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Abstract 

 

Objectives. To determine which types of bone lesion (spicules, lobules, porous bone) in the maxillary 

sinus indicate sinusitis 

 

Methods. Subadjacent dental disease is a cause of maxillary sinusitis; if a lesion type indicates 

sinusitis it should be more common above diseased posterior maxillary teeth than a lesion type that 

is not indicative of sinusitis. The study sample is a British Mediaeval human skeletal collection. 

 

Results. Porous bone lesions (chiefly new bone deposits) in maxillary sinuses are associated with 

subadjacent dental disease; spicules/lobules of bone in the sinus are not.  

 

Conclusions. The results support the idea that porous lesions indicate sinusitis but the 

spicules/lobules may not. Spicules, lobules and porous lesions within the maxillary sinus should be 

analysed separately in biocultural studies; it would be prudent to regard only the porous lesions as 

indicative of sinusitis. 

 

Significance. Maxillary sinusitis is commonly used as a health indicator in palaeopathology, and 

spicular deposits are generally the most common type of alterations. By assuming that they are 

indicative of sinusitis we may have been greatly overestimating the prevalence of bony sinusitis in 

the past.  

 

Limitations. These conclusions are provisional. Further work on larger, more diverse samples, 

together with more detailed anatomical studies on lesion location and structure is ongoing.  

 

Keywords 

Spicules; porosity; dental disease; odontogenic  

 

1. Introduction 

Rhinosinusitis1 is inflammation involving the mucosal lining of one or more of the paranasal sinuses. 

Chronic rhinosinusitis (CRS), defined as disease of at least 12 weeks duration, is today a highly 

prevalent condition with significant socioeconomic impacts (Fokkens et al., 2020). In the maxillary 

sinuses, some CRS may be odontogenic in origin, with infection in the subadjacent posterior 

maxillary tooth row being transmitted via the floor of the sinus (Vidal et al., 2017). Despite this, most 

cases are rhinogenic (Martu et al., 2022): that is, transmitted via the nasal airways. There are 

multiple risk factors for CRS, but studies have consistently demonstrated a link with aerial pollutants, 

especially particulates (Leland et al., 2022). 

 

                                                           
1 ‘Rhinosinusitis’ is the preferred term over ‘sinusitis’ in biomedicine given the mucosal continuity between the 
paranasal sinuses and the nasal cavity proper (Ferguson, 2014). Here we only use ‘sinusitis’ when we refer 
specifically to alterations within the sinus itself. 
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A key imaging finding in rhinosinusitis in patients is thickening of the mucosal lining of the sinuses 

(Momeni et al., 2007; Mafee et al., 2016). It has been known for some time that thickening of the 

bony sinus wall, by deposition of new bone upon its internal surface, may also occur in CRS (e.g. 

Buchner & Lessel, 1978 & refs therein). Recent work using study groups of large sample size suggests 

that bone changes sufficient to be visible on CT in one or more of the paranasal sinuses may be 

rather frequent among individuals showing CRS. Lee et al. (2006) report a prevalence of 36% (N=121 

cases of CRS; maxillary, sphenoid, ethmoid sinuses examined); 16% showed alterations specifically in 

the maxillary sinuses. Studies by Kim et al. (2006) and Georgalas et al. (2010) each report 

prevalences of 64%: in the former N=81, maxillary and ethmoid sinuses and middle turbinates 

assessed; in the latter N=102, all 10 sinuses evaluated. Snidvongs et al. (2012, 2013) found a 

prevalence of 51% (N=88, all 10 sinuses assessed). Bony alteration is associated with increased 

severity of mucosal inflammation (Telmesani & Al-Shawarby, 2010; Bhandarkar et al., 2011) and with 

increased duration of disease (Georgalas et al., 2010).   

 

For more than 60 years, palaeopathologists have taken the presence of new bone on the internal 

surfaces of the paranasal sinuses as an indicator of CRS (e.g. Roney, 1959; Wells, 1977; Suzuki et al. 

1983). The focus of study in skeletal remains has almost exclusively been the maxillary sinuses, as 

they are the largest and most readily accessible of the paranasal sinuses. The link between CRS and 

atmospheric pollution has led to the use of maxillary sinusitis in palaeopathology as an index of air 

quality in the past. Quantitative, population-based, biocultural studies of maxillary sinusitis have 

been undertaken to investigate the effects on access to adequate air quality of urbanisation (Lewis 

et al., 1995; Panhuysen et al., 1997; Bernofsky, 2010; Sundman & Kjellström, 2013a,b; Boyd, 2020; 

Krenz-Niedbala & Łukasik, 2020; Casna et al., 2021, 2023), socio-economic status (Digangi & Siriani, 

2017; Casna & Schrader, 2022), industrialisation (Buckberry & Crane-Kramer, 2022), and general 

living conditions (Wells, 1977; Gregg & Gregg, 1987; Cybulski, 1988; Brothwell & Browne, 1994; 

Merrett & Pfeiffer, 2000; Liebe-Harkort, 2012; Teul et al., 2013; Magalhães, 2018; Mahoney-Swales, 

2018; Davies-Barrett et al., 2021a,b; Riccomi et al., 2021). There have also been investigations of 

links between CRS and other upper respiratory problems, such as nasal obstruction (Mays et al., 

2014; Magalhães et al., 2017); systemic infectious conditions with nasal involvement, such as leprosy 

(Boocock et al., 1995); lower respiratory infections, as indicated by periosteal lesions of costal 

elements (Bernofsky, 2010); and middle ear disease (Collins, 2018). 

 

The normal internal surfaces of the maxillary bony sinus are of compact bone. They are generally 

fairly smooth, with some perforations and channels for small nerves and blood vessels; the floor of 

the sinus may be rather irregular, reflecting the profile of the root tips of the underlying dentition 

(Boocock et al., 1995; Lewis et al., 1995; Sundman & Kjellström, 2013a). Bone abnormalities 

recorded in the maxillary sinuses generally take the form of spicular projections or rounded ‘lobules’ 

of bone, or else finely or more coarsely / irregularly porous bone. Although the spicules / lobules 

may show some porosity on their surfaces, this is generally not marked, and they have compact 

bone surfaces. These basic types were described nearly 30 years ago by Boocock et al. (1995), a 

publication that has been influential in palaeopathology (Lee et al., 2024). However, for purposes of 

analysis in biocultural studies, the different types of alterations are commonly combined to give an 

overall prevalence of maxillary sinusitis.  

 

In the skeleton, inflammation, which may arise due to infection, may elicit new bone formation 

beneath the periosteum. This generally takes the form of one or more layers of new bone upon an 

extant cortical surface (Resnick, 1995: 4435; Wenaden et al., 2005; Allen et al., 2023). Initially, 

deposits take the form of woven bone. Grossly, this appears as a discrete lens of bone with sharply 
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demarcated edges. It has a finely porous surface, reflecting the loose organisation of the mineralised 

osteoid fibres and the abundant vascularisation. As a deposit remodels, and the bone becomes more 

organised and the vascular channels fewer, the surface loses its finely porous nature and 

progressively assumes a more coarsely porous appearance. The bony texture gradually becomes 

more corticated and the lesion-edges begin to blend more smoothly with the surrounding cortex 

(Ortner, 2008; Weston, 2008). Porous new bone deposits observed in the maxillary sinuses appear to 

morphologically resemble this type of bone elicited in response to inflammation produced by 

infection elsewhere in the skeleton. Finely porous new bone observed in the sinus probably 

represents less remodelled, and the more coarsely porous deposits more thoroughly remodelled 

lesions. However, the lobules, and especially the spicular forms of bone deposition, are 

morphologically rather different. This raises the possibility that they might arise via some process 

other than inflammation in the sinus, and hence that the interpretation of their presence as 

indicative of CRS may be erroneous. This possibility has been raised previously (Mays et al., 2014; 

Davies-Barrett et al., 2021b), but has not, to our knowledge, been systematically investigated. This is 

an important problem because spicular deposits are generally the most frequent bone alterations 

seen in the maxillary sinus in skeletal collections (e.g. Boocock et al., 1995; Lewis et al., 1995; 

Bonofsky, 2010; Sundman & Kjellström, 2013a; Riccomi et al., 2021). If we are in error in considering 

these, and the apparently rarer lobules, as indicators of sinusitis, then our estimates of prevalences 

of bony maxillary sinusitis in past populations would be greatly inflated. For example, using data in 

Davies-Barrett et al. (2021b) and in Teul et al. (2013), omitting spicules and lobules reduces the 

prevalence of maxillary sinusitis among their ancient Peruvian and Polish samples from 94% to 19% 

and 75% to 33% respectively.  

 

The clinical imaging literature generally refers to hyperostotic changes in CRS in terms of thickening 

of maxillary sinus walls (e.g. Buchner & Lessel, 1978; Tovi et al., 1992; Kim et al., 2006; Lee et al., 

2006; Georgalas et al., 2010; Snidvongs et al., 2012). It is of little assistance in resolving the precise 

morphology of bony deposits (lobular, spicular, porous).  Rather than attempt to make comparisons 

with clinical images, it may be more useful to take an indirect approach in order to investigate 

whether these different types of alterations are linked with sinusitis in ancient remains. As 

mentioned above, dental disease in the maxilla is a potential cause of sinusitis. Clearly, infection in 

the underlying maxillary tooth row does not invariably lead to sinusitis, and conversely, sinusitis may 

occur in its absence due to rhinogenic causes. Nevertheless, because of the potential for maxillary 

sinusitis to arise due to direct extension from maxillary odontological infection, a lesion type within a 

maxillary sinus that is indicative of sinusitis should be more frequent above diseased tooth sockets 

than a lesion type that is not indicative of sinusitis. Our study is based on this premise. 

 

2. Materials and methods 

The study material comes from the deserted village of Wharram Percy, England. The remains date 

primarily from the 11th-14th century CE (Mays, 2007). This collection was chosen for the current work 

for several reasons. It is of large size (N=360 adults). The remains were macroscopically well 

preserved, but the facial bones were fragmented, facilitating observations of internal maxillary sinus 

walls. Previous works (Lewis et al., 1995; Mays et al., 2014) indicated a prevalence of sinus 

alterations (51% and 58% respectively in adults) sufficient to provide a workable sample.  

 

Entry criteria for the current study were that the individual be adult (ca. 18+ yrs) and had at least 

one maxillary sinus zone (see below) present for observation. All recordings were undertaken 

macroscopically. No endoscopy was performed, so fully intact sinuses were not investigated. A total 
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of 119 left and 121 right maxillary sinuses from 133 individuals were studied (107 individuals 

preserved both sinuses, 26 preserved only one).  

 

Each maxillary sinus was divided into three anatomical zones, corresponding to the inferior, medial 

and lateral walls (Fig. 1). A zone was considered to be available for observation if at least 50% of it 

was present.  Lesions in the roof of the sinus were not studied because this region was rarely 

preserved. In each zone, alterations were recorded as shown in Table 1, and illustrated in Figure 2.  

 

Table 1. Observations on internal sinus walls 

 

Code Description 

- Zone missing (i.e. unobservable) 
0 No lesions 
1 Spicules 
2 Lobules 
3 Fine porosity 
4 Coarse porosity 

  

The classification in Table 1 was adapted from that of Boocock et al. (1995). Lobules and spicules 

follow their descriptions, although for the latter no attempt was made to distinguish their ‘spicule’ 

and ‘remodelled spicule’ categories. For porous lesions, we divided our lesions into fine and coarse 

porosity; the reason for this was that we felt that this was likely to correspond to degrees of 

remodelling in instances where porosity was due to deposits of new bone within the sinus. Fine 

porosity consisted of closely spaced, fine pores (Fig. 2d). Lesions classified as coarse porosity showed 

pores that were larger, generally more variable in size, and more widely spaced (Fig. 2e). Where 

either fine or coarse porosity was observed, the extent to which it reflected new bone formation 

versus porosity of existing bone was evaluated by studying closely the margins of lesions in order to 

determine whether they were elevated with respect to the surrounding bone, which would be 

suggestive of bone formation. If more than one type of bone alteration was present in a single zone, 

the predominant type was entered on the record sheet, but a note was made of the subsidiary 

type(s). The presence of any oro-antral fistulae (Sundmann & Kjellström, 2013a: Fig. 3) was also 

noted. All burials were recorded by a single observer (AV). Twenty-nine individuals, yielding 54 

sinuses, selected at random were re-recorded, at an interval of two weeks, to investigate 

intraobserver error in the recording of sinus lesions.  

 

Today, the most frequent odontogenic cause of maxillary sinusitis is iatrogenic: inadvertent 

perforation of the sinus floor during dental surgery (Lechien et al., 2014). In non-iatrogenic cases, it 

occurs as contiguous infection from the subadjacent tooth row, the mechanisms of which were 

elucidated in a classic study of cadaver preparations by William Bauer (Bauer, 1943). That work 

demonstrated that no direct connection between oral cavity and maxillary sinus (in the form of a 

fistula) was required. Odontogenic infection from the apical area of a tooth root is transmissible, via 

the dense network of blood vessels and lymphatic tissue in the bony floor of the antrum, to the 

mucosal lining of the sinus. In instances where this had occurred, inflammation of the mucosa lining 

on the sinus floor was observed, but a localised bony reaction was also sometimes evident. In the 

subadjacent posterior maxillary dentition, both periapical infections from root canal disease and 

deep gingival pockets could potentially lead to sinus infections. Subsequent studies confirm that, 

aside from iatrogenic causes, periapical infections resulting from tooth root canal disease (Shanbhag 

et al., 2013; Sheikhi et al., 2014; Troeltzsche et al., 2015; Nunes et al., 2016; Sakir & Yalcinkaya, 2020; 
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Curi et al., 2020; Dumitrescu et al., 2021; Kuligowski et al., 2021; Huang et al., 2021) and advanced 

periodontitis, particularly with formation of deep periodontal pockets (Sheikhi et al., 2014; Ren et 

al., 2015; Troeltzsche et al., 2015; Aksoy & Orhan, 2019; Lathiya et al., 2019; Curi et al., 2020; 

Kuligowski et al., 2021; Huang et al., 2021; Bisla et al., 2022) are the chief causes of odontogenic 

maxillary sinusitis. 

 

As noted above, it is advanced periodontitis that is associated with maxillary sinus disease. 

Degradation of the periodontal ligament and loss of alveolar bone characteristic of advanced 

periodontal disease result in loss of support for the dentition. Advanced periodontal disease is a 

leading cause of tooth loss today (Darveau, 2010; Hajishengallis et al., 2020; Balta et al., 2021). In 

skeletal populations, ante mortem tooth loss (AMTL) is multifactorial, with factors such as super-

eruption of teeth in high attrition environments (Clarke & Hirsch, 1991) and perhaps, on occasion, 

extraction of painful teeth (Kerr 1998) being likely contributors. However, as today, advanced 

periodontal disease was likely a major cause (Ogden, 2008; Larsen, 2015: 81). Whilst we are mindful 

of the multicausal nature of AMTL, in the light of the above discussion, we use AMTL as a marker of 

the probable presence of previous advanced periodontal disease and hence of the previous 

existence of deep periodontal pockets or (probably to a lesser extent) periapical lesions 

consequential upon root canal infection due to advanced caries or advanced attrition.  

 

The maxillary sinus normally lies above the post-canine dentition (Hauman et al., 2002). Maxillary 

sinuses above first premolar to third molar tooth sockets with one or more periapical voids and/or 

one or more tooth positions showing AMTL (hereafter denoted ‘diseased’ tooth rows) were 

distinguished from those above tooth rows that did not show these particular pathologies (hereafter 

denoted ‘healthy’ tooth rows).  These dental pathologies, and age at death and sex of the 

individuals, were recorded as previously described (Mays 2007: 85, 133). For any class of sinus 

alteration (porous versus spicules / lobules) that proved to be statistically associated with diseased 

tooth rows, closer anatomical study was made of the nature and location of changes within sinus 

Zone 1. The purpose of this was to more closely evaluate anatomical links between dental disease 

and porous bone in the basal part of the sinus, with an aim of aiding the biological understanding of 

any statistical links that might be found.  

 

Patterning in results is evaluated using inferential statistical tests applied to contingency tables (Zar, 

1999: 486-502), with p values for significance set at 0.05. Observer error was quantified using 

Cohen’s kappa (Bland, 2015: 317-322).  

 

3. Results 

 

The demographic composition of the study material is shown in Table 2. 

 

Table 2. Age / sex balance of the study sample 

 

Age (yrs) Sex Total 

 Female Male Unsexed  
18-29 14 14 0 28 
30-49 33 28 1 62 
50+ 18 25 0 43 

Total 65 67 1 133 
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Observer error. For sinus Zone 1, recording was found to be without error (ie 100% agreement 

between original and repeat observations). For Zones 2 and 3, percentage agreement was 94.4% and 

96.3% respectively; kappa (Bland, 2015: 317-322) values were 0.90 (95% CI=0.80-1.00) and 0.95 

(95% CI=0.88-1.00) respectively. 

 

Few zones (26/556) showed mixed lesions. In every instance, these comprised one clearly dominant 

type of lesion with a very minor additional element. For analytical purposes, these cases were 

therefore subsumed into the main scores according to their primary (dominant) element. Lesion 

frequency is summarised in Table 3. 

 

Table 3. Cross-tabulation of lesion type versus location within sinus (left and right sides combined, 

observations on a total of 240 sinuses) 

 

 Lesion type  

 Normal Spicules Lobules Fine 
porosity 

Coarse 
porosity 

Total  

Zone1 
(sinus 
floor) 

125 
(53%) 

72 
(31%) 

6 (3%) 13 (6%) 19 (8%) 235 

Zone 2 
(Medial 
wall) 

99 
(74%) 

29 
(22%) 

3 (2%) 0 2 (2%) 133 

Zone 3 
(lateral 
wall) 

118 
(63%) 

51 
(27%) 

5 (3%) 4 (2%) 10 (5%) 188 

Total 342 152 14 17 31 556 

 

There is no age or sex patterning in any of the lesions (Supplementary data). Bone changes of all 

types tend to show greater prevalences in Zone 1 than on the medial or lateral walls of the sinus 

(Table 3). In part this may be a taphonomic effect. Although at least 50% of a zone needed to be 

preserved in order for an observation to be entered, taphonomic damage to the (thinner) vertical 

sinus walls was generally greater than to the (thicker) sinus floor, so that loss of bony alterations 

would likely have been greater in the former. Spicules were by far the most commonly observed 

alteration in all zones.  

 

For analytical purposes, the lesion types were henceforth collapsed into porous (combined coarse 

and fine porous lesions) versus spicules / lobules. The ratio of porous lesions: spicules / lobules was 

greater in Zone 1 (0.41) than elsewhere (0.06 in Zone 2, 0.25 in Zone 3). For statistical purposes, 

observations on left and right sinuses in a given individual cannot be considered independent 

observations, invalidating inferential statistical tests on sides combined. When split by side, the 

above patterning with regard to lesion type by zone failed to reach statistical significance (right side 

chi-square=3.86, 2df, p=0.14; left side chi-square=5.02, 2df, p=0.08). 

 

Fourteen sinuses in 13 individuals showed oro-antral fistulae. Of these, five sinuses showed no bony 

deposits in Zone 1. One showed fine porosity, seven coarse porosity; one showed spicular bone.  

 

If a sinus lesion type is associated with sinusitis then it should be more frequent above sockets 

showing the type of disease that may lead to sinusitis than a sinus lesion type that is not indicative of 

sinusitis. Results for the total of 110 sinuses that show lesions (see Table 3) are given in Table 4. 
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Spicules / lobules were evenly distributed supra-adjacent to diseased and non-diseased tooth rows. 

However, 26/32 (81%) of porous lesions in Zone 1 occurred supra-adjacent to diseased tooth rows. 

For both left and right sides the difference in the distribution of lesion types was statistically 

significant (Table 4). 

 
Table 4. Frequency of porous and non-porous lesions in Zone 1 (sinus floor) above diseased and non-

diseased tooth sockets 

 

Left side 

 Maxillary tooth sockets Total 
Sinus zone 1 Healthy Diseased  

Spicules / lobules 23 16 39 
Porous lesions 4 11* 15 
Total 27 27 54 

Chi sq=4.52, 1df, p=0.03. φ=0.29 

*5 sockets periapical void, 2 sockets AMTL, 4 sockets both periapical void and AMTL. 

 

Right side 

 Maxillary tooth sockets Total 
Sinus zone 1 Healthy Diseased  

Spicules / lobules 16 23 39 
Porous lesions 2 15* 17 
Total 18 38 56 

Chi sq=4.65, 1df, p=0.03. φ=0.29 

*6 sockets periapical void, 6 sockets AMTL, 3 sockets both periapical void and AMTL. 

For definition of ‘healthy’ and ‘diseased’ tooth rows, see text. 

 

A pattern resembling that observed in Zone 1 was also seen in lesions in Zone 3 (too few 

abnormalities were found in Zone 2 to establish a pattern). With sides combined, 13 of 14 sinuses 

showing porous lesions in Zone 3 also show diseased maxillary tooth rows; for spicules / lobules in 

Zone 3, 26 cases occur in the presence of healthy tooth rows in the same sinus, and in 29 cases they 

occur with diseased tooth rows. The association between lesion type in sinus Zone 3 and whether 

ipsilateral maxillary tooth sockets were diseased or healthy is significant for the right side (chi-

square=4.61, 1df, p=0.03) but not for the left (chi-square = 2.34, 1df, p=0.12). In 11 of the cases of 

porous lesions where there is dental disease, the Zone 3 alterations are also accompanied by porous 

lesions in Zone 1 of the same sinus.  

 

Because of the consistent statistical association between porous lesions in Zone 1 and subadjacent 

tooth row disease, a closer study was made of the location of porous lesions in Zone 1. Distinction 

was made between lesions that covered the general surface of Zone 1 and those that remained 

localised; for the latter it was noted whether it was possible to associate them with a specific 

subadjacent dental lesion.  

 

The coarse porous lesions observed in the current study invariably covered the general surface of 

Zone 1. This was the case irrespective of the numbers of diseased subadjacent tooth positions, which 

ranged from zero to four. In 16 instances, the alterations consisted of deposits of porous bone upon 

the extant bone surface of the sinus floor. In the remaining three cases, this seemed likely but could 

not be conclusively confirmed because the deposits were so well-remodelled that their edges 

blended smoothly with the surrounding bone surface.  
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Turning to the finely porous lesions, in five instances they covered the general surface of Zone 1. In 

the remaining eight, they were focal. In seven of these, the lesions were confined supra-adjacent to 

the only one or two sockets in the subadjacent tooth row that were diseased (five periapical lesions 

and two cases of AMTL). In 11 instances, lesions were new bone deposits; in one case, the lesion 

comprised porosity of the extant surface with no gross evidence of new bone deposition, and one 

case was not clear.  

 

4. Discussion  

The bony walls of the nasal cavity and sinuses are lined not with periosteum but with Schneiderian 

membrane (Whyte & Boeddinghaus, 2019). This has a tripartite histological structure, comprising a 

superficial epithelial layer, a lamina propria rich in blood vessels, and an inner layer adjacent to the 

bone surface. Histologically and cytologically, the inner layer resembles periosteum, and it appears 

similar in its osteogenic potential (Ren et al., 2022). The Schneiderian membrane possesses the form 

and function both of a mucosa and a periosteum. There is thus little a priori reason to believe that 

inflammation of the Schneiderian membrane in response to infection should give rise to bone that 

differs in its macroscopic morphology from that produced by inflammation in response to infection 

elsewhere in the skeleton. Our findings in the current study are generally consistent with this. The 

association between porous lesions in Zone 1 of the maxillary sinus and bony indicators of 

subadjacent dental disease of the type that biomedical studies show to be a factor in sinusitis, is 

consistent with the notion that these porous lesions are markers of maxillary sinusitis.  However, we 

are aware that demonstrating a statistical link between alveolar disease and sinus lesions, despite 

the well-established potential for odontogenic infections to lead to sinus disease, does not of itself 

establish a causal link. In skeletal remains, temporal order of lesions, and hence causality, cannot in 

most instances be established. It should also be recalled that rhinogenic sinusitis may also 

potentially occur in Zone 1 regardless of the presence of dental disease. Because of this complexity, 

we also undertook detailed anatomical study of the morphology and location within Zone 1 of the 

porous lesions in an attempt to shed additional light on the relationship between the porous new 

bone in the sinus and subadjacent alveolar disease.  The porous lesions we observed in Zone 1 of the 

maxillary sinus generally represent deposits of new bone upon the extant bone surface. Variation in 

macroscopic morphology of these deposits resembled that expected of bone showing varying 

degrees of remodelling, with the more finely porous lesions appearing less well remodelled than the 

more coarsely porous deposits (cf. Weston, 2008; Roberts, 2019). The observation that the coarsely 

porous lesions invariably covered the general surface of Zone 1, whereas the finely porous lesions 

were more often localised and generally lay supra-adjacent to a diseased tooth socket, is also 

consistent with the interpretation that the finely porous deposits often represented an earlier stage 

in the spread of infection to the sinus, when the disease was more localised. This is consistent with 

Bauer’s (1943) original observations noting that odontogenic infection to the sinus from an infected 

root apex was via the network of capillaries extending to the local area immediately above, and with 

CT studies of odontogenic sinusitis that have visualised localised new bone deposits in the sinus floor 

above apices of diseased tooth sockets (Nunes et al., 2016).  

 

In palaeopathology, it has been suggested (Lewis et al., 1995: 501-2) that irregular thickening of the 

maxillary sinus floor may simply be a response to maxillary molar loss rather than denoting sinusitis. 

This raises the possibility that the porous bone we found to be associated with dental disease might, 

at least when associated with AMTL, have been a response to tooth loss rather than being elicited by 

odontogenic infection. However, both theoretical and empirical evidence countermands this.  Tooth 

loss would result in a decrease in functional forces transmitted to bone, so that bone resorption 
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rather than deposition is likely to be the predominant response in the adjacent maxillary sinus floor 

(Levi et al., 2017). Studies of the human maxillary sinus that focus in detail on changes in the floor of 

the antrum support this. Consensus suggests that, in the absence of sinusitis, when alteration is 

observed in the bone of the antral floor as a reaction to subadjacent tooth loss, it takes the form 

predominantly of resorption at this surface rather than deposition of bone (Wehrbein & Diedrich, 

1992; Sharan & Madjar, 2008; Cavalcanti et al., 2018; cf. Velasco-Torres et al., 2017). Deposition of 

porous bone, as seen in our material, is unlikely to be a response to subadjacent tooth loss in the 

absence of sinusitis.  

 

It could be suggested that, although the porous lesions represent a response within the sinus to 

infection from subadjacent dental disease, the spicules and lobules still indicate sinusitis, but they 

represent a response specifically to rhinogenic sinusitis, and that is why we found no link between 

them and dental disease. The microbiology of CRS of rhinogenic origin differs from that of 

odontogenic cause. Oral flora contribute to the latter (Akhlaghi et al., 2015; Psillas et al., 2021). 

Fungal organisms and allergy may play a part in rhinogenic CRS (Ferguson, 2014). Fungal sinusitis, 

like sinusitis of bacterial origin, may lead to thickening of the bony sinus walls (Jun et al., 2018). This 

bony thickening may occur with or without the bacterial co-infection which accompanies fungal 

sinusitis in the majority of cases (Wang et al., 2010; Jun et al., 2018). Given the morphological non-

specificity of the bone formed in response to inflammation, there seems little reason to suppose 

that the morphology of bone deposited upon sinus walls is different in fungal sinusitis, even in the 

minority of instances where bacterial co-infection is absent. There seems no reason to suspect that 

the morphology of bone produced by the Schneiderian membrane in response to rhinogenic fungal 

sinusitis should differ from that elicited by sinusitis of odontogenic origin.  

 

Both fungal and non-fungal rhinogenic sinusitis may produce calcifications within the sinus, 

unattached to the sinus walls (Momeni et al., 2007). These may be found surrounded by fungal 

mycelia or may be more peripherally located, within the thickened submucosal layer. These radio-

opacities have been observed to be more frequent in fungal than in non-fungal sinusitis patients 

(51% vs 3%) and in the former they are more often located centrally in the sinus rather than 

peripherally (Yoon et al., 1999). The origin of intra-sinus radio-opacities is distinct from the 

thickening of the sinus walls that occurs via deposition of bone beneath the Schneiderian membrane 

– e.g. calcification may arise within the mycelial mass from deposition of calcium salts produced by 

fungal metabolism (Lenglinger et al., 1996). To our knowledge, free intra-sinus manifestations of 

sinus disease of the type described above (which may reach 6mm or more in diameter), have yet to 

be identified palaeopathologically.  Given a favourable burial environment, they might potentially 

survive and form an additional source of information on sinusitis, perhaps helping us to enquire 

more closely as to its cause. In inhumation burials from earth-cut graves, maxillary sinuses are 

customarily filled with soil. During post-excavation processing of cranial remains, it may be worth 

collecting this soil and processing it to recover any within-sinus calcifications or ossifications that 

might be present.  

 

In palaeopathology, the presence of an oro-antral fistula is sometimes taken as a ‘smoking gun’ 

indicating an odontogenic origin for maxillary sinus lesions (e.g. Merrett & Pfeiffer, 2000; Roberts, 

2007; Sundmann & Kjellström, 2013a,b; Davies-Barrett et al., 2021a,b). However, in the current 

work, more than one-third of the sinuses showing fistulae had no further bony abnormalities in Zone 

1, perhaps casting doubt on this. The status of the oro-antral fistula as an indicator of odontogenic 

infection of the sinus is further considered in a companion paper (Mays et al., in prep).  
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Unlike the porous lesions, the spicular / lobular alterations in Zone 1 showed no link with 

subadjacent alveolar disease of the type that may lead to sinusitis. This was despite a larger sample 

size than for the porous lesions. This finding forces consideration that the spicules / lobules (here 

largely represented by the former) arise by some other mechanism. Alterations resembling the 

lobules found here, and described elsewhere in the palaeopathology literature, have been 

documented to occur in the maxillary sinus due to cold shock (Ramakrishnan et al., 2010; Adelson & 

Kennedy, 2012; Schwartz et al., 2012). Pointed exostoses, apparently resembling the spicules seen 

by palaeopathologists in dry bones, have been identified, seemingly as anatomical variants, as 

incidental findings on imaging maxillary sinuses in patients (Ohba et al., 1993; Lana et al., 2011). But 

these are not likely explanations here. The former are rare and occur in patients who have 

undergone sinus surgery and who subsequently habitually irrigate with refrigerated nasal washes for 

extended periods (these lobules appear to be analogues to the auditory tori (Alexander et al., 2015) 

of cold-water swimmers).  The latter are rare findings and are generally solitary. 

 

The embryogenesis of the Schneiderian membrane means that it gives rise to a rather varied group 

of neoplasms, benign as well as malignant (Batsakis & Suarez, 2001). This raises the possibility that 

the spicules / lobules may represent some particular type of benign bone formation by the 

Schneiderian membrane. Whilst this might be a possibility, it would fail to explain why these are not 

seen elsewhere in locations covered by this membrane. For example, we found no evidence of any 

such bone deposits within the nasal cavity even when they were abundant within the maxillary 

sinus, and we are not aware of any such reports in the palaeopathology literature. 

 

5. Conclusions 

Our results demonstrate a link between porous new bone formation within the maxillary sinus and 

evidence of types of lesions in subadjacent dentition that modern odontological literature links with 

sinusitis. This supports the idea that this type of sinus lesion indicates sinusitis. No such link was 

found for spicular / lobular lesions in the sinus, providing no support for the notion that these types 

of alterations represent sinusitis. Although there is a long tradition in palaeopathology in which the 

formation of spicules and lobules of bone on internal sinus walls are considered signs of sinusitis, the 

assumption that these specific types of bone formation are of inflammatory origin has lacked 

empirical evidential support. Our results, whilst not conclusive, raise the possibility that the 

assumption of a link between sinusitis and spicular / lobular bone deposits may need rethinking.  

 

Further research is needed, along the lines of the present study, on populations exposed to different 

risk factors for sinus disease; work is currently in progress toward this end. We also aim at more 

detailed analyses of sinus and dental lesions so that more fine-grained associations between dental 

disease and bone changes in the sinus may emerge. However, our provisional recommendation, 

based on current results, is that spicules / lobules should be recorded and analysed separately from 

porous bone deposits in the maxillary sinuses in biocultural studies. It would be prudent to regard 

only the latter group of alterations as indications of sinusitis. 
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Figure captions 
Figure 1. Left maxillary sinus, showing zonal recording system. A. Zone 1 (sinus floor).  B. Zone 2 

(medial wall).  C. Zone 3 (lateral wall).  
Figure 2. Types of bone alteration in the maxillary sinus. (a) Normal (b) Spicules (c) Lobules (d) Fine 

porosity (e) Coarse porosity. 
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