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1 | INTRODUCTION

The development of maxillary sinusitis—inflammation within the max-
illary sinuses—can be predisposed by a range of environmental condi-
tions, including poor air quality, as well as genetic, oral, and infectious

Maia Casna? | Derek A. Boyd? | Sarah A. Inskip

Abstract

The accurate comparison of prevalence rates of disease between different groups/
populations is vital if we seek to contextualize our understanding of the impact of risk
factors on health in the past. The majority of bioarchaeological studies of maxillary
sinusitis employ the methods and “diagnostic criteria” outlined by Boocock and col-
leagues in 1995. However, until now, few attempts have been made to assess the
inter-rater reliability of these methods. This study presents the results of the analysis
of interobserver variability in the recording of bone changes related to maxillary
sinusitis among three observers within three human osteoarchaeological populations.
The results of Cohen's kappa coefficient tests indicated variability in agreement
between different observers. The agreement on the presence/absence of maxillary
sinusitis in different osteoarchaeological populations ranged from k = 0.433 (“moder-
ate” agreement) to k = 0.629 (“substantial” agreement). The agreement on the type
of bone change present within affected sinuses was often poor, with almost no to
negative agreement for pitting (Observers 1 and 2) and remodeled spicules
(Observers 1 and 3). Methodological problems that can impact consistency of results
between researchers include variability in sinus preservation, duration of observer
experience, the use of different endoscopic equipment, lack of clarity in the original
method descriptions, and a deficit in clinical corroborations for bone changes. The
results of this study highlight the need to improve standards for the recording of
bone changes related to sinusitis to allow for meaningful comparisons of past maxil-
lary sinusitis frequency rates. Further investigations of interobserver variability, incor-

porating a greater range of variables, are also required.

KEYWORDS
inter-rater reliability, paleopathology, respiratory disease, upper respiratory tract

diseases, among other risk factors (Brook, 2009; Min & Tan, 2015). In
human osteoarchaeological remains, bone changes within the maxil-
lary sinuses (Figure 1) have been suggested as evidence of chronic
sinusitis (Boocock et al., 1995; Lewis et al., 1995). Calculating past fre-

quency rates of sinusitis can be useful in understanding differential
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FIGURE 1 Example of bone changes within the maxillary sinus
thought to indicate inflammation related to maxillary sinusitis. A patch
of spicules is present on the lateral wall of the sinus (St James's
Gardens Burial Ground, Sk155211, left maxillary sinus). [Colour figure
can be viewed at wileyonlinelibrary.com]

exposure of past populations to poor air quality and other risk factors.
Thus, the recording of bone changes within the maxillary sinuses as
evidence of sinusitis has become a popular avenue of research in
recent years (e.g., Boyd, 2020; Casna et al., 2021; Davies-Barrett,
Owens, & Eeckhout, 2021; Davies-Barrett, Roberts, & Antoine, 2021;
Riccomi et al., 2021; Zubova et al., 2022). It is common for population
prevalence studies to compare results with those produced by other
researchers or to incorporate data collected in previous studies
(e.g., Davies-Barrett, Roberts, & Antoine, 2021; Riccomi et al., 2021;
Roberts, 2007; Zubova et al., 2022). The accurate comparison of prev-
alence rates of sinusitis within different populations is vital if we seek
to further contextualize our understanding of the impact of different
risk factors on respiratory health in the past. However, while clinical
studies have demonstrated the applicability of interobserver testing in
the diagnosis of maxillary sinusitis (e.g., Malina-Altzinger et al., 2015;
Timmenga et al., 2002), as of yet, few attempts have been made to
investigate the inter-comparability of bioarchaeological results,

Although bone changes in the sinuses of archaeological
individuals were noted as early as the 1960s (Wells, 1964), a pivotal
moment in the development of the identification of sinusitis occurred
with the publication of “diagnostic criteria” by Boocock et al. (1995).
This publication outlined four major types of bone change within the
sinus: spicules, remodeled spicules, white pitted bone, and pitting.
Since its publication, the majority of sinusitis studies have employed
these criteria, with slight modifications. However, issues with the
original methods have been raised, which revolve around the lack of
clarity in the terminology and original descriptions, and a deficit in
clinical research that can be conclusively linked to the bone
changes observed in archaeological human remains (Davies-Barrett,
Owens, & Eeckhout, 2021; Davies-Barrett, Roberts, & Antoine, 2021;
Sundman & Kjellstrém, 2013). Further, high-quality photos corre-
sponding to detailed descriptions of the pathological changes consid-
ered to represent maxillary sinusitis are often lacking in
bioarchaeological studies, making accurate inter-study comparisons
difficult.

Employing the original criteria presented by Boocock et al. (1995),
three observers with variable levels of experience analyzed maxillary
sinuses from three osteological collections. We present here the
results of the analysis of interobserver variability in the recording of
bone changes related to sinusitis within these three populations, and
the results of the analysis of intraobserver error in one population, to
assess the reliability of this method.

2 | MATERIALS AND METHODS

A total of 200 individuals were included in the study: 64 individuals
(119 Sinuses) from Keyserkerk Cemetery, Middenbeemster,
Netherlands, and 97 individuals (169 sinuses) from St James's Gardens
Burial Ground, London, UK, were analyzed by Observers 1 and 2;
39 individuals (73 sinuses) from St Peter's Church, Barton-upon-
Humber, UK, were analyzed by Observers 1 and 3 (Table 1). Each
individual was assessed for evidence of bone changes within the max-
illary sinuses. All sinuses recorded as over 25% complete by one or
both of the observers were included within the sample. Individuals
with two complete sinuses that were unobservable macroscopically
and had no endoscopic access point in at least one sinus were not
included in the sample.

Maxillary sinusitis was recorded as present if one or more of the
diagnostic criteria presented by Boocock et al. (1995) were observed.
If bone changes were observed within a maxillary sinus, that sinus
was categorized as “present” for sinusitis by the observer. If one or
both sinuses were observed to have bone changes, that individual
was categorized as “present” for sinusitis by the observer. The type(s)
of bone change observed were also noted according to the diagnostic
criteria. Multiple types of bone change could be recorded as present
within a single sinus/individual. As the aim of the study was to investi-
gate the inter-reliability of results using individual researchers' inter-
pretations of the approach outlined by Boocock et al. (1995), the
methods used were not discussed between observers in detail prior to
undertaking the study. All observations were conducted by each
observer independently at different points in time.

Endoscopy of the sinus was applied to individuals from the St
James's Gardens Burial Ground and Middenbeemster populations in
instances where completeness of the cranium prohibited macroscopic
observation of the internal sinus surfaces. The same medical-grade
endoscopic equipment, a Karl Storz digital tip flexible endoscope and
Karl Storz Tele-pak X for image visualization on the St James's popula-
tion and a Pentax endoscope (model: FNL-10RBS) on the Midden-
beemster population, were used by both observers. The sinuses were
accessed via natural openings or the taphonomically damaged medial
wall of the sinus, located within the nasal cavity. Too few individuals
from Barton-upon-Humber were analyzed using endoscopic equip-
ment to statistically investigate the effect of its use further. Other
equipment used by observers was limited to a hand lens (x 10 magnifi-
cation) and lighting aids.

To measure how interobserver tests may be affected by changes

in researcher experience, an intraobserver test was also undertaken
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TABLE 1
and approximate level of experience at point of observation.

Number of individuals observed from each skeletal population, approximate time period in which observations were undertaken,

No. of Approximate time period when observed Approximate experience at point of observation®
individuals
observed Observer 1 Observer 2 Observer 3 Observer 1 Observer 2 Observer 3
St James's gardens 97 Spring-Summer Summer 2022 - 8 years 3 years -
burial ground, 2022
UK
Middenbeemster, 64 Macroscopic: Summer-Fall - 8-9 years 1 year -
Netherlands Spring 2022; 2020
Endoscopic:
Winter 2023
Barton-upon- 39 Summer 2021, - Summer 7-8 years - 2 years
Humber, Summer 2021
UK 2022

@Experience denotes the approximate total length of time spent specializing in the osteoarchaeological study of respiratory diseases, including use of the

Boocock et al. (1995) method and use of endoscopy.

by both Observers 1 and 2 on 23 individuals with at least one macro-
scopically observable maxillary sinus from Middenbeemster. Time
elapsed between observations was 1.5 years for Observer 1 and
3 years for Observer 2. A Cohen's kappa coefficient test to measure
the level of agreement between observers was applied to the data
using SPSS v.28. The 95% confidence interval (Cl) was calculated
using the standard error value. The kappa statistic (k) is used as a mea-
sure of inter- or intra-rater reliability and its value can range from —1
to +1. Typically, a value of 0.00-0.20 indicates “no to slight” agree-
ment, 0.21-0.40 as “fair” agreement, 0.41-0.60 as “moderate” agree-
ment, 0.61-0.80 as ‘“substantial” agreement, and >0.81 as “almost
perfect” agreement (McHugh, 2012).

3 | RESULTS

Results indicate an overall “moderate” to “substantial” level of agree-
ment in the observation of maxillary sinusitis between observers
(Table 2, Figure 2a). Observations of presence/absence in individuals
in the Middenbeemster group presented with a lower level of interob-
server agreement (k = 0.433) than observations in the St James's
(k = 0.592) and Barton-upon-Humber groups (k = 0.629). Observa-
tions using endoscopic and macroscopic methods had a similar level
of “moderate” agreement within the St James's group but differed in
the Middenbeemster population (endoscopic: k = 0.488; macroscopic:
K = 0.329) (Figure 2b).

Agreement in the type of bone change observed within affected
sinuses was highly variable, ranging from “substantial” to “negative.”
Notably, “almost no” to “negative” agreement was observed for the
bone change type “pitting” between Observers 1 and 2 within both
the St James's (k=0.079) and Middenbeemster (k= —0.167)
populations. A similar outcome was observed for “remodeled
spicules” between Observers 1 and 3 (k = 0.079) (Figure 2c). Inter-
rater variability in assessment of individual sinuses can be found in
Table S1.

In the intra-rater test, Observer 1 presented with a “substantial”
agreement in both observations of maxillary sinusitis by individual and
by sinus, whereas Observer 2 presented with “fair” (k = 0.392) agree-
ment by individual and “moderate” (k = 0.418) agreement by sinus
(Table 3; Figure 2d). It should be noted that large 95% confidence
intervals were present across the majority of statistical tests con-
ducted in this study due to small sample sizes and data variability,
meaning kappa value ranges often spanned several different agree-

ment “classes.”

4 | DISCUSSION AND CONCLUSIONS

Within palaeopathology, it is well recognized that inter- and intraob-
server error tests are a vital part of the observation and diagnosis of
pathological lesions; yet these tests are not often undertaken, particu-
larly when such studies use ordinal or nominal data (Mays, 2022;
Roberts, 2018). However, the results of the current study highlight
why such tests are necessary. The analysis of interobserver variability
of evidence for maxillary sinusitis generally presented with a low
“moderate” to low “substantial” level of agreement according to
kappa coefficients. Overall raw percentage agreement ranged from
71.9% at Middenbeemster to 82.1% at Barton-upon-Humber
(Table 2). While this does indicate that the majority of observations
were corroborated between observers, approximately 20%-30% of
results were unreliable. Additionally, the kappa statistic takes into
account the possibility that some agreement may have occurred by
random chance. This corrects the percentage of agreement, so that a
kappa value of between 0.4 and 0.6 represents a 40%-60% chance-
adjusted agreement (McHugh, 2012). Further, large 95% confidence
intervals were present due to limited sample sizes and variability in
data. Therefore, while the kappa value may have fallen into the “mod-

I

erate” or “substantial” agreement category, lower confidence intervals
may have ranged into the “fair” or “no to slight” agreement catego-

ries. These results have serious implications for the comparability of
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(Continued)

TABLE 2

Measure of Agreement
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Barton-upon-
Humber

Observer
3

In which both observers employed endoscopy to observe one or both maxillary sinuses.

®In which both observers did not employ endoscopy to observe either maxillary sinus.

bioarchaeological studies of sinusitis and indicate that standards are
needed to improve consistency in the application of the Boocock
et al. (1995) method. The accurate observation of bone changes
within the maxillary sinuses is limited by several methodological and
practical problems that can impact on consistency of results between
researchers. This includes issues surrounding preservation of sinuses
and use of endoscopic equipment, level of experience of the observer,
lack of clarity in the original method descriptions, and a deficit in clini-
cal corroborations for bone changes.

Firstly, sinus preservation impacts the ability to accurately
observe bone changes. Highly incomplete or fragmented sinuses may
be difficult to observe for evidence of sinusitis and damage may also
strip the sinus of, or obscure, delicate bone changes. Results for mac-
roscopic observation of the Middenbeemster population presented
with only a “fair” level of agreement. This sample group was selected
for individuals with sinuses that were fully observable without the use
of an endoscope, and it was noted that open sinuses from Midden-
beemster were in a particularly fragmented and incomplete state. This
may have inhibited accurate observation and led to interobserver
error. Sundman and Kjellstrom (2013) investigated the effect of pres-
ervation bias on the recording of maxillary sinusitis by grouping
sinuses into categories of approximate completeness. They found a
significant positive correlation between sinus preservation and obser-
vations of sinusitis. Further, they found that more extensive bone
changes were observed in more complete sinuses, making it more
likely that observers will note bone changes in better preserved
sinuses.

Conversely, if the sinuses are highly complete, endoscopy is
required for their visualization. It might be expected that agreement
of results using an endoscope would be lower due to the inherent dif-
ficulties of accessing and fully visualizing the sinuses using such equip-
ment. However, the results of the current study indicate that the use
of the same endoscopic equipment by both researchers results in
“moderate” agreement. Therefore, the use of endoscopy (if the same
medical-grade equipment is employed) does not appear to negatively
affect agreement to a greater degree than macroscopic observations.
This result was reflected in the results from the St James's sample,
which presented with similar “moderate” agreement using both endo-
scopic and macroscopic methods. However, different types of
endoscopic equipment vary greatly, particularly in terms of picture
quality and functionality of the scope, often relying on the budget of
the researcher. The employment of different endoscopes and the level
of experience/training in their use by different researchers could
introduce agreement error.

Both intra- and interobserver results from Middenbeemster
indicate that duration of experience may have an impact on the
accurate observation of bone changes related to sinusitis. Observer
2 assessed individuals from Middenbeemster 2 years prior to their
later observations in this study (see Tables 1 and 3) at an early
stage of their research career, while Observer 1 had 8-9 years of
continuous experience in the analysis of sinusitis at the point of
observation. This may be reflected in the less accurate inter-rater

results from Middenbeemster, when compared with other sites.
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FIGURE 2 Kappa coefficient values (blue, white, and black markers) and positive and negative 95% confidence intervals (black bars) by
(a) Interobserver - site, (b) Interobserver - method of observation, (c) Interobserver - type of bone change, (d) Intraobserver - Middenbeemster.
Blue marker denotes tests between Observers 1 and 2; white marker denotes tests between Observers 1 and 3; black marker denotes

intraobserver tests. [Colour figure can be viewed at wileyonlinelibrary.com]

Further, intraobserver results demonstrate that while the more
experienced observer with a smaller duration in time between
observations (Observer 1) showed high “substantial” agreement, the
less experienced observer with a greater duration of time between
observations (Observer 2) demonstrated only a “fair” level of agree-
ment. This likely reflects the fact that, as a researcher develops,
they become more confident in the use of methods and in the rec-
ognition of certain types of bone changes (whether or not the
method is accurately applied). A researcher may also make con-
scious or subconscious adjustments to the application of this
method over extended periods of time. These should be important
considerations for any researcher new to using the methods of Boo-
cock et al. (1995) to identify maxillary sinusitis.

Other inconsistencies between researchers may be due to the
fact that no clear guidance is given by Boocock et al. (1995) on
the extent of bone changes required to determine sinusitis as present.
Given that there can be a natural level of minor porosity and irregular
surface texture within the maxillary sinuses (Boocock et al., 1995;
Lewis et al., 1995; Sundman & Kjellstrom, 2013), it is ultimately

dependent upon the individual researcher to decide whether or not
bone changes are extensive enough to represent chronic inflamma-
tion. The severity scoring system implemented by Sundman and
Kjellstrom (2013) may help to discriminate between minor sinus sur-
faces irregularities and more extensive changes caused by chronic
inflammation, but adoption of this approach by other researchers has
been slow to gain traction due to the clinical implications of the term
“severity.”

A particularly low level of agreement was observed for the type
of bone change recorded as present, with almost no agreement for
pitting between Observers 1 and 2 within the St James's population
(k = 0.079) and remodeled spicules between Observers 1 and 3. There
was also a negative agreement between Observers 1 and 2 for pitting
within the Middenbeemster group, indicating that these observers
may have been consistently allocating the same morphological bone
changes into two different bone type categories. It is evident that var-
iability in the recording of bone change type can differ greatly
between sets of observers, as noted by Biehler-Gomez et al. (2020) in

a study of inter-rater accuracy between lesion descriptions by
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TABLE 3 An analysis of intra-rater agreement for the presence or absence of maxillary sinusitis in the Middenbeemster population
(macroscopic observation methods only).
Measure of agreement
Kappa 95%
Present Absent Raw value Standard confidence
N n (%) n (%) percentage (k) error interval (Cl)
Observer 1 All individuals 23  Present 10 (43.5) 1(4.3) 87.0 0.740 0.140 0.466-1.014
First observation: Spring Absent 2(8.7) 10 (43.5)
2022-7 years of .
experience® All sinuses 38 Present 16(42.1) 3(7.9) 86.8 0.737 0.110 0.521-0.953
Second observation: Winter Absent 2(5.3) 17 (44.7)
2023-8 years of
experience®
Observer 2 Allindividuals 23  Present 8(34.8) 3(13.0) 69.6 0.392 0.191 0.018-0.766
First observation: Summer- Absent 4(17.4) 8(34.8)
Fall 2020-1 year of .
experience? All sinuses 42  Present 12 (28.6) 5(11.9) 714 0.418 0.141 0.142-0.694
Second observation: Winter Absent 7(17.7) 18(42.9)
2023-4 years of
experience®

2Experience denotes the approximate total length of time spent specializing in the osteoarchaeological study of respiratory diseases, including use of the

Boocock et al. (1995) method.

anthropologists and forensic pathologists. This study found that dis-
parities in descriptions occurred independently of the level of experi-
ence of the observers and may have been impacted by differences in
the extent of training in producing standardized pathological descrip-
tions. The results from the current study highlight an inherent prob-
lem with individual interpretations of the diagnostic criteria
presented by Boocock et al. (1995). For example, the categories of
“pitting” and “white pitted bone” can cause confusion due to similar-
ity in the terminology of “pitting”/“pitted.” Additionally, the use of
the term “white” does not take into account the range of tapho-
nomic processes that can lead to discoloration of various types
within the sinuses, as well as differences in color visualization using
an endoscope. For this reason, some researchers have begun to refer
to “white pitted bone” as “porous new bone” instead (Davies-Bar-
rett, Owens, & Eeckhout, 2021; Davies-Barrett, Roberts, &
Antoine, 2021). Further, distinguishing between spicules and remo-
deled spicules can be difficult when the extent of remodeling is only
subtle (Lee et al., 2024).

Scepticism about “pitting,” as originally described by Boocock
et al. (1995), and its relationship to maxillary sinusitis has been
informally raised among researchers. The roots of the maxillary molars
are located directly beneath the sinus, separated by a paper-thin layer
of bone which can often be naturally perforated by the apex of the
tooth roots (Brook, 2006). Antemortem movement or loss of the
dentition is likely to result in remodeling of the alveolar bone and the
sinus floor. Pitting or remodeling of the sinus floor may be linked to
oral diseases (Hillson, 1996, pp. 284-286; Waldron, 2021, pp. 313-
314) rather than chronic sinus inflammation. While this relationship

has yet to be fully explored, doubts about the clinical interpretation of
different types of bone change may subconsciously affect the choice
of the observer when it comes to bone change type category
allocation.

It is apparent that the original criteria have left room for depar-
tures in the ways that researchers typify bone changes. Although not
addressed in the current study, many researchers have also presented
adjustments to the original diagnostic criteria. Boocock et al. (1995,
p. 486) originally discussed the presence of “thickened and porous”
walls with “lobules of white bone” but did not explicitly include this
within their criteria. Merrett and Pfeiffer (2000) included additional
categories of “plaque,” “lobules; and “cysts,” while other researchers
have included a category of “other,” which includes thickening of the
walls and lobules (Casna et al., 2021; Davies-Barrett, Owens, &
Eeckhout, 2021; Sundman & Kjellstrom, 2013). Given the paucity in
clinical data related to each type of bone change, it may be pertinent
to ask whether it is necessary to distinguish between different types
of bone change or to ask which bone changes can be conclusively
linked to maxillary sinusitis. Although some researchers have noted
that different types of bone changes may represent different stages
of chronic inflammation (Boocock et al., 1995; Collins, 2019; Lee
et al., 2024), it is evident that different pathophysiological processes
are occurring to produce different morphological bone change types.
Whether or not only some of these processes can be linked to sinusi-
tis requires further clinical confirmation. Unfortunately, this topic is
clinically underexplored due to the lack of diagnostic relevance that
bone changes within the sinuses have to clinicians (Orlandi

et al.,, 2016). If we were, however, to find that certain bone change
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types may be linked to specific disease processes or were unrelated
to sinus inflammation, accurate recording of the type of bone changes
would be required to retrospectively investigate the impact that this

finding has on our calculation of prevalence rates.

4.1 | Limitations of the study and future
approaches

This study presents only a preliminary exploration of interobserver
variability in the recording of maxillary sinusitis. It was limited by
inconsistency in access to collections and equipment, leading to gaps
in time in the observations of a single sample. Further, the intraobser-
ver error test included only a reduced sample size conducted by
Observers 1 and 2 only, due to access, equipment, and time con-
straints. These limitations reflect the general nature of osteological
analysis, which is reliant on the often-restricted availability of access
to equipment and collections. Additionally, large confidence interval
ranges were present in kappa value calculations, indicating that future
studies with larger sample sizes are needed to further explore this
topic. There is still much to investigate, including additional analysis of
the effects of sinus completeness, preservation, and taphonomic
alterations on reliability of observations, different adaptations to the
methods, the use of different types of endoscopic equipment,
the inclusion of a greater number of observers, and further investiga-
tion into the effects of variable levels of observer experience on
intra- and inter-rater reliability.

There will always be an inherent level of independent interpreta-
tion among researchers of methods which observe variable bone
changes. However, attempts can be made to decrease interobserver
variability. To improve consistency of recording, concerted efforts are
required by researchers to openly discuss approaches employed and
publish with greater clarity the methods they use. It is evident that,
while the diagnostic criteria presented by Boocock et al. (1995) have
provided an invaluable foundation for the identification of chronic
sinus inflammation within the past, these methods require further
standardization. Greater consideration of up-to-date standardized
palaeopathological terminology (such as those recommended by
Appleby et al. (2015) and Manchester et al. (2016)) are required in
future method developments. Given the increasing number of studies
that incorporate and compare prevalence rates of sinusitis, a revision
of the methods, including intra- and interobserver testing of any new

developments, is long overdue.
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