations, including European guidelines on radiation protection in dental 

radiology, suggest that a radiograph is only to be taken when it really matters, e.g. if it might change 
diagnosis of teeth, their prognosis or treatment plans and if it in other ways would clearly benefit the 

patient.8,89,96,100 Therefore, the decision to take additional radiographs should be made on the basis of 

clinical findings and appearances of the OPGs.89,96  

When examining and assessing the periodontal status of patients in a general dental practice pre-

existing radiographs are often available from prior treatments, such as bitewings for caries assessment 

and OPGs for wisdom teeth assessments. This might eliminate the need for taking additional 

radiographs, minimizing the dose of radiation.89,100 If a pre-existing OPG is available for any reason, that 

OPG alone may be sufficient for a periodontal treatment decision making.  

1.4.1 Panoramic radiographs (OPGs) 

Panoramic radiographs, such as OPGs, have frequently been used in cross-sectional epidemiologic 

studies to assess the effect of periodontitis on the supporting tissues. Many studies have shown that 

the diagnostic accuracy of OPGs is comparable to intraoral radiographs and might be just as reliable in 

evaluating periodontal status as taking a full mouth intraoral radiographic status.71,88,89,99,103–106 Today it 
is generally accepted that a panoramic oral radiography, such as the digital OPGs, produces satisfactory 

and acceptable images for measuring interproximal bone loss and for assessing periodontal status. 

Additional advantages of OPGs include comfort for the patient, easy handling of the radiographs, time 

efficiency, cost and often lower radiation exposure. 

Even though OPGs allow good visualization of most dental and anatomical structures in the maxillo-

mandibular complex they also have limitations. It is important to keep in mind that OPG radiographs are 

two-dimensional (2-D) images representing three-dimensional (3-D) structures and that panoramic 
radiography produces flattened and spread-out images of curved structures, resulting in a distorted 

image of structures of various degree and their position in relation to one another on the final image. 



12 

Examples of the distortion of panoramic radiographs are, overlapping of structures, magnification or 

reduction of structures and loss of sharpness, to mention but a few.107  

Due to the curvature of the dental arches the panoramic machines have changing rotational centers 

where the X-ray beam rotates and changes position to account for this curvature of the maxillo-

mandibular complex. This establishes a better position of the curved structures inside a specific focus 

zone, called the focal trough. The focal trough is a narrow, curved zone within which all structures of the 

maxilla and mandible will be in focus on the final image. The most frequent error in panoramic 
radiography seems to be the patient’s positioning in relation to the device.108  

Importantly, each panoramic image demonstrates a certain inherent magnification factor in both 

vertical and horizontal dimensions that varies considerably.109 The magnification affects dimensions in 

the horizontal plane more than in the vertical plane.109–111 Most studies demonstrate that horizontal 

measurements are more unreliable and that they have more variation in magnification compared to 

vertical measurements whereas vertical measurements seem to have better accuracy and 

reproducibility in contrast to horizontal measurements. The horizontal dimensions are mostly affected 

by the rotation center of the X-ray beam, whereas it changes in relation to the distance between the 
object and the sensor, while this does not affect the vertical dimensions as much. It seems that the 

degree of horizontal magnification is largest in the anterior region in the mandible, depending on the 

distance from the focal trough as well as the location of the structures within the focal trough itself. 

Vertical magnification is mostly determined by the distance between the X-ray source and the object, 

as well as the distance between the object and the sensor. Various factors, such as patient position, 

equipment types, anatomic location in the dental arches and jaw size and shape may have additional 

effect on the degree of magnification.112–114  

1.5 Genetics 
It is clear that different host factors play a part in the development and progression of periodontitis. 

Individuals having different antimicrobial immune response therefore exhibit variable degrees of bone 

loss and a different rates of disease progression.14,115–124 At least some of the factors playing a part in 
the development of PD are regulated by genes. To better grasp the idea of the genetics behind PD it is 

important to get some view and understanding of the basics of genetics in general.  

First of all; the genome is comprised of chromosomes. Each chromosome holds the DNA that carries 

the genetic information and is made up of multiple genes (Fig. 3). Each gene has a specific fixed location 

or a position on a chromosome, called a locus. Overall, most human genes are the same in all 

individuals, or up to about 99.9%. Therefore, only a very small number of genes or less than 0.1%, 

differs and differs only slightly between individuals. These are referred to as alleles or allelic variants 

(Fig.4). Alleles can be considered to be different forms of the same gene, having small differences in 
their nucleotide sequence that makes up the DNA. These small differences contribute to each 

individual’s unique physical features, referred to as phenotypes. However, the collection of genes or 

alleles responsible for a genetic trait is referred to as a genotype. 
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Figure 3: The genome is comprised of chromosomes. Each chromosome holds the DNA and is made up of 

multiple genes.  

 

Figure 4: A fixed location of a gene on each chromosome is called a locus. Different forms of the same gene 

are called alleles. 

 

Further adding to the genetic difference between individuals are possible genetic alterations that 

may modify the gene’s protein product as well as the level or amount of the proteins produced, affecting 

the originally anticipated outcome. Genetic alterations may have different functional outcomes that can 

range from no noticeable change to a very substantial change. This change can even eliminate the 

function of the protein function, possibly resulting in some form of a disease. 

1.5.1 Simple vs. complex diseases 

Traditionally genetic diseases have been divided into two groups, based on the pattern of transmission 

or heritability of the disease. They are often referred to as either "simple" Mendelian diseases or 

"complex" diseases.117 A major difference in the genetic basis for simple Mendelian diseases in contrast 

to complex diseases is the number of genes involved and their contribution to the overall presentation 

of a disease or the phenotype. 

 "Simple" genetic traits, diseases or conditions, that follow Mendel’s law of inheritance (autosomal 
dominant, autosomal recessive or X-linked) occur in simple patterns in families, following considerably 
predictable patterns of transmission from one generation to the next. These simple diseases are most 
often caused by alterations at a single gene locus that are the major determinants of the phenotype of 
a disease. Given the rather simple genetic etiology these gene disorders are relatively well understood. 
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An example of a disease that follows this mode of inheritance is Huntington’s disease, which is an 
autosomal dominant disease meaning that an individual needs only one copy of the defective gene to 
develop the disorder. These types of genetic alterations occur in less than 1% of the population and are 
termed mutations. These alteration can modify gene products dramatically and thereby affect other 
biological processes or they can even eliminate genes and their products completely.117  

Diseases that follow more complex patterns of inheritance are different from the Mendelian ones 
due to interaction of alleles at multiple different gene loci. When a specific allele occurs in at least 1% 
of the population it is termed a genetic polymorphism and is more common than mutations. 
Polymorphisms are considered rather normal variants in a population, resulting in relatively minor 
changes and function within the normal range. They are therefore less disruptive than variants in simple 
diseases.117 In the case of complex diseases it is important to recognize that there is not a direct 
correlation between the presence of a specific gene allele and the occurrence of a disease. It is 
important to understand that disease alleles reported to be associated with a complex disease are also 
found in unaffected individuals and the presence of a disease-associated allele in an individual is not a 
diagnosis for the disease. Rather, specific alleles are reported to be found with different frequency in 
individuals with a complex disease than in unaffected controls. Therefore, it is of great significance to 
assess many factors to be able to interpret the meaning of a polymorphism presented, including the 
frequency of an allele in the population tested as well as being able to quantify the magnitude of the 
effect the allele has on the disease process.117  

A few genetic studies on families have suggested that the pattern of disease transmission for severe 
types of PD, such as the formerly termed aggressive periodontitis (AgP), are consistent with Mendelian 
inheritance of a gene of major effect.125–131 Various monogenetic syndromes, e.g. Papillon Lefevre 
syndrome, present severe periodontitis as a part of the disease manifestation which is considered 
significant in demonstrating that a genetic mutation in a single gene locus can pass on increased 
susceptibility to periodontitis. Studies using segregation analysis approach have indicated that the likely 
mode of inheritance is autosomal dominant. However, this approach may not take into consideration 
exposures to lifestyle and environmental factors that a group of subjects may have in common, such as 
smoking, diet, etc. In addition, most of the investigations supporting the idea of Mendelian inheritance 
of AgP were performed in African-American populations. It is therefore possible and even likely, that 
other modes of inheritance may exist in different populations and it is unlikely that all forms of AgP are 
related to the same genetic variant.125,126,128,129  

The most currently available evidence suggests that genetic risk of periodontitis in general is 

associated with common DNA sequence variations with small effects, in multiple in genes resulting from 

alterations, or polymorphisms of a single nucleotide, called single nucleotide polymorphism (SNP), 

rather than from single gene mutations.117,132  

1.5.2 Single nucleotide polymorphisms (SNPs) 

SNPs are the most common type of genetic polymorphism, occurring in more than 1% of the population 

and are believed to be responsible for most of the phenotypic difference in the human genome. Some 

SNPs occur more frequently, ranging from 20% to 50% and are certainly polymorphisms that associate 
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with disease.117 SNPs occur in various locations in the genome, both in regions encoding genes and 

non-coding regions of genes and in regions between genes as well.  

As mentioned before, the difference in polymorphisms contributes to the diversity in disease 

phenotypes, depending on the consequence of the genetic variant on gene function and/or the protein 

product. In most cases this kind of genetic alterations will result in notably similar phenotypes, although 

these alterations may cause protein products to operate somewhat differently. For example, in the case 

of periodontitis, the genetic alterations can lead to an increase or a decrease in host reaction, such as 
to certain microbial agents, possibly making individuals more susceptible to the development of PD. 

This may result in different phenotypes of the disease, especially in combination with unfavorable 

environmental and lifestyle factors. 

Investigation studies on SNPs associating wiith periodontitisi have focused on numerous genes 

playing various roles, especially in the immune system and much attention has focused on 

polymorphisms associated with the genes involved in cytokine production.119,133 An example of interest 

is the production rate of the inflammatory cytokines IL-1 and TNF-a which seems to vary between 

individuals. It has been hypothesized that genetic variations in the expression of these cytokines, 

resulting in hyperproduction and in increased bone resorption and breakdown of periodontal tissues, 

might be important risk markers for severe periodontitis, such as the formerly termed AgP and adult 

periodontitis.133–135  

1.5.3 Environmental effects and epigenetics 

The difference in the modified protein products following genetic alterations may be further enhanced 

by certain environmental factors and exposure. These include factors such as smoking, dietary habits, 

microbial factors and other genes, adding to and modifying the clinical presentation of a disease. In 

other words, the environment might modify genetic alterations with time and have a considerable effect 

on the expression of the disease. For that reason it is important from an etiological standpoint to consider 

the effect environmental factors have in the development of complex diseases. This also explains why 
it is more complicated to recognize and identify causal links to genetic polymorphisms that are 

associated with complex diseases, such as PD, than it is for simple Mendelian diseases.117  

It is now becoming clear that to fully comprehend the interplay between genetics, environment and 

lifestyle factors it is necessary to consider epigenetic mechanisms of heritage as well. Epigenetic 

alteration is yet another kind of genetic change that may play a role in the expression of PD. This involves 

changes in the chemical structure of the DNA by molecular modifications in both DNA and chromatin 

but does not involve changes in the nucleotide sequence of the DNA. For example these changes 

include methylation of DNA and post-translational modification of histone proteins that bind to DNA in 
the chromosomes.136,137 However to date, only a handful of studies have been conducted on this subject. 

1.5.4  Previous genetic studies on periodontitis   

A variety of techniques have been developed to this day, to reveal the genetic basis of diseases. Some 

methods are general but others are more precise, offering accurate identification of genetic variants or 
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traits, that cause or play a part in the development of a disease. Some approaches study associations 

between genetic variation within some pre-specified genes of interest and specific disease phenotypes, 

referred to as candidate gene approaches, while others, the so-called genome-wide association studies, 

concentrate on identifying variants by scanning the whole genome.  

As mentioned before, it is possible that genetic variation plays a part in different phenotypes of a 

disease. In this context, the two most studied phenotypes of PD are the formerly termed aggressive 

(AgP) and chronic periodontitis (CP). However, it has been discussed at length whether or not the 

genetic factors, including heritability (H2) of those two types are the same for both types.138–140 Heritability 

measures the ratio of the genetic factor to the total variance of phenotypes and has traditionally been 

evaluated by performing twin or family studies with different analytical approaches and, more recently, 

by GWAS studies.1 

Twin-studies on monozygous twins have been used to differentiate variations related to environment 

from those due to genetics, whereas they develop from one and the same egg and share identical 
genes, therefore exhibiting differences more related to the environment rather than genetics. Twin 

studies have in some cases shown convincing results on the heritability of periodontitis, reporting 

periodontitis estimates that vary from around 30% to 50%.9,127,128,138,141 Some twin studies on the 

heritability of CP have shown that approximately half of CP in adults can be attributed to genetic factors, 

with a concordance rate of 0.23-0.38 for monozygotic twins139 and heritability of 50% for dizygotic 

twins.142 Other studies have shown that this connection can mainly be found between genetics and 

AgP.140,143,144 Compared to CP, the prevalence of AgP is relatively low in the general population and 
due to the limited number of affected twins it has been difficult to provide sufficient statistical power. 

However, because of strong familiar aggregation, rapid progression rates and early onset of AgP it is 

generally accepted that genetic factors play an important role in the susceptibility of this phenotype. 

Several family studies have indicated that the prevalence of AgP is disproportionately high among 

certain families, where the percentage of affected siblings may reach 40-50%.8,9,138,140,142 A recently 

published meta-analysis found that the heritability (H2) of periodontitis estimated as 0.38 in twin studies, 

0.15 in other family studies and 0.29 when twin and other family studies were combined.145 The same 

meta-analysis on GWAS studies however, detected a lower heritability estimate of 0.07 for combined 

definitions of periodontitis, which increased with severity of the disease and when association with 

smoking was included. The authors conducting the meta-analysis stipulated that up to one third of 

periodontitis variance in the population is related to genetic factors.  

Numerous studies have been performed on the various SNPs and their association with specific 

forms of PD.145 Before the GWAS approach, genetic risk factors were mostly studied using a candidate 
gene approach, focusing on likely candidate genes as risk factors for periodontitis. However, results 

remained questionable and few genes were found to be of importance. Most candidate gene studies on 

periodontitis show conflicting results and inconclusive correlations between the presence of disease and 

the SNPs being tested, for both aggressive and chronic forms of periodontitis.146–162 However, one 

extensively detailed replication study has reported that association was found between the gene of IL-

10 and AgP, when adjusted for smoking and gender.8,163  
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1.5.5 Genome-wide association studies (GWAS) 

The genome-wide association study (GWAS) is a relatively recent approach in genetic studies. In short, 
a GWAS is a study based on comparison of frequency of genetic variants in the genomes of large groups 

of cases compared to controls or in same-group distributions of quantitative traits (e.g. height), to look 

for variants that associate with a trait or a disease (Fig. 5). 

 GWAS studies were introduced, in a time sometimes referred to as "the era of genetic gold rush". 

A spike of GWAS studies in 2007-2010 changed the way genetic research was conducted and hugely 

affected various genetic studies and projects. In the last decade or so, technology has advanced and 

approaches have developed to a point that extensive sequencing on the whole human genome is now 

possible, allowing comparison of population genomes in attempt to identify possible genetic variants. 
GWAS studies have improved the understanding of the part that common variants play in the etiology 

of complex diseases and many of the presently known common genetic risk factors of complex human 

diseases were identified using GWAS studies.164,165  

GWAS methods of case control studies use SNP arrays to search for variants by comparing groups 

of individuals, both with and without a trait, to identify the association of specific gene alleles and 

diseases. Variants associated with a disease are found at different frequency in those that have the 

disease (cases) than in those who do not (controls). Statistical analysis is then conducted to 
demonstrate if the identified variant is associated with the disease. The statistical significance of the 

difference in frequency of the allele tested between the two groups is indicated with a P-value. GWAS 

identifies the DNA region involved with the trait or the disease, which is then used to point out the specific 

gene involved and the SNPs that associate with risk of the disease. GWAS results are often displayed 

in a Manhattan plot, with -log10(P-value) plotted against the position in the genome. Variants reaching 

a certain genome-wide significance threshold are considered to be associated with the studied trait or 

a disease. 

 

Figure 5: A general overview of the utility of GWAS. A comparison is done on SNP frequencies in DNA of 

two groups of individuals; with a trait (patients/cases) and without a trait (non-patients/controls). 

Variants/SNPs associated with a disease are found more at significantly different frequency in cases than in 
controls, when adjusting for number of SNPs tested.  
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1.5.5.1 Genome-wide significance thresholds  

GWAS has traditionally been based on imputing genotypes for variants from the HapMap Project.166 
Until recently the consensus approach was to assign equal prior probability of association to all variants 

tested and to use the genome-wide significance threshold of P = 5 x 10-8, which is based on a Bonferroni 

correction for all the independent common SNPs across the human genome.167 However, this former 

consensus approach to GWAS is now considered outdated and a universal threshold is no longer 

considered acceptable.1  

It is now accepted that the significance threshold in present and future GWAS should depend on 

the study sample and the number of variants tested, for more precise and reliable results. It is considered 

important to recognize that the variants tested have various frequencies and that GWAS studies include 
both rare and common variants. The minor allele frequency (MAF) in a population is the proportion of 

the least frequent allele at a given chromosomal position and can range from 0.00 - 0.5 (0-50%). 

Common variants have minor allele frequency (MAF) greater than 0.05 (MAF > 5%) and in contrast, 

rare variants occur at a frequency of less than 0.05 (MAF < 5%).168,169 When variants are tested in 

association analysis, one in every 20 variants tested coincidentally gives a statistical significance value 

of P < 0.05. This burden of multiple testing increases with every test and with larger study populations. 

Furthermore, the more the numbers of variant association tests, the more the statistical error increases. 

The P-value c2 statistics must thus be corrected for the number of tests performed. Therefore, a more 

precise, variable genome-wide significance threshold is presently used for GWASs, especially for larger 

association studies.8,168,170   

Information on the functional impact of classes of variants has been used for a class-specific 

Bonferroni procedure used for the threshold for genome-wide significance and has been described in 

detail in a study by Sveinbjornsson et al.1 Today, this is the approach used and supported in research 
conducted by deCODE. Associations are considered significant if the P-value is below a weighted 

genome-wide significance threshold based on variant annotation. Nevertheless, due to available studies 

using this commonly accepted P = 5 x 10-8 threshold, it will be used and mentioned in discussions on 

available results and publications and in comparison, in this present study.  

1.5.5.2 Periodontitis risk variants of genome-wide significance  

To date, several GWAS results for CP have been published, yet no common allele of genome-wide 

significance has been found for the CP phenotype alone.171–176 This might be due to a limited number 

of available case-control samples of this late-onset phenotype. However, GWAS conducted for AgP 

using a combined samples of German and Dutch case-control samples has exhibited association at a 

genome-wide significance level (P = 5.51 x 10-9) within the gene GLT6D1 and AgP.177 Positive findings 

in a Turkish sample of AgP have supported these results, as well as a GWAS in a Sudanese sample.178 

In addition, four common variants have been identified as shared risk variants of both CP and AgP, 
using GWAS.179 Two were identified in a second GWAS in the expanded AgP case-control German 

sample mentioned before, after the most significant associations with CP in the German CP case-control 

sample were validated. These are located at the gene SIGLEC5 and in a region downstream of 
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DEFA1A3, reaching genome-wide significance (P = 1.09 x 10-8 and P = 5.48 x 10-10, respectively).180 

The other two risk loci were identified in a recent meta-analysis using GWAS of AgP and CP. These are 

located within the pseudogene MTND1P5 on chromosome 8 (P = 1.21 x 10-8) and intronic of an lincRNA 

with unknown function, on downstream of the gene SHISA9 on chromosome 16 (P = 9.77 × 10-9).179  

In all cases the statistical thresholds used differed from the one used in this current study, described 

by Sveinbjornsson et al.1 

1.5.5.3 The GWAS catalog 

The NHGRI-EBI GWAS catalog181 was founded by The National Human Genome Research Institute 

(NHGRI) in 2008 and has since 2010 been a collaboration between NHGRI and The European 

Bioinformatics Institute (EMBL-EB). It is a publicly available collection of data from all eligible genome-

wide association studies (GWAS) published, assaying more than 100.000 SNPs and all SNP-trait 

associations with P < 1 × 10-5. The catalog is designed to be freely available and accessible for the use 
of its data and is easily searchable. 

As of 21st of November 2019 the catalog contains data from 4298 publications, exhibiting 161,525 

variant-trait associations.182 To date, 17 markers have been reported to associate with periodontitis or 

periodontitis related phenotypes, reaching the generally accepted P = 5 × 10-8 threshold of statistical 

genome-wide significance. These markers are listed in the GWAS catalog (see Table 2). Yet, the studies 

in which they were identified differ notably in methodology, quality and degree of validity.   

 

Table 2: Markers that have been found to associate with periodontitis or periodontitis related phenotypes (P £ 

10-8) in the GWAS catalog. 
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1.6 Summary  
Periodontitis (PD) is a complex disease. It is clear that many factors of the pathogenesis of periodontitis 

are in many aspects still unknown. We know that not everyone is susceptible to the disease. Gingival 

inflammation develops into periodontitis in some individuals but not so in others. Bone loss varies and 

develops at different rate between different populations, between subgroups of the same population and 

even between different teeth and sites in each individual. It is also clear that not all periodontal cases 

lead to loss of teeth. 

It seems that, in general, the most severe form of periodontitis is only found in a relatively small 
group of individuals, around 10% of the population and that the bone loss and attachment loss increases 

with increasing age.183 Generally, PD seems to have mild or no effect on 10% of the population whereas 

around 80% is affected by moderate symptoms and progression of the disease. Based on a number of 

studies it can be concluded that specific bacteria, smoking and diabetes mellitus are the major 

established modifiable risk factors for periodontitis. However, it is now becoming clearer that genetics 

play a great role in the susceptibility and development of PD through various pathways, including the 

ones of the immune system.  

To date, five common genome-wide significance variants associated with periodontitis have been 

identified nominal significance (P £ 10-8).179 Still, more knowledge and information is needed on those 

variants in order to elucidate the importance of those factors and how they function. Theoretically, many 

hoped GWAS studies would become routine and be of more practical use by now but the fact that many 

diseases, such as PD, seem to be too complex for the use of GWAS as they involve multiple factors, 

genes and pathways in contrast to more simple diseases. While the GWAS approach functions well in 
finding genes associated with simple traits and diseases higher numbers of patients and controls are 

needed as well as more knowledge, e.g. on rare variants, for us to be able to use this technique to 

decode the most common human diseases.  

Although reports on novel variants for periodontitis are increasing the limitations of those reports 

are many. Many studies on complex diseases reporting such associations are often not precise enough; 

important information is excluded or ignored, they follow different designs and approaches and 

therefore, unfortunately, the results are often invalid. Also, the genome-wide statistical thresholds for 

measuring statistically significant association of specific gene alleles and diseases vary between 
studies.  

It can be concluded that more standardized research methods and statistical thresholds is needed 

to allow the use of genetic information in routine treatment and follow-up care of periodontal patients. 

Information and knowledge of the subject is limited and further research and investigation is needed on 

factors that might have important effect on periodontitis development, including genetics.  

The vision of many researchers is to develop efficient, low-cost tests with diagnostic and/or 

prognostic value for possible periodontal patients, using SNPs and/or other biological markers. This, as 
well as commercial availability of high-throughput, cost-efficient technology, has resulted in a boost in 

genetic research on the subject. Some genetic studies have tried to identify biological markers that could 
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be used in simple tests for periodontitis, for identification of periodontal patients and for use in treatment 

and/or as prevention methods.8,136 Hopefully future studies on genetics will give better information on 

factors that can be used to identify periodontitis patients sooner, help in developing better treatments 

and improve oral health as well as the overall health status of the individuals involved. 
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2 Objectives of the study 

The objectives of this retrospective study were first; to create standardized diagnostic criteria with which 

individuals with signs of periodontitis could be retrospectively diagnosed from a large set of OPG 

radiographs and second; to use the data derived from these methods to create phenotypes for GWAS 

on periodontitis in Icelandic samples.  

The study question we aimed to answer was: 

"Is there a genetic difference between individuals who have signs of periodontitis and individuals 

without signs of periodontitis, diagnosed using OPG radiographs, in a genome-wide association 

study (GWAS)?". 
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3 Methods 

3.1 Approvals 
This study was performed in association with deCODE genetics as a part of a larger study on genetic 

traits for pain, such as temporo-mandibular joint (TMJ) pain and neurological pain associated with teeth 

and oral treatments. This study was supported in part by the National Institute of Dental and Craniofacial 

Research of the National institutes of Health, under award number R01DE022905. All genetic data was 

collected through studies approved by the National Bioethics Committee of Iceland and the Data 

Protection Authority in Iceland. The faculty of dentistry at the University of Iceland (THÍ) and deCODE 

genetics obtained an approval from the Icelandic Data Protection Authority for the use of the OPGs 
stored in THÍ database (see appendix). Finally, an approval from the Science Ethics Committee at the 

University of Iceland was obtained for this study. The approval number for the study was VSN-17-035 

(former VSN-12-162). All personal identities were encrypted by a third party system overseen and 

provided by the Icelandic Data Protection Authority before analysis at deCODE.117 The description from 

deCODE on this study was published as follows: 

 

"The study will be performed by a general dentist, Anna Margrét Bjarnadóttir (AMB, ID number 
190291-4059) as a part of her Master’s project at the Faculty of Dentistry at The University of Iceland. 

Ingólfur Eldjárn, DDS, MSc and an assistant professor at THÍ is AMB‘s supervisor and co-researcher in 

deCODE genetics’ study on genetic traits for pain, where the main emphasis is on TMJ pain and 

neurological pain associated with teeth and oral treatments. deCODE genetics will supply a computer 

with no internet connection, for easier and safer registration and storage of the data collected. After 

encryption of the data it will be sent to deCODE genetics, according to the original research proposal, 

which has been approved by The National Bioethics Committee. The Committee has been notified about 

this Master’s project." 

3.2 Study sample  
This present study included data from panoramic radiographs, OPGs, taken of all individuals visiting 

THÍ from the year 2011 until the end of year 2017. The OPGs stored in THÍ’s database represent 
individuals visiting the University of Iceland’s Dental Clinic seeking general dental treatment for various 

reasons or individuals referred from private dental practitioners to have their OPG radiographs taken. 

As THÍ is a learning facility for general dentists, a dental school, it can be assumed that patients were 

visiting the dental clinic for various reasons and visits therefore not confined to any one subcategory of 

dentistry. The reasons for the panoramic radiographs were unknown to the examiner.  

The original radiographic data sample consisted of a total of 8752 OPGs, managed and stored on 

the Sidexis XG software program in THÍ. Information on individuals’ date of birth and gender was 

gathered from the Icelandic population register, Þjóðskrá, which keeps residency records for the entire 
population of Iceland. Identification numbers based on date of birth (i.kennitala) for each individual 
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registered in Sidexis were checked and exclusion was made if the identification number was unavailable 

and/or invalid. One example of this was the "individual" registered as "DemoX-ray", that represented a 

storage only for multiple OPG previews from when the radiograph machine had been tried out, with 

different settings for example, but not representing an actual individual. After this exclusion step the 

number of OPGs came down to 8600. However, these 8600 OPGs were found to belong to 7346 

individuals of all ages, suggesting that some individuals had more than one OPG available in the Sidexis 

program. After exclusion of individuals younger than 18 years old, a total of 6373 adults were found to 
have at least one OPG in the THÍ database. Additionally, a total of 12 OPGs were considered unusable 

due to visible errors or distortion of various degree (especially if considered distorted in the vertical plane 

and therefore affecting vertical dimensions and measurements of bone loss) and were excluded from 

the study. Furthermore, as periodontitis and radiographic signs of PD progresses with age, all individuals 

younger than 30 years of age (at the time of the radiograph taken) were excluded from the study.  

Therefore, the final study sample included a total of 4351 adult individuals, 30 years and older, 

having at least one usable OPG stored in the THÍ database. The exclusion criteria is demonstrated in a 

flow chart in Figure 6.  

 

Figure 6: A flow-chart of the exclusion criteria. 

 

3.3 Collection of data 
A computer with no internet connection was used to secure safe registration and storage of the data 

collected. In cooperation with deCODE genetics a special software was designed for clinical data 
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registration, installed and used on that computer for this project (Fig. 7). The software database was a 

Filemaker Pro database, called PAIN KJÁLKI 2018 (KJÁLKI, manual found in appendix). The 

documentation criteria were designed by the examiner assisted by a group of dentists with various 

degree of experience, based on measurements and distribution of bone loss and tooth loss, definitions 

and classification criteria further described below. 

KJÁLKI listed the names of individuals that have their OPG stored in the Sidexis XC software 

(Sidexis) in the THÍ database. Extraction approaches of information on OPGs from Sidexis have been 
explained elsewhere.184 Information in KJÁLKI included identification number for each individual, date 

of birth (i.kennitala), name of each individual, gender and the option to register date of the radiograph 

taken, as well as the measurements made on each OPG. Based on this information the KJÁLKI software 

calculated and displayed the age of each individual the day each radiograph was taken. Individuals 

listed in the software were most often chosen by name, but the option of searching for identification 

number or kennitala was available as well.  

 

Figure 7: A screenshot displaying the Software used (KJÁLKI) for registrations. 

 

A second computer with an internet connection was used allowing for search and examination of 

OPGs stored in the THÍ database, using the Sidexis XG software. Sidexis stores information on names, 

identification numbers, individuals’ date of birth or the date each OPG radiograph was taken and allows 

searching, using this information. The search for OPGs listed for individuals in KJÁLKI was performed 

on Sidexis using each individuals name. In case there was more than one individual registered in the 
database having the same name searched for, a comparison of individual kennitala in both KJÁLKI and 

Sidexis was done as well, to make sure the correct person or OPG was chosen. Based on the date of 
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birth and information on the date each OPG was taken it was possible to calculate the age of each 

individual at the time of the OPG taken. Individuals aged 30 years or older were included in the study. 

Any case without full information on date of birth for any individual having an OPG in the database was 

excluded from the study.  

As mentioned earlier, each individual has a personal identification number in the Sidexis database 

and each OPG is connected to that number. Some individuals have more than one OPG in the database, 

taken at different times, but all are connected to their personal number. In any case where more than 
one OPG was available for any individual, the most recent OPG (taken no later than 31.12.2017) was 

chosen for examination and measurements. In all cases where more than one registration of the same 

individual in Sidexis (with the same kennitala) with numerous different OPGs taken at different times the 

most recent OPG was chosen and examined. 

Measurements were made and collected from each individual’s OPG and registered for each name 

in the database KJÁLKI. The measurements and registrations were performed by one and the same 

examiner, to avoid error due to interobserver variation. The examiner was trained with the assistance of 

five other dentists, who have been practicing dentistry for different periods of time and with different 
clinical experience. Initially an examiner exercise or training was performed, where 100 OPGs were 

examined and measured and registrations made, to aim for better consistency in the future 

examinations. 

Numerous different kinds of data were collected for each OPG in Sidexis and the information was 

then registered in KJÁLKI. The information registered included the number and position of teeth present 

and/or lost and the distance between the ABC and CEJ (ABC-CEJ) (in millimeters). Measurements were 

only made around permanent teeth registered as being present or broken down teeth that were 

considered as salvageable. Teeth that were severely broken down or had lost the majority of the coronal 
tooth struture (less than one wall of the crown remaining) were considered unsalvageable and registered 

as a root tips/fragments and were later reported as missing teeth. 

The maxillary and the mandibular dental arches were divided into three parts each, on a schematic 

representation of the dental arches in the KJÁLKI software. The six sextants were defined by number 

of teeth in the dental arches: 18-14, 13-23, 24-28, 38-34, 33-43 and 44-48. Measurements for ABC-CEJ 

on each OPG were made in Sidexis on teeth in each sextant. For each sextant information was 

registered and measurements made for the tooth that had the most visible alveolar bone loss on either 
proximal site, as seen on the OPG. Third molars and deciduous teeth were excluded. Measurements 

were performed using the Sidexis software, using the measurement tools of the software only. 

Magnification tools available in the software were used if needed, for better visibility of the proximal 

sites.  

The distance between the ABC and the CEJ  is commonly considered normal if measuring between 

3 and 4 mm. A distance of 5 mm or more is usually considered representing loss of bone. Based on this 

information, measurements of ABC-CEJ were categorized into four classes, shown in Table 3. 
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Class ABC-CEJ (mm) 

A 0 – 3.99 

B 4 – 5.99 

C 6 – 7.99 

D ³ 8 

Table 3: The measurement classification of the distance between the ABC and the CEJ (ABC-CEJ). 

 

If two or more teeth in the same sextant had the same measured amount of bone loss, the tooth 

with the easiest access for measurements was chosen, measured and registered in KJÁLKI. If for some 

reason the ABC-CEJ measurements were impossible to perform, at any proximal site for any tooth in a 

sextant, for example as a result of overlapping teeth structures, the whole sextant was marked as 

"impossible to measure". 

The measurements and categorization into classes (Table 3) were then used for identification and 
phenotyping for further use, as described in the next chapter. 

3.4 Identification and phenotyping  
In order to search for a genetic variants associating with periodontitis GWAS studies were performed. 
The samples of interest were; individuals with signs of periodontitis (cases) and individuals without signs 

of periodontitis (controls) on OPG radiographs. For this, a clear distinction between the phenotypes of 

the two groups had to be made. Therefore, definitions were established in order to design a system to 

classify individuals using the data gathered from the OPGs.  

One of the outcomes to consider, when identifying genetic variants for complex diseases, such as 

periodontitis, is that as the sample size increases to obtain more statistical power for GWAS analysis, 

the phenotypic heterogeneity increases as well. In other words; too lenient criteria would have allowed 

for more individuals in each of the two groups and more statistical power, yet less phenotypical 
difference. On the other hand, stricter criteria might have led to a smaller number of individuals in both 

the control group and the case group and thus not provided enough statistical power. Therefore, it was 

considered necessary to design definitions and classification meeting somewhere in the middle and 

classify individuals into case and control groups. Those who did not fit into one of the two groups were 

excluded from the genetic part of the study as "others". The compromises made are explained in more 

detail in the next following chapters. 

The data collected was encrypted with a reversible encryption-system and the personal data made 

un-identifiable before it was sent to deCODE for further analysis, using GWAS. This is further explained 
elsewhere.179 All personal numbers were then destroyed.    
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3.4.1 Individuals without signs of periodontitis on OPG radiographs (controls) 

When defining the classifications for the group of individuals without signs of periodontitis, the aim was 
to include only those who had no visible signs of a periodontitis on an OPG radiograph. In the present 

study the properties of exhibiting no bone loss  (i.e. ABC-CEJ not exceeding 3.99 mm) and having all 

permanent teeth present (excluding third molars) were considered as the defining attributes of a 

periodontally healthy individual.  

Tooth loss was considered an important factor to take into account when classifying individuals, as 

losing teeth is a common result of severe loss of supporting bone caused by periodontitis. The "healthy-

survival effect" was considered important when defining the classifications. The term refers to the fact 

that if the most affected teeth have been lost due to periodontitis the remaining teeth may appear 
considerably healthy. For example, if an individual had only six teeth remaining, due to the effect of 

periodontitis, it would have been likely that those remaining teeth exhibited the best periodontal status 

of that individuals’ adult dentition because the worst ones had already been lost. Thus, the teeth 

remaining might have only had mild-to-no bone loss and therefore, if the lost teeth were not accounted 

for, that individual would seem healthy and would have been classified as one too. The presence of root 

tips/fractures was considered equal to missing teeth, therefore individuals with root tips/fractures were 

excluded from this group as well. 

Additionally, if measurements at any sites were impossible to perform, it was considered plausible 

that those particular sites might actually have bone loss of some degree, even if not visible on the OPG. 

Therefore, all individuals that had at least one site around any tooth in any sextant (excluding third 

molars) that did not allow for measurements of bone loss for some reason, such as due to overlapping 

structures, were excluded from the control group.  

Therefore, for individuals to be classified as "healthy" or without signs of periodontitis (controls), the 

following criteria had to be fulfilled (Table 4): 

1. Individuals with no permanent teeth missing (third molars excluded). 

2. No visible bone loss exceeding 3.99 mm (class A) around any tooth (third molars excluded). 

3. No site present that did not allow measurements on the OPG. 

Table 4: The criteria for classifying individuals as without signs of periodontitis on OPG radiographs. 

3.4.2 Individuals with signs of periodontitis on OPG radiographs (cases) 

In order to gather together a group of individuals with signs of periodontitis (cases), thus having a 
possible genetic variant for periodontitis in common, definitions were made and classification criteria 

were carried out. The idea was to identify those individuals that exhibited general and severe bone loss 

around remaining teeth in order to make the case group as powerful as possible. At the same time, the 

idea was to include those who certainly had periodontal problems, including generalized bone loss of a 

severe degree as well as allowing for some missing teeth, commonly following severe bone loss 

resulting from periodontitis. Therefore, it was considered important to take into account the ratio of 
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sextants with remaining teeth and sextants with remaining teeth that exhibited rather severe bone loss 

(ABC-CEJ ³ 6 mm). Simultaneously, the idea was to exclude those who had none to mild signs of bone 

loss. Hence, the classification of individuals showing signs of periodontitis was performed according to 

the following (Table 5):  

 

Number of sextants 
with teeth present 

Number of sextants with ABC-CEJ ³ 6 mm (class 
C and D) for ³	1 tooth  

Six a) 6/6 sextants (all sextants presenting teeth) 

b) 5/6 

Five a) 5/5 (all sextants presenting teeth) 

b) 4/5 

Four a) 4/4 sextants (all sextants presenting teeth) 

b) 3/4  

One, two or three a) 1/1 (all sextants presenting teeth) 

b) 2/2 (all sextants presenting teeth) 

c) 3/3 (all sextants presenting teeth)  

Table 5: The criteria for classifying individuals as having signs of periodontitis using measurements on OPG 
radiographs. 

 

In those cases where it was impossible to measure at any site in one or more sextants individuals 

were not excluded from the case group, provided the classification criteria in Table 5 were fulfilled. 

However, in cases where measurements were impossible to perform in any sextant, individuals were 
excluded from the case group if this affected the ratio of known number of sextants with the ABC-CEJ 

³ 6 mm in a way that made the classification criteria in Table 5 not being fulfilled. For example, if an 

individual had remaining teeth in all six sextants and the ABC-CEJ measured ³ 6 mm in four of them, 

thus showing signs of periodontitis, yet the ABC-CEJ was impossible to measure in the two remaining 

sextants, one or two of those remaining sextants might or might not have had actual bone loss. The 

ratio of sextants would therefore have been 4/6. That particular individual would therefore not have 

fulfilled the classification criteria in Table 5 and would have been excluded from the case group. In those 

cases individuals were classified into a third group of "others", exhibiting either signs of periodontitis of 

a degree somewhere between the other two groups or complete edentulism.  

Ideally, as alveolar bone height reduces after tooth loss,185 the ABC-CEJ distance exceeding 3.99 

mm was not measured at sites around teeth where either anterior or posterior neighbouring teeth were 
missing. In those cases other accessible sites were chosen for measurements. However, in cases where 

those particular sites were the only sites available for measurements a compromise had to be made, 
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such as in cases where only one tooth was present in a sextant. In some cases, sextants were registered 

as "impossible to measure".  

3.5 Statistical analysis for phenotype data 
Statistical analysis and data manipulation of phenotype data was performed using the computer 

software R (The R Foundation for Statistical Computing, Version 3.4.2) and Microsoft Excel. The results 

were displayed using descriptive statistics, e.g., as plots and tables. Statistical tests were performed, 

chi-squared and Fischer-tests used for proportions and t-tests for comparison of means. Statistical 

differences were calculated. P-values < 0.05 were considered statistically significant, excluding the 

genome-wide association analysis, as mentioned in Chapter 1.5.5.1. 

3.6 Reliability testing 
A reliability test was performed twice by the primary examiner to evaluate the agreement and the 

reliability of the diagnostic examinations performed. The first intra-rater examination was performed after 

the initial examination of 2000 OPG radiographs and the second after the initial examination of 4000 

OPG radiographs. In both cases 100 OPG radiographs were randomly selected for re-examination. The 
results from both intra-rater examinations were then compared to the primary examination. Additionally, 

an inter-rater examination was performed by a periodontal specialist on 100 randomly chosen OPG 

radiographs. The results from the inter-rater examinations were then compared to the results from the 

primary examinations.  

Even though individual measurements in millimeters were expected to differ somewhat between the 

two examiners, the main aim was to check if patients examined were categorized into the same 

diagnostic group in both instances, according to the classification criteria previously explained. It was 
considered important to investigate the reliability in this manner, especially the intra-rater reliability since 

it adds support and strength to the results.  

3.7 Genetics  

3.7.1 Resources for genetic studies in Iceland 

Over the past 20 years deCODE genetics has sequenced the whole genome of a large group of 

Icelanders by gathering, under informed consents and with the approval of the National Bioethics 

Committee, genotypic and medical data from more than 160,000 volunteer participants, comprising over 

half of the Icelandic population. Using also the unique resource that is the genealogical database 

created by deCODE, genotype expectation values can be calculated (imputed) based on genealogical 

relationships for close relatives of genotyped individuals, even if they have not been genotyped 

themselves. First- and second-degree relatives‘ genotype data can therefore be incorporated into 
GWAS analyses of large samples using genealogy, although individual level data is not stored.168,186 

The process used to whole-genome sequence the Icelandic population and the imputation 

approaches have been described in detail elsehwere.187,188 An encrypted research version of The Book 

of Icelanders, is one of the foundations for these studies. It contains records on almost 900,000 Icelandic 
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individuals, covering the entire present day population and stretching back to the inhabitation of the 

country more than eleven centuries ago.189 

By using genome sequencing on the extended sampling of the Icelandic population deCODE has 

provided a comprehensive understanding of the genealogical structure of the Icelandic nature allowing 

for numerous discoveries of associations between variants in genome sequences and phenotypes. 

Powerful tests can now be applied to test for association of diseases with a large range of traits and 

phenotypes.190  

3.6.2 GWAS  

Classification of periodontitis data was made based on definitions constructed for this study as explained 

earlier (see Chapter 3.4). After encryption of personal identifiers (i.kennitala) the encrypted data was 

sent to deCODE genetics for further analyses and all personal identifiers were destroyed. To search for 

sequence variants associating with the periodontitis phenotypes a genome wide association studies 
(GWASs) were performed.  

deCODE tested 36.5 million sequence variants that were detected through whole-genome 

sequencing of 28,075 Icelanders using Illumina technology to a mean depth of at least 10X (median 

32X) as described in previous publications.168,187 These 36.5 million variants (all passed deCODE’s high 

quality threshold, with INFO > 0.8) were subsequently imputed into 155,250 Icelanders who were 

genotyped with various Illumina SNP chips and their genotypes phased using long-range phasing.191 

Single nucleotide polymorphisms (SNPs), as well as insertions and deletions (indels) were identified 

and genotypes called using joint calling with Graphtyper.192 Genotype calls were improved by using 
information about haplotype sharing, taking advantage of the fact that all of the sequenced individuals 

had also been chip-typed and long range phased. The variants were tested for association with 

periodontitis under an additive model.193 Associations were considered significant if the P-value was 

below a weighted genome-wide significance threshold (see Table 6) based on variant annotation 

previously described.1  

A genome-wide association analysis (GWAS) was conducted on those that had given their consent 

for genetic studies. On one hand two groups were compared defined as with (cases) and without 

(controls) signs of periodontitis on OPG radiographs. On the other hand the genomes of a group of 
individuals with signs of periodontitis (cases) were compared to the genomes of about 188 thousand 

Icelander (population control), to increase the statistical power. 
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Table 6: Significance thresholds for each variant category, estimated from the Icelandic data. 
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4 Results 

4.1 Phenotyping 
The total number of individuals fulfilling the criteria defined (aged 30 years and older and having usable 

OPGs) was found to be 4351. Of those, 45.6% were male and 54.3% female (Table 7).  

Healthy individuals (controls) were 14.39% and individuals with signs of periodontitis (cases) were 

8.53%. The remainder, a total of 77.09% comprised a group of "others" who did not fit into the 

classification for either one of the other two groups (Table 8). In the case group 53% were male and 

46% were female. In the control group, 42% were male and 57% were female. There was a statistically 

significant association between gender and general/severe signs of periodontitis (P = 0.00041), where 
a higher proportion of males was found to have signs of periodontitis. 

The mean age of the study sample was 53.3 years (Table 7). The mean age for the control and 

case groups was 38.60 years and 59.86 years, respectively (Fig. 8). The difference between the mean 

age of the control and case groups was statistically significant (P < 2.2 x 10-16). The median age for the 

case and the control groups was 59 years and 36 years, respectively. 

 
  Number (N) Percentage (%) Mean Standard deviation (SD) 

Gender Female 2362 54.3%   

 Male 1984 45.6%   

 Total 4351    

      

Age (years)    53.5 ± 13.5  

Table 7: An overview of the study sample.  

 

  Control Case Other Total 

Number (N)  626 371 3354 4351 

%  14.39% 8.53% 77.09%  

      

Gender (N), (%) Female 360, (57.5%) 172, (46.4%) 1832, (54.6%)   

 Male 266, (42.5%) 199, (53.6%) 1522, (45.4%)    

 p-value    p = 0.00041 

      

Age (years) Mean 38.60 59.86 55.32 53.30 

 SD ± 8.44 ± 10.71 ± 13.50 ± 14.1 

 p-value    p  < 2.2 x 10-16 

Table 8: An overview of the study sample, demonstrated for each group. 
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Figure 8: Box plot showing the age distribution for the case group and the control groups. The median age 

for the case and the control groups was 59 years and 36 years, respectively. 50% of the case population was 
in the age range of 53 to 66 y.o.a., while 50% of the control population was in the age range of 32 to 43 y.o.a. 

4.2 Bone loss 
For each individual, measurements were made, for one tooth only in each sextant, the one that had the 

most visible bone loss. In any case where bone loss was detected (ABC-CEJ > 3.99 mm) it resulted in 

the exclusion of that individual from the control group. Therefore, the results on overall bone loss include 

only individuals in the case group and the "other" group. Third molars were excluded. 

The overall number of registrations of bone loss (BL, ABC-CEJ > 3.99 mm) for each tooth is 

demonstrated in Figure 9. Overall, the tooth type most often registered as having BL was the maxillary 
molars (#16, #17, #27, #26) followed by the mandibular second premolars (#45, #35). The tooth least 

often registered as having BL overall was the maxillary left lateral incisor (#22). The registrations of BL 

for the anterior teeth were less frequent than for the posterior teeth, with the exception of the first 

premolars, especially in the maxilla.  

Figure 10 demonstrates the overall number of registrations of severe bone loss (SBL, ABC-CEJ > 

7.99 mm). The tooth types most frequently registered with SBL overall were, again, the maxillary first 

molars (#16, #26), followed by the maxillary second molars (#17, #27). In the mandible, on the other 
hand, the second molars  (#37, #47) were the most frequently registered with SBL, whereas mandibular 

canines (#43, #33) came close. Of the anterior teeth in the maxilla, the canines were most frequently 

registered with SBL, whereas the centrals were close. As previously mentioned, the canines were the 

most frequently registered mandibular anterior teeth with SBL, as well, whereas the lower centrals (#41, 

#31) were the most seldom registered. The tooth most seldom registered as having SBL overall was 

the maxillary left lateral (#22). 
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Figure 9: The overall number of registrations of bone loss (ABC-CEJ > 3.99 mm) for each tooth.  

 

Figure 10: The overall number of registrations of severe bone loss (ABC-CEJ > 7.99 mm) for each tooth.  
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When looking at the case group alone (Fig. 11) the maxillary first molars (#16, #26) were the most 

common tooth types registered as having any BL, followed by the  mandibular first premolars (#44, #34). 

Closely following were the mandibular second premolars (#45, #35) and mandibular canines (#43, #33). 

The numbers were similar for the mandibular molars and the maxillary second molars. The mandibular 

canines were more frequently registered with BL than the maxillary ones. As for the overall registrations 

of BL the maxillary lateral incisors were least often registered when examining the case group alone, 

closely followed by the maxillary first premolars. When examining the registrations of SBL in the case 
group only (Fig. 12) similar results were found, with the exception of the maxillary right first premolar 

(#14) being a little less frequently registered than the left maxillary lateral incisor (#22). The frequency 

of registrations of SBL in the mandible was relatively similar for all teeth, except for the canines, which 

were the teeth most frequently registered. 

 

Figure 11: The number of registrations of bone loss (ABC-CEJ > 3.99 mm) for each tooth in the case group. 
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Figure 12: The number of registrations of severe bone loss (ABC-CEJ > 7.99 mm) for each tooth in the case 

group. 

 

Figure 13 demonstrates the overall proportion of instances each tooth was registered with BL when 
each tooth was present. BL around the maxillary molars (#17, #27, #16, 26) was registered in between 

20% and 24% of maxillary molars present, compared to about 12-14% of incidences for the mandibular 

molars (#46, #47, #37, #36). Higher proportions of the second premolars were registered with BL when 

present compared to the first premolars. The difference in proportions of registered BL between the first 

and second premolars when present was slightly more in the maxilla than in the mandible. It can be 

seen that the overall proportion of registrations of SBL for the maxillary first molars (#16, #26) when 

present were most frequent, a little more than the proportion of registrations for the maxillary second 

molars (#17, #27), both in about 3.25 - 3.75% (Fig. 14). In both the maxilla and the mandible the 
proportion of registrations of SBL around canines present were a little more common than for other 

anterior teeth. As before, the least frequent registrations of SBL were for the maxillary left lateral (#22) 

and the maxillary right first premolar (#14). 

Figure 15 shows the proportion of instances each tooth was registered with BL when each tooth 

was present for the case group only. It can be seen clearly that the mandibular posterior teeth were 

more frequently registered with BL than the mandibular anterior teeth. However, this is not quite as clear 

for the registrations of teeth in the maxilla, whereas the first premolars were not as often registered with 

BL in the maxilla as in the mandible. Similar results can be seen for the overall proportions of 
registrations of SBL when each tooth was present, for the case group only, demonstrated in Figure 16. 
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Figure 13: The overall proportion of instances each tooth was registered with bone loss (ABC-CEJ >3.99 mm) 

when each tooth was present. 

 

Figure 14: The overall proportion of instances each tooth was registered with severe bone loss (ABC-CEJ > 

7.99 mm) when each tooth was present. 
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Figure 15: The proportion of instances each tooth was registered with bone loss (ABC-CEJ > 3.99 mm) when 

each tooth was present, demonstrated for the case group only. 

 

Figure 16: The proportion of instances each tooth was registered with severe bone loss (ABC-CEJ > 7.99 mm) 

when each tooth was present, demonstrated for the case group only. 
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4.3 Tooth loss 
The mean number of missing teeth in the total study sample was 7.26 (Table 9). The mean number of 

missing teeth for individuals in the case group was 12.38, 8.04 for individuals in the "other" group and 

8.47 for the case group and the "other" group combined. A large proportion of the individuals in the 

"other" group was missing relatively few teeth compared to the case group, where the most common 

number of missing teeth was 7. Due to the classification criteria (see Chapter 3.4) the control group did 

not include individuals with any missing teeth (Fig. 17 and Fig. 18).  

 

Group Mean number of missing teeth 

Case 12.38 

Other  8.04 

Case and other 8.47 

Overall (control, case and other) 7.26 

Table 9: Mean number of missing teeth. 

 

 

Figure 17: Number of individuals as a function of the number of missing teeth for each group. 
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Figure 18: Number of individuals as a function of the number of missing teeth for all groups combined. 

 

The overall proportion of instances each tooth was registered as missing is shown in Figure 19. 

Overall, the tooth most frequently missing was the mandibular left first molar (#36) or in about 46% of 

the total study sample. A close second was the mandibular right first molar (#46), which was missing in 

about 44%. Following were both mandibular second molars (#37, #47), which were missing in about 

40%. Overall, the maxillary premolars were missing more frequently than the mandibular ones and the 

second premolars were more often missing than the first premolars, in both dental arches. On the other 
hand, the tooth types that were least frequently missing were the mandibular canines (#33, #43) or in 

about 8%. Similar results were found for both the case group alone and for the "other" group (Fig. 20). 

A difference between the groups was found for the proportion of registrations for the lower canines, 

which more individuals were missing in the "other" group than in the case group (Fig. 20). 
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Figure 19:  Proportion of instances each tooth was registered as missing in the total population.  

Figure 20: Proportion of instances each tooth was registered as missing, demonstrated for all groups. 
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The prevalence of complete edentulism in the total study sample was 5.4% (Table 10). Of those in 

the "other" group 6.9% were edentulous. The overall prevalence of edentulism was statistically higher 

among women than among men or 6.13% and 4.43% respectively (p=0.015). 

 

  Total population Other Males Females  

%  5.36%  6.95%  4.43%  6.13% 

Table 10: Prevalence of complete edentulism. 

 

4.4 Reliability testing 
In order to check for agreement and reliability among the diagnostic examinations performed by the 
primary examiner, two intra-rater examinations were performed. About 100 OPG radiographs were re-

examined each time. The first intra-rater test was performed after the initial examination of 2000 OPGs 

and the second after examination of 4000 OPGs. A total of 100 OPG radiographs was chosen randomly 

for each of the two intra-rater tests. After excluding unusable OPG radiographs and OPG radiographs 

of individuals younger than 30 years of age a total of 78 OPG radiographs was usable and re-examined 

in the first test and 75 radiographs in the second one. An inter-rater test was then performed by the 

second examiner, in which 102 random OPG radiographs were examined and registrations compared 
to the primary registrations, made by the primary examiner.  

The registrations from the two intra-rater tests and the inter-rater test were compared to the 

registrations made in the primary examination, demonstrated in Table 11. The categories in which 

individuals were classified in the primary examination are demonstrated in each row to the left, for each 

re-examination, whereas each column in the table demonstrates the categories individuals were 

classified in the re-examinations. For example, when the first intra-rater test is viewed it can be seen 

that of those who were classified into the case group in the primary examination six individuals were 

classified the same, again into the case group, however, only one was classified differently, into the 
"other" group in the re-examination. Similarly, when the inter-rater test is viewed it can be seen that of 

those who had been classified as "others" in the primary registrations 80 individuals were classified the 

same, but only one individual was classified into the case group in the inter-rater test.  

The optimal results would have been full agreement between the primary examination and the re-

examinations, demonstrated with only one number in each row, matching the same particular group in 

both row and column. However, full agreement was never observed in these reliability tests. The most 

noticeable disagreement was found for the case group in the second intra-rater test and the inter-rater 

test, where all five individuals in each incidence were classified into the "other" group. Nevertheless, the 
calculated agreement ratio was found to be rather high or 91.03%, 88% and 90.02% for the first intra-

rater test, second intra-rater test and the inter-rater test, respectively. Importantly, individuals who were 

classified into the case group in the primary examinations were never classified into the control group 

in neither the re-examinations nor the inter-rater test and vice versa. 
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Table 11: Results on the reliability tests, demonstrating two intra-rater tests and one inter-rater test (columns) 

in comparison to the categorization in the primary examinations (rows, to the left), as shown for each particular 

category. 

4.5 Genotyping and GWAS 
To search for sequence variants assocated with risk and progression of periodontitis, GWAS studies 
were performed. Data cleaning was performed and personal identifier encryption was enabled by the 

Identity Protection System (IPS)194. Genotyping and GWASs were performed by deCODE genetics. 

A total of 997 individuals met the study criteria of being 30 years or older, having usable OPGs and 

fitting in either the case group or the control group. deCODE received and encrypted data on 996 

individuals (371 cases and 626 controls) via the Identity Protection System (IPS).194 One individual was 

excluded due to having an erroneous identification number (i.kennitala), identified by the IPS. Using the 

IPS, individuals documented gender was compared to the gender associated with the id number. In 14 
cases the gender and date of birth was unavailable, suggesting a non-Icelandic origin, therefore those 

individuals were excluded from the GWASs. 

Table 12 shows that 982 individuals were included in the GWAS part of the study. Genotypes and 

consents were available for 87% (N = 851) of the individuals who had already signed informed consents, 

and been genotyped. Of those included in the GWAS part of this study, 46.3% were female and 53.6% 

were male.  

Of the total study sample with genotype data, 63.03% were classified as controls and 36.97% as 

cases. Of the total number of females 67.7% were classified as controls and 32.3% as cases. Of the 
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total number of males 57.7% were classified as controls and 42.3% as cases. Significantly more males 

were classified as cases than females (P = 0.0006).  

 

Table 12: Exclusion for the Genome-Wide Association Study (GWAS) and total number of individuals 

included. 

 

The threshold for genome-wide significance association was corrected for multiple testing using a 

class-specific Bonferroni procedure previously mentioned (see Chapter 1.5.5.1 and Chapter 3.6.2).1 

According to the presently established approach by Sveinbjornsson et al1 no genetic variants reached 

genome-wide significance in neither of the two GWAS approaches; periodontitis cases versus assessed 

controls (Fig. 21), nor for periodontitis cases versus population controls (Fig. 22) (where the number of 

the Icelandic population controls was 188,050).  

The top signal in the GWAS was observed for the latter and more statistically powerful GWAS 
approach, comparing cases to population controls. This was a rare intron variant (minor allele frequency 

(MAF) = 0.04% in Iceland) rs745561015 in the ABCA13 gene on chromosome 7, P = 4.35 x 10-9 

(threshold P = 7.0 x 10-10) (Fig. 22). None of the 17 markers previously reported to be associated with 

periodontitis or periodontitis related phenotypes with nominally significant (P < 1 x 10-7)181 associations, 

listed in the GWAS catalogue, replicated in the Icelandic periodontitis GWASs (P < 0.05) (see Table 

13). 

 

Gender 

Without signs of  
periodontitis (controls)  
(N, (%)) 

With signs of 
periodontitis (cases) 
(N, (%)) Total 

Male  263, (57.7%) 193, (42.3%) 456 

Female 356, (67.7%) 170, (32.3%) 526 

Unknown (excluded) 6, (42.8%) 8, (57.1%) 14 

Total via IPS 625 371 996 

Total in study 619 363 982 
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Figure 21: Manhattan plot showing GWAS results for assessed cases (N = 363) versus assessed controls (N 

= 619). Red line represents P = 1 x 10-8. No markers reached genome-wide significance1.  

 

. 

 

Figure 22: Manhattan plot showing GWAS results for assessed cases (N = 363) versus population controls (N 

= 188.050). Red line represents P = 1 x 10-8.  No markers reached genome-wide significance1.  
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Table 13: 17 GWAS catalogue markers with P < 10-7, tested in Icelandic Periodontitis GWAS data. 
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5 Discussion 

Periodontitis is a multi-factorial disease in which genetics are known to play a role. The main objectives 

of this study were to first, create standardized diagnostic criteria to rapidly gain large samples for 

investigation of this disease by retrospectively classifying periodontitis from a large set of OPGs and 

secondly, using the OPG derived disease classifications as phenotypes and to perform GWAS to look 

for genetic variants associating with risk of periodontitis in Iceland. 

Data on periodontitis was reliably collected from 4351 OPGs and used to categorize individuals into 

"periodontally healthy" individuals, without signs of periodontitis and individuals with radiographic signs 

of having or having had periodontitis. A total of 982 Icelanders (population of about 355,000), that had 

been identified as with (N = 619) and without (N = 363) signs of periodontitis on OPG radiographs, were 

then included in GWAS case-control analyses. No variants were found to reach genome-wide 

significance thresholds in GWAS case-control analyses. Using two approaches; a) case vs assessed 

controls and b) cases vs unassessed population controls. The top association from the latter GWAS 
approach was with a rare intron variant in ABCA13 gene on chromosome 7 (P = 4.35 x 10-9), threshold 

P = 7.0 x 10-10).  

To the best of our knowledge no prior studies have been performed using the exact same diagnostic 

approach and the criteria as defined in this present study. However, studies measuring bone loss on 

radiographs do exist, both using OPGs and other types of radiographs. As far as we know the additional 

use of GWAS has been included only in very few studies, none applying the same significance 

thresholds and none have reported a finding of significance.195  

The study sample is a convenience sample of adult Icelanders visiting the dental clinic at the 
University of Iceland (THÍ) and may not give true representation of the dental status of the Icelandic 

adult population as a whole. 

5.1 Periodontitis  
Due to differences in terminology, definitions and methodology in previous studies on the Icelandic 

population as well as due to scarcity of other studies it was not possible to implement a reliable 

comparison of our findings on the prevalence of periodontitis. In this current study, the prevalence of 

Icelandic adults in the study sample, aged ≥	30 years, showing no visible signs of periodontal 

breakdown on OPG radiographs was found to be 14%, which can be considered as a rather small 

percentage. Therefore, it can be assumed that a relatively large part of the Icelandic adult population is 

suffering from PD, of a variable degree.  

Of the total number of individuals in the study sample (N = 4351) 14% were classified as having no 

signs of periodontitis, 8.5% were categorized as clearly having periodontitis while the remaining 71% 

had signs of PD of a degree somewhere in between of the other two groups (Table 8). This is close to 

being in agreement with the findings of many other authors showing that in a general population, 
approximately 10% have none to mild signs of periodontitis and close to 10% have severe signs of 
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periodontitis, whereas around 80% have PD status of somewhere in between of the other two 

groups.69,72,77 Yet, it is of importance to keep in mind that no clinical examination was performed on the 

individuals in this study sample in this study, therefore an evaluation of clinical signs of periodontitis was 

unavailable. 

In high-income countries, such as Iceland, there is a proportional increase of ageing population 

following higher life-expectancy and decrease in birth rates.196,197 In other similar populations, such as 

in the Swedish one, there seems to be a decline in the oral disease burden of younger individuals while 
it has been conjectured that it is compensated by an increase in the occurrence of moderate and severe 

periodontitis among older individuals.198 This may be be due to changes in the periodontal treatment 

principles and philosophies now inclining towards retaining or keeping teeth longer that are either in risk 

of needing treatment or already in a definitive need for treatment. Therefore, teeth severly affected by 

bone loss due to periodontitis and may have been deemed "hopeless" may, in some cases, be retained 

for years or even decades, with a "dentist permission" and a careful follow-up care.199 It may be assumed 

that similar trends and philosophies are now manifested in the Icelandic population, as in the Swedish 

one. So, the overall prevalence and severity of periodontitis may be declining, due to improved oral 
hygiene measures and reduction in smoking and possibly by the changes of the public perception of the 

value of retaining natural teeth as well.200 Yet, signs of PD appear on radiographs even though the 

disase is not active. Radiographs only show the status of bone levels as they appear the day the 

radiograph was taken and do not give information about whether or not an individual has already had 

periodontal treatment. If severe bone loss is detected on an OPG it is clear that the individual has 

suffered from PD at one point in his or her life, even though having been through treatment already. 

This study focuses on identifying signs of PD on OPG radiographs only and to estimate if the disease 

is active or not a clinical examination is required. Nevertheless, for this study design it is not important 
to know whether or not the disease was still active the day the OPG was taken. Furthermore, the genetic 

component for periodontitis, which was of primary interest in this study, does not change with treatment. 

Therefore, the need for validity of active periodontitis was not of importance. 

5.1.1 Gender 

The gender ratio in this study sample was close to being equal, whereas 45.6% were female and 54.3% 
male. Periodontitis was however found to be significantly more common among males than females, 

(42% versus 32.3%, respectively, P = 0.00041). This is in agreement with findings of other 

studies.11,17,18,43,55,61 On the other hand, this is in disagreement with the early findings on the prevalence 

of PD in Iceland reported in 1968, where it was concluded that periodontitis was more common among 

females (49.9%) than among males (24.6%), aged 18-79 years,72 assumably due to increased social 

awareness and better oral hygiene among females now than before. 

As previously mentioned, presently, women are considered to have better hygiene practices than 
men and to use oral health care services more often and more regularly than men, which may partly 

explain this difference. Yet, this difference might be related to their gender-bound differences in 

physiology and behavior as well and in elements of both innate and acquired immunity. This might lead 
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to a more aggressive immunological responses in males than in females, therefore contributing to the 

higher risk of PD in males.8,17,18,61  

5.1.2 Age 

The overall mean age of the study sample was 53.3 years. The mean age for the control group was 

38.60 years and 59.86 years for the case group (see Table 8). The difference between the mean age of 
the two groups was statistically significant (P < 2.2 x 10-16). This is in accordance with findings of other 

studies, demonstrating that signs of periodontitis, such as loss of supporting bone, increases with 

increasing age.17,55,61  

One explanation for the increase in PD for older people is that with increasing age physiological 

changes take place in the periodontium, so that both the protective and destructive responses of the 

immune system are altered, causing more rapid development of inflammation which is thought to have 

effect on the development of PD. For example it has been shown that phagocytes involved in the 
immune responses can be affected in a manner that interrupts their antimicrobial functions.201,202  

Nevertheless, the age difference of the two groups might indicate that individuals in the case group 

exhibit periodontitis as a result of age, rather than being related to genetics. This demonstrates a 

weakness in the classification method used in this present study. Again, it is debated whether or not 

periodontitis is a consequence of becoming older or if older individuals have been exposed to more 

confounding factors over their longer life than the younger individuals, that may have had an amplifying 

effect on the periodontium. Therefore, the younger individuals in the control group might have been 

classified as healthy mainly due to young age, having experienced less exposure to confounding factors 
and therefore exhibiting less pronounced signs of periodontitis than the older individuals. Therefore, it 

can be discussed if the age preferences for the criteria should have been different. 

As periodontitis is a disease correlating positively with age, the case group defined for the GWAS 

studies was older than the defined disease-free comparison group, many of whom may eventually 

develop periodontitis with increasing age. However, due to the small sample sizes, and potential for 

introducing unintentional biases when matching or adjusting for covariates correlated with the disease 

or trait studied,203 age or other covariate matching of cases and controls was not performed. The second 

GWAS approach using a large set of population controls compensates for distribution of known and 
unknown confounders.  

5.1.3 Bone loss  

Due to the fact that measurements were made at only one tooth in each sextant (the one with the most 

visible bone loss) it was not possible to estimate the total number or prevalence of teeth demonstrating 
loss of bone (ABC-CEJ distance > 3.99 mm) in the study sample. 

The highest number of registrations for both any bone loss (BL, ABC-CEJ > 3.99 mm) and severe 

bone loss (SBL, ABC-CEJ > 7.99 mm), as well as both overall and for the case group alone were in 

near all cases for the maxillary first molars (#16, #26) (Fig 9-12). The maxillary second molars (#26, 

#27) were frequently registered as well. However, this trend was not noted for the first molars in the 
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mandible, as the registrations for both BL and SBL for the mandibular molars were notably fewer than 

the number of registrations for maxillary molars. In the mandible, the number of registrations of BL was 

higher for the second premolars (#35, #45) than molars in the overall group and was higher for both 

premolars and canines than molars in the case group. In the mandible, the number of registrations of 

SBL were similar for the posterior teeth, decreasing a little from the second molar to the first premolar. 

Yet, the mandibular canines were similarly often registered as the second molars. In the case group, 

the mandibular canines (#33, #43) were notably most often registered with SBL. When comparing the 
premolars, in the mandible and the maxilla, the mandibular ones were relatively more often registered 

with any BL and SBL than the maxillary ones. The number of registrations of BL for the second 

premolars were in near all cases higher than the number of registrations for the first premolars. On the 

other hand, the tooth type least frequently registered with both BL and SBL was the maxillary left lateral 

(#22) both overall and for the case group only, followed by the maxillary right first premolar (#,14) yet in 

both incidences the registrations for contralateral teeth in the same arch were of similar frequency. 

Nevertheless, it is apparent that tooth loss affects the number of registrations of bone loss for some 

teeth more than others. In other words: due to the fact that bone loss measurements were only made 
around teeth that were present, there were inevitably fewer registrations of bone loss for teeth that were 

more often missing. Therefore, it was important to review the proportion of instances each tooth was 

registered with bone loss when that particular tooth was present (Fig. 13-16). When the column bar 

graphs representing the number of registrations of BL and SBL (Fig. 9-12) is compared to the graphs 

representing the proportional-registrations (Fig. 13-16) for both the overall population and for the case 

group only, a notable difference is seen in the registrations of the case group, in which higher proportions 

of teeth were missing compared to the overall population. When the graphs were compared for the case 

group (Fig. 11 compared to Fig 15 and Fig. 12 compared to Fig. 16) it can be seen that when tooth loss 
was accounted for the molars in both the maxilla and the mandible were proportionally most frequently 

registered with BL and SBL. A notable difference was seen for the case group in the BL registrations for 

both the mandibular canines and premolar and in the SBL registrations for the mandibular canines, 

which were the most frequently registered tooth types in each incidence. Yet when tooth loss was 

accounted for the bone loss was much more apparent for the molars. Overall, when tooth loss was 

accounted for it affected the outcome of bone registrations in the mandible more than in the maxilla, 

both for BL and SBL, as higher proportions of teeth were missing in the mandible. 

The more frequent registrations of bone loss of the first molars may be explained by their longer 

exposure to periodontal breakdown compared to other tooth types, due to their earlier eruption time. 

The periodontal breakdown of the first molars is often, eventually, seen lead to breakdown of the 

supporting bone of the second molars as well. Access for cleaning and removal of bacterial plaque is 

more challenging in the posterior regions than in the anterior regions, making molars more susceptible 

to periodontal breakdown than teeth that are located more anteriorly. Additionally, molars are multi-

rooted teeth, with root furcations and grooves which makes plaque control, scaling and root planing a 

more challenging task and makes them more susceptible to periodontal breakdown. Both probing depth 
and clinical attachment loss of teeth have been found to be significantly higher for teeth with concave 

root surfaces compared to those without concavities, making them more prone to periodontitis, leading 
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to more severe bone loss and even extractions.204 The maxillary molars have three roots, compared to 

two for the mandibular molars and as well, more complicated furcation systems. This can be expected 

to make them more difficult for cleaning and increases their risk of developing periodontitis and bone 

loss, as was the case. As well, it was not surprising to see that the anterior teeth, especially in the 

maxilla, had less frequent bone loss than the posterior teeth, as the anterior teeth are more accessible 

for cleaning and restorative work, for example. However, the low proportion of BL and SBL registrations 

for the premolars registered was not anticipated as premolars, especially the maxillary ones, are known 
to have unfavorable root morphology that may be an important contributor to PD, as mentioned for the 

molars. In most incidences, maxillary first premolars are found to have a concave root surface mesially 

and in often in more than 50% of them have this anatomical feature distally.204–206 Furthermore, maxillary 

premolars have thin and/or bifurcated roots and are therefore more susceptible to vertical tooth 

fractures, e.g. following endodontic treatment, leading to the development of deep localized periodontal 

pockets.207 Nevertheless, as there is only one tooth registered with bone loss in each sextant in this 

study, more pronounced bone loss around the molars than the premolars might explain the low 

frequency of registrations for bone loss around the premolars. 

Interestingly, the distribution patterns for the numbers of registrations for bone loss of any degree 

seem relatively symmetrical when the right and the left sides of the dental arches are compared. This 

goes for both the maxilla and the mandible and both for the overall population and the case group (Fig 

9-12). The same is observed for the overall proportional-registrations of bone loss (Fig 13-16). This is 

observed despite the fact that measurements were only registered for one tooth, exhibiting the most 

visible bone loss on an OPG radiograph.  

It can be contemplated if better visibility and easier access for measuring at some sites rather than 

others, might have affected the number of times some tooth types were registered. This examiner 
estimates that the access for viewing and measuring is be better in the anterior regions than in the 

posterior regions, as well as contemplates whether there may be a generally more overlapping of teeth 

and other structures in the molar regions than in the premolar regions. This may have complicated or 

interrupted the measurements more in the molar regions than in the premolar regions.  

The specific reasons for bone loss were not specifically considered or evaluated in this study and it 

is possible that bone resorption was caused by other conditions than periodontitis. It has been 

demonstrated that together with plaque-retaining factors, such as overhanging restorations and 
crowns,208–211 that subgingival margins placed deeply increase the risk of alveolar bone loss.212 As well, 

there is evidence that endodontic infections can cause a reduction in alveolar bone margins.213,214 

Furthermore, it has been shown that periodontitis is more frequently seen in relation to crowding, drastic 

maxillary overjet and cross-bite, especially in the maxilla when controlled for sex and social group.215 

Finally, longitudinal tooth fractures or cracks can result in severe periodontal defects, often visible as 

proximal bone loss on radiographs and are quite common for smaller teeth such as the maxillary 

premolars. This is especially true for teeth that have lost amount of substantial amount of substance, 

have large fillings or have been endodontically treated. However, assuming that only a small fraction of 
the teeth present in each individual is affected by this, it most likely results with the individual in question 
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to be classified in the group of "others", not fitting in either of the other two groups and thereby not 

affecting the GWAS results. 

5.1.4 Tooth loss 

The overall mean number of missing teeth in the study sample was 7.26 compared to 12.38 in the case 

group (Table 9). The prevalence of lost teeth among this study sample may be considered rather high. 
It can be seen that most of the individuals in the total population sample had no missing teeth (Fig. 18) 

yet, half as many were missing one tooth. Overall, the number of individuals missing a certain number 

of teeth declines as the number of missing teeth increases, meaning that many individuals in the overall 

study sample are missing few teeth, compared to few individuals missing many teeth (excluding 

edentulous individuals). The tooth loss was more irregular in the case group, where most individuals are 

missing seven teeth.  

The proportion of times teeth were registered as missing is shown in Figure 20. Interestingly, the 
mean number of missing teeth for the case group was higher than for the overall study sample, even 

though the overall group includes completely edentulous individuals. This may be explained by the high 

number of healthy individuals, as none were missing any permanent teeth. When comparing the "other" 

group and the case group a noticeable difference was found in the number of lower canines, which were 

missing in more individuals in the "others" group than in the case group. This may be due to the large 

number of completely edentulous individuals in the "others" group.  

The reasons for tooth loss are numerous and seem to vary, such as with age, time period and 

populations.216 In general, the two most common indications for the extraction of permanent teeth are 
periodontitis and caries.62,217–220 However, information on the reasons for tooth loss are very often 

unattainable, as was the case in this study, which may bias inferences of both caries and PD. Other 

reasons for missing teeth are tooth agenesis (congenitally missing teeth), fractures or cracks as well as 

and extractions due to orthodontic reasons, especially of the premolars. It may be assumed that tooth 

loss due to trauma, such as a result of a hit or a fall, mostly affects the prevalence of tooth loss of the 

front teeth, whereas trauma fractures due to biting on hard substances mostly affects posterior teeth, 

especially those that have had treatment of some sort, e.g. large fillings and/or root canal treatments.  

Congenitally missing teeth may have caused some bias in the registration of number of teeth 
present. In this study congenitally missing teeth were treated as teeth missing teeth for other reasons, 

even though deciduous teeth were still in their place. The prevalence of tooth agenesis is reported to 

range between 3% and 10% for permanent teeth (excluding the third molars).221–223. Therefore, this was 

considered to have a minimal effect in this study. In an Icelandic sample, on average, individuals were 

found to be congenitally missing 1.9 teeth each.221 It is reported that the most commonly congenitally 

missing permanent teeth (excluding the third molars) are the mandibular second premolars, followed by 

the maxillary lateral incisors and maxillary second premolars.221,223,224  

As a group, the anterior teeth, especially the canines, were the most seldom missing in this study. 

This is in agreement with a study on an Icelandic adult population (aged 31-44 years).225 Other studies 

confirm that anterior teeth tend to be lost later in life, compared to other teeth.62 Incisors and canines 
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seem to develop caries to a lesser degree than posterior teeth and allow better access for endodontic 

and restorative treatments. As well, extractions of incisors and canines may often be delayed due to 

aesthetic concerns. In this study, the anterior teeth, both incisors and canines, were less frequently 

missing in the mandible than in the maxilla. This is in disagreement with studies showing that loss of 

anterior teeth due to periodontitis-related bone loss  is more marked in the mandible than in the 

maxilla.226 Therefore, it may be assumed that caries and/or trauma plays a notable part in the loss of 

maxillary anterior teeth in this study population, as well as congenital tooth agenesis of some of the 
maxillary laterals. Nevertheless, it has been shown that anterior teeth in general are more often lost due 

to PD than due to caries and that tooth loss related to caries tends to increase the more posteriorly a 

tooth is positioned in the dental arch.62,217,219,220,226–228  

Overall, as a group, the molars were the most frequently missing teeth. The most frequently missing 

tooth type was the mandibular first molar, likely due to being the first permanent tooth to erupt and 

therefore more susceptible to both caries and breakdown of the periodontium, as previously mentioned. 

Those teeth are also more likely to be extracted due to enamel hypomineralization resulting in severe 

breakdown, more susceptible to caries and discomfort for the patient.229 Again, this is in agreement with 
another study on the Icelandic adult population, which, however only included individuals aged 31-44 

years.225  

As a group, the maxillary premolars were notably more often missing than the mandibular ones. 
This difference is assumed to be due to the previously discussed susceptibility to periodontitis related 

to unfavorable root morphology.205,207,230 Additionally, premolars may have been missing due to 

extractions for orthodontic reasons. This may apply particularly for the maxillary first premolars, as they 

are less likely to be congenitally missing than the second premolars and are more often the teeth chosen 

in cases of Class I malocclusion with severe crowding or protrusion, due to position and size, whereas 
the extraction of second premolars is not suitable for larger discrepancies.231–233 Agenesis may have 

played a larger role than the "orthodontic extractions" in the number of missing mandibular premolars, 

much more so for the second ones. Yet extractions for orthodontic reasons are a plausible explanation 

for missing teeth of both mandibular first and second premolars. The higher proportions of missing 

posterior teeth may be due to them being multi-rooted teeth, such as molars and maxillary first 

premolars, have worse prognosis than single-rooted teeth when treated for PD.234 As well, caries 

extending to furcation areas of multi-rooted teeth, is frequently considered an indication for extraction. 

A total of 5.36% of the individuals of the study sample exhibited complete edentulism (Table 10). 

Edentulism was found to be 4.43% among adult males compared to 6.13% among adult females. 

Overall, complete edentulism in the adult Icelandic population seems to be declining, for both genders 

(see Table 14).235,236 This is in agreement with the currently accepted conception of declining prevalence 

of edentulism in all age groups in many (if not most) developed countries.61,198,237 Compared to the 

current study, edentulism among 35-44 year old Icelanders was considerably more common in both 

1962 and 1985. Edentulism among individuals in the youngest age group (35-44 years) was twice as 

common for women as for men, both in 1962 and 1985 while it was found to be almost the same for 
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both males and females in this current study (0.27% and 0.23%, respectively). Among those aged 65 

years and older considerably more individuals may have natural teeth now than in 1985.  

 
  Age groups 

   35 – 44 year old ³ 65 year old 

  Male  (%) Female (%)  Overall (%) Male (%) Female (%)  Overall (%) 

1962  19.1%  37.4% Missing data Missing data Missing data Missing data 

1985 5.7%    11.9%  9%  54%  87%  74-88% 

Current study  0.27% 0.23% 0.25% 11.6% 18.7% 15.5% 

Table 14: Comparison of prevalence of edentulism in adult Icelandic study sample. 

 

Counting or measuring missing teeth as a measure of dental disease has lately attracted more 

interest as tooth loss may be an important epidemiologic indicator of oral health.216,238 In this study, 
clinical examination was not performed and patient’s history was unattainable, therefore the reasons for 

tooth loss in the study sample was unknown. Yet, it is well known that periodontitis is a major cause of 

tooth loss in adults. Information on whether or not the loss of teeth resulted from PD would have given 

more reliable information on the prevalence of tooth loss related to peridontal diseases.  

5.2 The GWAS 
To date, GWAS have had limited success in identifying genetic variants for periodontitis, especially in 

the case of chronic periodontitis for which no statistically significant genome-wide associations have 

been found. Due to prior recruitment in deCODE’s ongoing study, genotypes and consents were at the 

time of this study available for the majority of individuals with usable OPGs in THÍ‘s database who met 

the study inclusion criteria, or 87%. 

This study was performed in collaboration with deCODE where the GWASs were conducted. Two 
case-control studies were conducted; GWAS a) comparing the defined patient group (N = 363) with the 

comparably defined unaffected group (N = 619) and GWAS b) comparing the defined patient group with 

188.050 population controls defined from participants in deCODE studies who had consents allowing 

for use of their data for these purposes. No association was identified that satisfied set significance 

criteria (see Manhattan plots in Fig. 21 and Fig. 22). Furthermore, none of the 17 markers previously 

reported to associate with periodontitis or periodontitis related phenotypes (significance threshold P = 

10-8) replicated in the Icelandic periodontitis GWAS (P < 0.05). 

The top signal in the GWAS comparing cases to population controls, was a rare intron variant (minor 
allele frequency (MAF) = 0.04% in Iceland) rs745561015 in the ABCA13 gene on chromosome 7, with 

P = 4.35 x 10-9 (threshold P = 7.0 x 10-10) (Fig. 22). ABCA13 gene is a large gene of the ABCA subfamily 

of ATP-binding cassette (ABC) transporters and tissue profiling of the major transcript reports the 

highest expression of the gene in the human trachea, testis and bone marrow.239 The function of 

ABCA13 gene is not well known, but it plays a part in pathways of the immune system and in neutrophil 

degranulation, which might point to it having a possible role in the pathogenesis of periodontitis. To our 
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best knowledge, no available data report an association for this variant and periodontitis and only a few 

studies have identified SNPs in this gene associating with diseases (GWAS catalogue: 

https://www.ebi.ac.uk/gwas/genes/ABCA13). 

As discussed earlier, the approaches currently used in GWAS studies conducted by deCODE 

genetics, were considered optimal for this current study and are considered likely to be applied in future 

studies. However, the more common P < 10-8 significance threshold, now regarded as outdated by 

many, is still used in some GWAS studies. Different approaches make comparison of results difficult 
and often impossible and differences in methodology might partly explain the reason for no variant being 

found. The 17 markers previously reported to associate with periodontitis or periodontitis related 

phenotypes (P £ 10-7) listed in the GWAS catalog181 (Table 13) were identified in studies that differ 

notably in methodology, quality and degree of validity and none of those listed in the catalog were 

identified using the same approach used and supported in research conducted by deCODE.1  

5.3 The classification criteria 
As mentioned before, many genetic studies on periodontitis are of limited use and value because of 

inadequate definitions of periodontitis and/or limited number of healthy control or case subjects for 

phenotype classification. A compromise has to be made on better phenotypic refinement or obtaining 
data from a sufficiently large population sample, in order to achieve statistical power for GWAS analysis.  

Studies report that accurate phenotype delineation or accurate description of the classification of 

phenotypes, may be more important for detecting true genetic associations than increase in sample 

size.240 Therefore, the classification criteria in this present study were designed to distinguish clearly 

between those who certainly had signs of periodontitis on panoramic radiographs and those who did 

not, even though it meant obtaining a smaller number sample in both groups, cases and controls. This 

was done in hope of getting a better distinction between the two groups. However, whether the criteria 

were too strict or not strict enough may be debatable. 

The criteria for the control group were considered rather straightforward as they were kept rather 

strict. This included not allowing for any missing teeth (except for third molars), not allowing for any bone 

loss exceeding 3.99 mm and excluding those showing sites impossible to measure, in case they had 

any bone loss. The previously mentioned "healthy-survival effect" was taken into account when 

designing the criteria. In this study congenitally missing teeth were treated as teeth missing for any other 

reasons, even though deciduous teeth were still in place. This resulted in an exclusion from the control 

group even for individuals showing no signs of bone loss, which still reduced the size of the control 
group. Including these individuals in the control group would, of course, have increased the numbers of 

individuals in the group. 

The inclusion criteria any individual had to fulfill in order to classify as clearly having periodontitis 

(case group) had to be decided. The idea was that if an individual presented with teeth in all or most 

sextants and had bone loss measuring ³ 6 mm around at least one tooth in most of those sextants it 

could be concluded that the individual indeed suffered from general periodontitis of a rather severe 
degree. This classification allows for some tooth loss from other cause than periodontitis, while still 
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requiring bone loss of a certain minimum to support the classification of an individuals as clearly having 

periodontitis.  

Individuals neither classified as healthy nor having signs of periodontitis according to the study 

classification were completely excluded from the genetic part of the study. Due to the strict classification 

criteria and the compromises that were made on the phenotypic refinement, this group may have 

included some periodontally healthy individuals, showing no evidence of bone loss around their 

remaining teeth, however missing one or more teeth likely due to other reasons than PD. This group 
included completely edentulous individuals as well. PD may be a plausible explanation for the tooth loss 

of edentulous individuals, however no consideration was given to the reasons for the loss of teeth as 

information in this matter was unattainable. 

Based on the fact, that studies have demonstrated, that generally almost no bone loss occurs before 

the age of 30 (especially in the case of CP)97 and the fact that numerous periodontal studies have used 

this same age criteria it was decided to include adults only, excluding individuals younger than 30 years 

of age. This arrangement was also considered to make comparison to other studies more valid.  

It might have been beneficial to include even younger individuals in attempt identify those who might 
be suffering from aggressive periodontitis (AgP), whereas the contribution from genetics in younger 

individuals (most often AgP) is higher than in older individuals (most often CP). Based on 

epidemiological twin and family studies with a higher rate of AgP it has been concluded that in younger 

individuals genetic risk variants might possibly play a stronger role in AgP than in CP, contributing for 

as much as 50% of causal factors, compared to 25% in older individuals.3 AgP is usually presented at 

a younger age as compared to CP and often visible even in the absence of some risk factors (such as 

long-term smoking and absence of plaque). On the other hand, by including younger individuals possibly 

having a genetic variant for periodontitis but not yet showing signs of CP, too many might have been 
classified as healthy or not having periodontitis, thereby risking a weakening of the control group.  

As already mentioned it is debated whether or not periodontitis is a consequence of becoming older 

or due to prolonged exposure to confounding factors over a lifetime (that inevitably increases with higher 

age) adding to the effect on the loss of attachment and bone.8,17,63 In other words, one can speculate if 

increased prevalence is more age-related, rather than age-dependent. The cumulative effects of the 

disease on older people might explain the increase in prevalence of periodontitis, rather than the aging 

in itself. Therefore, it can be discussed if excluding the oldest subgroup might have been of value, 
reducing some of the effect of age-related bone loss in the case group, due to age-related exposure to 

various risk indicators or factors. However, even though older individuals usually show more bone loss 

compared to younger adults, excluding the oldest individuals, especially those having little signs of bone 

loss, would have had weakening effect on the control group. 

5.4 Diagnosis using OPG radiographs 
It is important to mention again that all types of radiographs have limitations and do not produce 

completely accurate images of the actual anatomical structures. Scientific evidence supports that 

periodontal probing measurements performed clinically are more precise than measurements on any 
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type of radiographs, however, the difference is small and is not considered to have a major effect on the 

overall evaluation or treatment.86–88 Even though less accurate than intraoral radiographs, panoramic 

radiographs can be considered reliable in assessing periodontal status.71,88,89,99,103–106   

The inherent magnification effect of OPG radiography differs in magnitude for each image, which 

might affect the measured ABC-CEJ distance when compared to clinical measurements. However, the 

magnification is considered to have limited effect, especially on measurements in the vertical dimension 

in comparison to measurements in the horizontal dimension,109–111 such as the ones performed in this 

study. Therefore, despite some magnification in the vertical plane, vertical measurements on OPGs are 

considered having acceptable reliability. Even though some studies have shown statistically significant 
difference between the actual length and the measured vertical length of mandibular implants in the 

posterior regions on a panoramic radiograph, the correlation rate (CR) was close to 1 for all regions in 

the mandible and the difference was less than 1 mm for all regions (0.97 mm for the premolar region 

and 0.83 mm for the molar region). It has therefore been concluded that vertical measurements on 

OPGs could be made with confidence interval of only 1 mm.109 Furthermore, some studies have shown 

significant difference in the degree of vertical magnification between the maxilla and the mandible, with 

the posterior maxillary regions generally exhibiting the least distortion.110 This finding can be used to 
support the validity of our findings showing that maxillary molars do indeed exhibit the most pronounced 

bone loss. The highest distortion however, seems to be found in the anterior regions.241  

As previously mentioned, various factors, such as the patients’ position, different equipment types 

in addition to anatomical shape and structure of the patient may have additional effect on the degree of 

the magnification demonstrated on OPGs.112–114 In this present study, different panoramic radiograph 

machines were used during the years the OPGs were taken, which might to some extent affect the 

quality of the images, including the inherent magnification. In addition, it can be assumed that different 

operators and members of staff operated the radiographic machines during the years the images used 
in the study were taken. However, even resulting in small differences in measurements, this is 

considered to only minimally affect the classification of individuals into the case and control groups. 

In this study the digital tools in the Sidexis software were used for measuring the ABC-CEJ distance 

as well as for magnification of areas of interest, for better visibility if needed. At least one study has 

shown that vertical dimension measurements in the posterior regions in the lower jaw are reliable, 

acceptably accurate and reproducible using a calibrated machine and special software, similar to the 

method used in this current study.242 Another study has shown that significantly less bone defect depth 

was measured using digital measurement tools compared to surgical measurements, yet the overall 
difference was estimated as small.243 The latter study compared two different digital measuring tools as 

well, demonstrating insignificant difference between the two types of tools. However, in this current study 

only OPGs were examined and no clinical examination performed. As well, the same method and the 

same type of digital tool was used for measuring in all cases. The method of using digital tools of the 

Sidexis software was therefore considered acceptable for the use in this study. 

In this present study individuals were classified into categories using measurements of the distance 

between the alveolar bone crest and the cemento-enamel junction (ABC-CEJ), in millimeters. Even 
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though this small difference is of little clinical value, it might have some effect on measurements in the 

study. Generally, in many situations a difference of one millimeter can be considered small and of little 

effect. However, in this situation where only a very small distance is measured, a variance in the 

measurement of a small fragment of a millimeter can be the decisive factor in which group an individual 

is categorized. Yet, in this case, as a result of the classification criteria design, the difference between 

the measured distance and the actual distance would have had to be substantial and in several sextants, 

for an individual belonging to the control group to be wrongly classified as having periodontitis or vice 
versa. Due to the classification criteria design it can therefore be considered almost impossible to 

perform a classification error of this degree. However, it can be considered more likely that a small 

difference between the measured distance and the actual distance would have caused either a healthy 

individual or a periodontitis patient being classified into the "other" group, rather than the other way 

around, resulting in fewer numbers of individuals in the control and case groups, yet unaffecting the 

phenotypical difference of the two groups for comparison.  

In the present study only the proximal bone levels were measured, not the buccal or lingual ones. 

Radiographs do not allow for reliable measurements of the buccal and lingual bone levels due to 
overlapping of the buccal and lingual bone plates that, in addition, can hardly be identified. Therefore, 

the possibility of buccal and/or lingual bone resorption due to periodontitis was disregarded in this study. 

However, whereas the interproximal regions are less accessible for plaque removal they, logically, 

usually show the first (and most pronounced) signs of bone loss. Additionally, the interproximal regions 

are usually visible and accessible for viewing and measuring on OPGs as compared to the buccal and 

lingual regions. Therefore, the bone levels in the interproximal regions alone are considered to give an 

acceptable estimate on periodontal status on radiographs.  

All cases where measurements were deemed impossible at any site in a sextant, were specially 
registered. All individuals with any site in a sextant impossible to measure were excluded from the 

control group, even if the individual showed no signs of bone loss in other sextants. This was done in 

case the unmeasurable area demonstrated actual bone loss yet not visible on the OPG. This was done 

in order to collect only clearly healthy individuals in the control group, to keep its power high for 

comparison to the case group. In addition, each OPG deemed by the examiner as having considerable 

distortion, considered likely affecting the measurements conducted, was excluded from the study. The 

main reasons for areas to be deemed impossible to measure was due to overlapping of the posterior 
teeth or due to radiographic distortion of some kind. 

5.5 Is OPG radiographic examination alone a feasible method? 
One of the aims of the study was to evaluate if OPG radiographic examination alone is a usable method 

to identify and categorize individuals into two groups; individuals that have or have had signs of 
periodontitis (cases) and individuals without signs of periodontitis (controls) on OPG radiographs. 

Our opinion is that this has been accomplished in the present study and that this method is usable 

at least to some extent. In our experience the method used is efficient and practical, but not perfect. It 
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can be replicated and used by other examiners in similar and related studies and can be used to 

compare results of new studies to the results of this current one.  

Figure 23 and Table 15 show that the individuals in the case group had both severe and generalized 

signs of periodontitis. The prevalence of individuals in the case group that had PD (ABC-CEJ > 5.99 

mm) in all sextants in which teeth were present was found to be close to 50% for individuals that 

presented teeth in four, five and six sextants. In agreement with the definitions used, individuals that 

had teeth present in only one, two or three sextants were found to have periodontitis in all those sextants. 
Furthermore, a total of 58.49% (n = 217) of the case group (n = 371) showed signs of PD (ABC-CEJ > 

5.99 mm) in all sextants in which teeth were present. These findings support the validity of the 

classification system for periodontitis designed and used in this study. In addition, other findings for the 

case and control groups are mostly in accordance with the results of other studies based on clinical 

examination and diagnosis, suggesting that diagnosis using OPGs is efficient, at least for diagnosis for 

individuals with severe signs of bone loss. 

 

 

Figure 23: A chart demonstrating proportions of individuals in the case group that have the defined signs of 

periodontitis (class C and D, ABC-CEJ > 5.99 mm) in all sextants in which teeth were present.   
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Number of 
sextants 
presenting teeth 
(X) 

Number of 
individuals with PD 
in all sextants 
presenting teeth 

Number of individuals in 
the case group with 
teeth present in X 
number of sextants 

 
% 

6 77 174 44.25 
5 26 59 44.07 
4 16 40 40 
3 31 31 100 
2 23 23 100 
1 44 44 100 
Total 217 371  

 
Table 15: Proportion of individuals in the case group with the defined signs of periodontitis (class C and D, 

ABC-CEJ > 5.99 mm) in all sextants with teeth present. 

 
As mentioned in Chapter 5.4 OPG radiographs have their limitations. In order to more accurately 

determine if the individuals in the two groups examined are actual periodontal patients or non-

periodontal patients an additional clinical examination of the same individuals is needed. Some bone 

loss on the radiographs examined may have been measured incorrectly or may not have been visible 

at all, such as due to overlap of structures, yet bone loss at the same sites might have been detected 

by clinical pocket probing. As well, only the proximal sites were viewed on the radiographs and ABC-

CEJ measured, as the buccal and lingual bone plates overlap, making measurements at those sites 
impossible. Clinical examination would therefore allow for measurements at more sites around each 

tooth. Nevertheless, clinical examination and pocket probing may have had limitations as well, such as 

inaccurate reference points due to hyperplasia or swelling of gingiva, bleeding affecting visibility or lack 

of proximal accessibility on teeth supporting bridges with pontics. Adding clinical examination to the 

methods used in this current study might have given more reliable results and added power to the study.  

In our opinion it is feasible to study periodontitis retrospectively using OPG radiographs. In our 

opinion it is possible to identify individuals with severe/general signs of periodontitis on OPGs quickly 

and effectively using the method presented in this study. Our estimate is that it takes no more than 2-4 
minute to identify and categorize each individual, which allows for a swift scan through large amounts 

of radiographs in a short amount of time. Therefore, it is a valuable method for adding power to studies 

through involving large numbers of patients. Despite the fact that the method used in this present study 

has not been confirmed, with clinical examination, to actually identify real periodontal and non-

periodontal patients, we have reason to believe it is accurate.  

5.6 Strengths and limitations of the study 
To our knowledge, no other GWAS study has previously been conducted in the exact same way as the 

present one. Differences in methodology and in setting genome-wide significance thresholds complicate 

comparison of available genetic studies and most often make it near impossible. Previous available 

GWAS for periodontitis have investigated numerous different factors, such as presence or absence of 
periodontitis, degree or severity of PD, microbial factors and more, reporting limited results and being 

of negligible clinical use.  

The diverse population sample obtained from THÍ’s database was relatively large. The dental clinic 

at The University of Iceland (THÍ) is the only dental education clinic in Iceland, which proportionately 
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large numbers of individuals seeking dental treatment for various reasons. Whereas all individuals 

visiting the dental clinic have their radiograph taken the database at THÍ stores a large number of 

panoramic OPG radiographs. In addition, some patients are referred to the university clinic from general 

clinicians working outside of the University to have their panoramic OPGs, often related to various 

pathologies or in preparation of wisdom teeth extractions, indeed adding the number of OPGs available. 

As the students at the University of Iceland are being trained as general dentists, the reasons for patient 

visits are numerous and considered not to be confined to any one subcategory of dentistry. The reasons 
for the each visit were unknown to the examiner.  

Nevertheless, as mentioned before, the study sample is a convenience sample, which may be 

biased and may not give a true representation of the dental status of the adult Icelandic population. The 

cost of examinations and treatment at THÍ is lower than at general clinics outside THÍ which may be 

considered the reason for a large part of the patients visiting this clinic. This might have resulted in an 

unusually large group of individuals of a lower SES status, in contrast to other clinics and therefore 

possibly less optimal periodontal status than the general population and overall higher prevalence of 

tooth loss. Studies have shown that the prevalence of PD for a group of lowest levels of SES can be 
twice as large as the prevalence of PD for a group of the highest level of SES, for both poverty and 

education.55 In addition, individuals of lower SES are considered more likely to smoke compared to 

individuals of higher SES56–60 which has been shown to affect periodontal health. Therefore, the use of 

the convenience sample in this study might be considered a weakness and cause bias whereas it might 

not ideally represent the Icelandic adult population in general. Thus, it may be of interest to replicate the 

study using a randomized sample of the total adult population of Iceland.  

Examination of all of the OPGs in the study was performed by one examiner only, which is 

considered to offer more consistency in measurements and registrations, supported by the intra-rater 
reliability testing performed in the study (see Table 11). The observed accuracy was considered  high, 

as for the inter-rater tests it was 91.03% and 88% for the first and second intra-rater test, respectively. 

The results of the intra-rater reliability test were considered to show minimal measuring error and 

classification error and thereby strengthening the classification for phenotyping. The high inter-rater 

agreement ratio (90.02%) is considered showing that the method used for measuring and classifying 

individuals into groups based on periodontal status is usable and is relatively reliable for identifying 

individuals with seemingly healthy periodontium and individuals with signs of periodontitis.  

Despite some difference in the classifications when radiographs were re-examined and when 

registrations were made by a different examiner the difference may be estimated as small. In all cases 

where the re-examinations differed from the primary registrations, the classification only changed from 

one group to the next. For example, individuals that had previously been classified into the control group 

in the primary examinations were never classified into the case group, in the re-examinations or vice 

versa. Rather, individuals classified into the control or the case group were in some instances classified 

into the "other" group when re-examined. In very few instances individuals that had been classified into 

the "other" group were classified into the case group (7.54% in the first intra-rater test) or into the control 
group (5.08% in the second intra-rater test and 1.2% in the inter-rater test). Even though a few 
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individuals were "lost" from the case group or the control group as they were in all instances classified 

into the "other", leading to a smaller group when re-examined this did not increase the heterogeneity in 

the case or the control groups. Yet, all five individuals of the case group included in the reliability test 

were lost into the "other" group in the second intra-rater test and the inter-rater test, which may have 

caused bias in the study. It is possible that a small number of remaining teeth of those individuals might 

have played a part in the classification error in the reliability tests, resulting in less room for measuring 

error, resulting in a different classification. Nevertheless, the samples in the reliability test were small 
and larger test samples of re-examined OPGs in the intra- and inter-rater examinations would have 

given more reliable comparison and validity of the methods used.  

The unique genetic research resources already established by deCODE were of  great value to this 

study. Genetic studies on the Icelandic nation have superior advantage compared to genetic studies on 

other nations owing to a founder effect, the genealogy and size of the nation stretching a long way back 

in time, the high numbers of volunteer participants and good access to nationwide and universal 

healthcare information. deCODE’s work allows imputing and enables predictions of genotypes 

(imputation methods) by using the Icelandic genealogic records, which increases the amount of data 
obtained from genotyping and sequencing alone.  

However, the genetic data resource at deCODE has some limiting factors as well, such as limited 

amount of genetic data and the homogeneity of the population involved (individuals of Icelandic/Nordic 

decent).186 In small isolated populations, such as in the Icelandic one, there are fewer very rare variants 

than in a larger more outbred populations and due to the same reason some deleterious sequence 

variants may reach higher frequency in this population, owing to the small size of the population and the 

founder effect. This means that a small number of ancestors can be accounted for a large proportion of 

the population.168 For this reason, very rare variants in larger and more outbred population may be much 
less common in the Icelandic one. 

The phenotypic description and grouping of individuals was a challenge, possibly partly explaining 

why no variant reached statistical significance. The biggest challenges included the lack of concrete 

definitions of periodontitis and the decision making on the preferences used when designing the study 

criteria and phenotype classifications. For example, even though most studies to date have used AgP 

and CP as two distinct phenotypes they are now (as of recently) considered as one and the same 

disease, yet with different expression or progression rate, depending on lifestyle and environmental 
factors of each individual. This recent classification (see Table 1) was used in this study, complicating 

comparison to older studies. Other challenges (previously discussed) were measurements limitations 

on OPGs compared to actual clinical or surgical measurements and/or general measurement 

inaccuracy. 

Controlling for co-variates, such as age, smoking, microbiota, SES as well as other factors was not 

performed for the disease and disease free case-control GWAS in this study. Matching cases and 

controls for known covariates may introduce unintended biases, and larger samples and more covariate 

data are required than were available to this study. Although the second GWAS approach, using a large 
sample of population controls (N = 188,050), increased the power to detect unbiased sequence variants, 
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a significant association was not detected. In future studies, data collected from OPG radiographs 

supplemented with comparable clinical data and information on periodontal risk factors/indicators, such 

as smoking and microbial data, will be of interest. 
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6 Conclusion  

Periodontitis is a common disease, affecting millions of individuals world-wide. The global burden of 

periodontitis is high, affecting the overall health and the well-being of a vast number of individuals and 

treatment is time-consuming and costly. Identifying genetic variants associated with risk of periodontitis 

might enable specialists to identify individuals at higher risk of developing periodontitis earlier, increase 

and enhance preventive care and therefore manage the disease progression better. The identification 
of genetic variants associated with periodontitis might also unveil unknown biological pathways, markers 

and/or new drug-targets which might allow for a development of new more efficient treatment modalities 

of lower cost. Thus, genetic studies on periodontitis may be of great value. 

The main objectives of this present study were to create standardized diagnostic criteria and 

determine its feasibility to retrospectively evaluate a large set of OPG radiographs and then to use the 

defined phenotype data on periodontitis in GWAS studies to look for sequence variants that associate 

with risk of the disease in Iceland. While the clinical criteria set for identifying periodontitis and disease 
free individuals was found to be reliable, no genetic variants were found that reached the set criteria of 

significance. However, the GWAS results obtained in this study can now be tested in meta-analyses of 

GWAS results on periodontitis in other populations. To find relevant associations with complex diseases 

using GWAS, large sample sizes are required and the accuracy of the defined phenotype for study is a 

key element.  

The methods described in this study are thought to be usable to identify and categorize individuals 

into two groups of patients. Here, the phenotypes defined were "periodontal" and "non-periodontal" 

patients, using only measurements on OPG radiographs. The system developed is reliable, easy to use 
and cost-effective, as well as allowing for rapid screening of large samples of individuals in a short time. 

Findings for the case group are in accordance with other findings for periodontitis based on clinical 

examination and diagnosis, suggesting that diagnosis using OPGs is efficient, at least for individuals 

with severe and general signs of periodontitis. Future studies are needed to compare the OPG based 

phenotyping with clinically diagnosed periodontitis cases and establish the sensitivity and specificity of 

the OPG diagnostic criteria. 

In conclusion, the results of this study emphasize the need for further research on the use of OPG 
images as a tool for creating phenotype definitions for genetic studies. Furthermore, future studies on 

the genetics of a complex disease such as periodontitis may need larger sample sizes in more 

homogenous populations and more standardized definitions of phenotypes. There is also a need for 

more studies on the causative factors for periodontitis as well as for establishment of more universal 

methods and setting of statistical thresholds for discovery, validity and comparison to further explore the 

complexity of periodontitis. 
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