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Abstract

Intra vitam porous lesions of the skull (Cribra Orbitalia and Porotic Hyperostosis) are pathological conditions due to
genetic or acquired chronic anemia. They are the most reported skeletal lesions in human skeletal remains and are
routinely used to assess health, hygiene and nutritional status of past populations. Despite the existence of a number of
proposed classifications, there is no generally accepted classification system used by all, with clear advantages over the
others.

Here, we propose a new evaluation form (BoPLE-Bone Porous Lesion Evaluation) that takes in consideration all the
observable features of bone porous lesions, integrating existing qualitative criteria for the evaluation of severity and
healing’s conditions with a new quantitative analysis based on the count of pores/cm2. Porotic Hyperostosis and Cribra
Orbitalia were investigated using the newly developed evaluation forms on 189 cranial bones from several distinct
archaeological sites. Reliability and reproducibility of both existing qualitative scoring criteria and the new quantitative
method were statistically tested.

We believe that the new proposed classification system, which takes into consideration diverse parameters like surface
area of lesion, location of lesion on cranial vault, and number of pits per surface area, represents a progress in the objective
evaluation of porous bone lesions Its use will allow the determination of the severity of the lesion, thus provide data to

assess conditions of frailty in past populations.
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Introduction

Intra vitam porous bone lesions (also called cribra) are the most commonly reported pathological conditions in
archaeological collections of human skeletal remains (Walker et al. 2009). They appear as small dents or holes of
various sizes and distribution, which primarily develop on the outer surface of the orbits (cribra orbitalia) and the vault
of the skull (cribra cranii). Cribra can also be found on the proximal epiphysis of the humerus and femur (Ortner 2003).
Independently of their localization, cribra’s lesions have been attributed to Porotic Hyperostosis, a physiological
reaction to different forms of hereditary anemia, as it was first described by Angel in 1966 (Angel 1966). Anemia, in
fact, causes disruption of hematopoiesis (blood cell production) in the trabecular bone marrow of the skull. Porotic
Hyperostosis causes expansion of the diplog, the cranial spongy bone, due either to marrow hypertrophy (increased size
of cells) or to hyperplasia (increased number of cells). This process is coupled with an irregular remodelling of the outer
cranial table, which becomes reabsorbed with time, thus thinner and with visible porous lesions. In the most severe
cases, the spongy bone of the diploé may be exposed (Martin and Goodman 2002; Rivera and Mirazon Lahr 2017).

In more recent times, the term ‘Porotic Hyperostosis’, is commonly used to denote cribrotic lesions of the cranial vault,
whereas the term ‘Cribra Orbitalia’, is still used for the lesions of the orbital roofs. This terminology is becoming
increasingly popular because it highlights the possible independent occurrence of the two lesions as well as their likely
distinct etiologies (Wapler et al. 2004; Walker et al. 2009; Rothschild 2012; Rivera and Mirazén Lahr 2017). Yet, some
scholars still prefer to use the term ‘cribra cranii’ for the lesions on the cranium vault (Stuart- Macadam 1989; Salvadei
et al. 2001; Facchini et al. 2004; Gaudio et al. 2015; Tosi et al. 2017). The confusion in the terminology is generated by
the fact that the actual etiology (or etiologies) of these lesions is still debated (Walker et al. 2009; Oxenham and Cavill
2010; Rothschild 2012). In this study, we decided to use the terms ‘Porotic Hyperostosis’ (PH) referring to the porous
lesions localized in the cranial vault and ‘Cribra Orbitalia’ (CO) with reference to the porous lesions of the orbital roofs.
Considering the possible etiology, PH and CO are generally both considered as a manifestation of anemia (Martin and
Goodman 2002; Rivera and Mirazén Lahr 2017). Yet anemia can have a genetic (e.g., Thalassemia, Sickle-Cell anemia)
(Angel 1966) or an acquired origin, due to iron deficiency (Wapler et al., 2004; Oxenham and Cavill, 2010), magnesium
deficiency (Polo-Cerda et al. 2001), vitamin B deficiency (Walker et al. 2009), or to chronic disorders (Rivera and
Mirazén Lahr 2017). Other pathological conditions, such as chronic scalp infections and scurvy, can also generate
porosity of the external surface of the cranial vault and/or of the orbit surface (Ortner 2003; Walker et al. 2009). Thus,
intra vitam porous lesions are extensively used in anthropological studies as non-specific indicators of poor hygienic
and health conditions, and/or nutrient deficiencies in past populations (Lallo et al. 1977; Mensforth et al. 1978; Salvadei
et al. 2001; Facchini et al. 2004; Walker et al. 2009; Masson et al. 2015). For its wide application in physical
anthropology, it appears of primary importance to have on disposal standardized scores of severity for porous bone
lesions, which may enable comparison among individuals or populations, and might help in better defining the actual
etiology (Jacobi and Danforth 2002), as well as the genetic and/or environmental conditions behind it. Different coding
criteria for the assessment of severity, and for determining the possible range of expression have been proposed
previously. Stuart and Macadam (1985) identified four degrees of severity, from the least serious (Grade 1) with
scattered fine foramina to the most severe (Grade 4) presenting outgrowth in trabecular structure from the normal
contour of the outer bone table. Salvadei (2001) distinguished only three categories, Codebook (Steckel et al. 2006) four
degree of severity from 0 to 3, while Hengen (1971) utilised seven categories. In addition, other scholars have proposed
to distinguish between active or healed lesions: active lesions exhibit porosity interspersed with increasingly thin
bridges of bone, without signs of bone remodelling; healing lesions present bone remodelling, described as a “smooth

lamellar texture with bone filling of the peripheral pores” (Mensforth et al. 1978; Mittler and Van Gerven 1994). For
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lesion’s healing, several degrees were described as well: according to Salvadei (2001), four categories can be observed
ranging from active cribra without healing (Grade 1) to fully healed lesions (Grade 4).

All these classifications, anyway, are based on qualitative descriptions of the lesions. To facilitate the evaluation, B&W
photographs are often, but not always, provided by the authors. Yet, the estimation remains subjective and may
consistently change with the experience of the surveyor who performs the analysis. Jacobi and Danforth (2002), who
compared inter-observer scoring patterns in PH and CO, showed a great variation between 22 scores’ assignations,
demonstrating the limits of the current methods.

Here, we suggest a combined method for the assessment of porous bone lesions (BoPLE, Bone Porous Lesions
Evaluation). BoPLE consists of newly developed evaluation forms, which take into consideration all observable
features related to PH and CO. Besides using existing qualitative evaluation criteria for presence, degree of severity
(Stuart- Macadam 1985) and healing status (Salvadei et al. 2001), BoPLE also proposes a new quantitative evaluation
criteria consisting in counting the pits (dents or holes) in 1 cm? of the porous bone. This newly developed evaluation
criteria, which was also among the suggestions of Jacobi and Danforth (2002), appears reasonable to describe the
lesions with more confidence, although a much more extended survey will be necessary to assess the actual association
between the number of pits/cm? and the other variables considered. In this study, we describe BoPLE and use statistical
tests for validation of reliability and reproducibility of each evaluation criteria considered in the sheets, demonstrating

that the quantitative method is the most accurate and objective for the analysis of cranial bone lesions.

Material and Methods

Sample

For the development of the new methodology and the associated validation survey, we chose to analyse samples from
different archaeological sites, all located near Imola (Bologna, North-Eastern Italy): mass graves from the Imola’s
Lazzaretto (1630-32 CE); single burials from the “L’Osservanza” monumental complex (Late Antiquity); single burials
from the site of “Via Emilia” (Lombard period, 7-9"" c.); mass graves from the site of “Via Maghinardo” (14th c.). The
use of individuals from different archaeological sites permits to assess the reliability of the method in diverse conditions
of preservation. We analysed all the osteological material recovered, which includes cranial bones and orbital roofs for
a total of 189 bones, of which 135 (more or less complete) bones of the cranial vaults and 6 54 orbital roofs. The

skeletal materials examined include individuals of both sexes at different ages at death (from juveniles to mature).

Evaluation form

BoPLE makes use of two distinct and newly developed evaluation sheets, one for the evaluation of PH’s (Fig. 1) and
one for the evaluation of CO’s variability (Fig. 2). For the analysis of PH, we considered skulls with at least one cranial
bone preserved. Lesions were recorded on frontal, occipital and parietal bones. To record more precisely the location of
the lesions, every bone was virtually divided into four parts, as described below. With reference to the whole skull and
subsequently to each cranial bone, PH can be evaluated indicating its presence/absence, degree of severity, degree of
healing, size of the area of the cranial bone with lesions (less or more than 50% of the total area), the location of the
lesions within the bone quarters and the number of pits/1 cm?,

Only skulls with at least one orbital roof preserved were taken into consideration for the analysis of CO. For each skull
and for each orbital roof, we recorded: presence/absence of CO, degree of severity, degree of healing, size of the area

with lesions and number of pits/1 cm?,
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For the assessment of severity of both PH and CO, we used the evaluation scale proposed by Stuart-Macadam (1985),
adding the score ‘0' to indicate the absence of lesions. A detailed description of the degrees of severity used is given in
Table 1. Further, we integrated the description of each degree of the severity scale with new colour photos (Fig. 3 and
Fig. 4).

For the degree of healing, a distinction between active and non-active porous bone lesions was made following the
definition of Mittler and Van Gerven (1994) and using the classification proposed by Salvadei et al. (2001). A detailed
description of the degrees of healing used is given in Table 1. Moreover, and, as far as we know, for the first time, we
integrated the description of the four degrees of healing with colour pictures, both for PH and CO (Fig. 3 and Fig. 4).

In the newly developed evaluation forms BoPLE, we propose to collect additional information useful for the evaluation
of PH and CO and for comparative purposes. One of the added parameters is the location of PH within the cranial
bones. To obtain this score, we divided each cranial bone into four virtual parts and indicated in which quarter the
lesions are present. Another important parameter is the size of the area affected. In particular, with regard to PH, we
recorded if the affected area is more (code 2) or less (code 1) than 50% of the total area of the cranial bone (Table 1).
As for CO, we suggest to directly measure the length and the width of the total area affected using a non-stretchable,
flexible metric tape.

In the evaluation forms, we propose a new guantitative evaluation method of the frequency of the porous lesions (pits)
counted for every cranial bone and orbital roof in a fixed area of 1 cm2. For each bone, we need first to visually identify
the area with more dents or holes and takes a zenith picture of the selected area after applying squared photo scales.
These scales were specifically created for the orbital roof and for the cranial bones (Online Resource 1, S1 and S2) and
were produced in flexible cardstock to better adapt to the rounded surface of the skull. Pictures were taken with a
Fujifilm XE1 (15.5 Mpx, APS-C sensor - 23.6 X 15.6 mm - XTrans CMOS), with lens Fujifilm XF 18.55 mm (f/2.8-4R)
LM OIS. We used a tripod, a led flash with trigger and a non-reflective backcloth to enhance the quality of the pictures.
The pictures were then modified using Adobe Photoshop Portable version 13.0.1.1 to adjust their resolution and
readability. The number of pits for each cranial bone and orbital roof was then counted with the image-processing

program ImageJ (https://imagej.net/Welcome), using the counter option of the multi-point tool.

Statistical analysis

To test the reliability of the scoring system used in BoPLE for CO's and PH's severity and healing, we calculated the
intra-observer and inter-observer error in association with rationalized qualitative (presence/absence, degree of severity
and degree of healing) and quantitative (number of pores) variables. For each analysed individual, both scoring sheets
(for PH and CO) were independently filled by two trained observers (A and B). Both operators are experienced
anthropologists with practice in CO and PH evaluation. Intra-observer reliability was tested by comparing two
independent scoring sessions carried out by the same operator (Al and A2), one month apart. Inter-observer reliability
was assessed by comparing the results obtained by the two observers (Al and B). For the qualitative variables, weighted
(degree of severity and degree of healing) and unweighted (presence/absence of the lesions) Cohen’s Kappa was used to
test the internal consistency between the two observations. For the assessment of inter- and intra-observer agreement in
the evaluation of presence/absence of the lesions, we considered all the cranial bones (n= 135) and the orbital roof
(n=216 54), for a total of 189 bones. For the analysis of degree of healing and severity, we considered only cranial bones
(n=70) and orbital roofs (n=34), in which the lesions were observed by at least one operator, for a total amount of 27

104 bones (Table 2). For the analysis of degree of severity, only the scoring categories from 1 to 4 were considered.



Grade “0”, which indicates “absence of lesions”, was omitted in this analysis because the parameter ‘presence/absence’
of the lesions was analysed separately.

For the assessment of bias and degree of concordance between the independent examinations (A1-A2 and A1-B) of the
lesions frequency (quantitative variables), Bland Altman plot and Intraclass Correlation Coefficient (ICC) were
calculated. ICC is based on a two-way model considering single measures and the same rater for all subjects. For this
analysis, we compared the number of pitting lesions counted by the two operators in all the cranial bones and orbital
roofs, for a total amount of 104 bones (34 orbital roofs and 70 cranial bones). We excluded bones in which no lesions
were observed since a great number of scores equal to zero could inflate the agreement among observers.

We performed each analysis considering all the orbital roofs and the cranial bones as a whole category and then
separately (Table 2).

Statistical analysis was performed using MedCalc Statistical Software version 14.8.1 (MedCalc Software bvba, Ostend,

Belgium).

Results

We developed new evaluation forms for porotic lesions in skeletal material and evaluated the reliability of the forms by
applying inter- and intra-observer statistical analyses on the data obtained from 189 samples, which stem from different
archaeological sites and periods.

When we considered the lesions of the orbital roofs and the cranial bones as a whole category, the values resulted from
Cohen’s kappa intra-observer agreement remarkably showed an almost perfect agreement for presence/absence, a
substantial agreement for the degree of severity and an almost perfect agreement for the degree of healing (as defined
according to Landis and Koch classification (Landis and Koch 1977)) (Table 3). The inter-observer agreement resulted
almost perfect in regard to the parameter ‘presence/absence’ of the lesions, and substantial when the degree of severity
and healing were tested, showing the lowest values of agreement in the degree of severity (Table 3). The intra- and
interrater concordance was almost perfect for the evaluation of presence/absence of the lesions separately in orbital
roofs and cranial bones. The lowest values for concordance (moderate) on the analysis of the orbital roofs were found
for the degree of severity, whereas for the cranial bones was the degree of healing that gave the lowest results,
interpretable between substantial and moderate (Table 3).

Intrarater reliability for the frequency of the porous lesions (cranial bones and orbital roofs concurrently) calculated
between the two independent replications of the analysis by the same operator (Al — A2), showed an ICC of 0.95 (95%
Cl 0.9293 — 0.9671) (Table 4), with an average difference of 2.3 pits and a 95% confidence interval of -22.0 and +26.6
(Fig. 5). These results indicate that there is a bias of less than three pits between the two counts. The ICC calculated for
interrater reliability between two different operators (Al — B) showed the same a value of 0.95 (95% CI1 0.9124 — 0.9711)
(Table 4) with a mean difference between the two observations of -5.0 pits and a 95% confidence interval of -27.7 and
404 +17.6 (Fig. 6). In both cases, the ICC values indicated an excellent reliability (Koo and Li 2016).

When we consider separately orbital roofs and cranial bones, the ICC values remained excellent, with the exception of
the inter-rater agreement on the orbital roofs’ lesions that showed an ICC of 0.89 (95% CI 0.6798 — 0.9532) indicating a
good agreement (Table 4). The average difference between the counts was less than seven pits (mean difference -6.9 and
95% CI -27.3 to +13.5), with only one value that lied slightly above the upper limit of agreement (Online Resource 1,
S4). The Bland Altman Plot showing intra- and interobserver variation for the count of the pits’ frequency in orbital roofs

and cranial bones separately are reported in the Online Resource 1 (Online Resource 1 S3-S6).



Discussion

With the present study, we propose a new evaluation form (BoPLE) to standardise and objectify retrospective diagnoses
of PH and CO employing two sheets for separate evaluation. By distinguishing between the two lesions, we take into
account their possible different aetiology (Rivera and Mirazon Lahr 2017). This new evaluation form, which makes use
of established scoring criteria for the determination of healing and severity degrees, includes also additional parameters,
such as the location of the pits, the dimension of the area affected and the number of pits (pores) per cm?.

Among the many scoring criteria developed for the evaluation of the degree of severity (Hengen 1971; Salvadei et al.
2001; Steckel et al. 2006), we appreciate in particular the clearness and flexibility of Stuart-Macadam’ s (1985) four
degrees of severity. In regard to the degree of healing, the only scholars who have proposed scoring criteria were
Salvadei et al. (2001). Their classification was accurate and we have only added the degree “0” to indicate absence of
cribra. Doing so, both scoring sheets can be applied also on skeletons without macroscopical lesions, thus can be
routinely used in anthropological investigations.

Reliable and replicable scoring standards are of essential importance in anthropological studies (Jacobi and Danforth
2002). However, we could not find in the literature any definition of errors associated with standardized scoring
methods for presence/absence and degree of healing/severity for PH and CO. Neither Stuart-Macadam (1985) nor
Salvadei et al. (2001) associated any error to their coding criteria. An attempt to assess inter-observer agreement was
made by Jacobi and Danforth (2002). They compared the results obtained from 22 individual scorers divided into
groups based on their level of experience with skeletal material, calculating the "modal percent agreement™ for each
specimen. Yet, in such a way, they evaluated the replicability but not the reliability of the scoring criteria. Consistently
with their results, we found a lower level of agreement for the degree of severity and for the degree of healing compared
to the assessment of presence/absence in the inter-observer repeatability. Thus, to our knowledge, this is the first time
that an assessment of reliability for these scoring criteria has been made. In our study, lower values of k for the
agreement in grading severity and healing could be partially explained because the binary scoring (presence/absence of
the lesion) is simpler than a grading scheme encompassing four scoring possibilities.

For BoPLE, we contribute with new coloured photographs (Fig. 3-4), which clearly depict each scoring option for the
degree of both, severity and healing. As suggested by Jacobi and Danforth (2002), a visual representation can be in fact
very useful to achieve a greater methodological standardization — if the photos are clear and let less place for subjective
interpretation.

However, the major novelty of BoPLE is possibly due to the introduction of a new quantitative method based on the
count of the porous lesions (pits) present in an area of 1 cm?. The results of Bland Altman Plot and ICC, which were
used for the validation of this new quantitative method, suggest a very high level of both intra- and interrater agreement,
categorizing the ICC values (Cicchetti, 1994; Koo and Li, 2016) as excellent and showing no systematic bias in the
Bland-Altman plot. These results demonstrate that a quantitative measurement is a reliable and reproducible method for
a more accurate evaluation of intra-vitam porous lesions of the skull. Since the number of pores/unit area should be
directly related to the diameters of the pores, this quantitative assay will indirectly inform also on the porosity size, thus
on the severity of the (healed or not) lesions. Therefore, we can conclude that BoPLE takes into account all the
observable features of PH’s and CO’s lesions.

CO and PH are among the most commonly reported pathological conditions in archaeological collections (Wapler et al.
2004; Keenleyside and Panayotova 2006; Walker et al. 2009). The presence of porous bone lesions is deemed essential
to assess general conditions of frailty in past populations (Marklein et al. 2016), since the lesions are a consequence of

pathological conditions, like anaemias, metabolic diseases, cancer, chronic scalp infections or other chronic infectious
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diseases (Ortner 2003), or are due to malnutrition. Nevertheless, the only condition of presence/absence should not be
considered indicative of the health and/or nutritional status of the individuals at the age of their death, since healed
lesions can be the result of situations of many years before, and the individuals could have been in good conditions for a
long time before dying. As the osteological paradox theory suggests (Wood et al. 1992), researchers should be cautious
when interpreting skeletal indicators of physiological stress, because some might actually indicate an illness, which has
been overcome because of a general individual good health status, thus are not indicative of frailty.

To better understand whether lesions are due to a condition of frailty, accurate and combined indications on the severity
of the (previous or in progress) lesions may be of great significance. Differences in the degree of severity could be a
consequence of different speed progression from the onset of the pathology, different intensity of the illness or an
expression of different aetiologies. Moreover, and in particular, when individual bone porous lesions are interpreted in
the light of the environmental and nutritional conditions of past populations, an integrated, accurate and objective
evaluation, like that offered by BoPLE, should be considered and routinely applied.

Considering the anthropological interest in this topic and the evident shortcomings in the current evaluation systems
proposed by the individual authors, we believe that our proposal, based on a quantitative assessment of the lesions
integrated with existing qualitative methods, is worthy of attention and represents a progress in the objective evaluation
of cribra bone lesions. We encourage further testing of the new proposed method to enlarge the sample size. In such a
way, we will resort to a larger variability to determinate the actual relationship between number of pores and other
variables, and set cut-offs for the quantitative scores. For this reason, we hope to have BoPLE accepted in the majority

of the labs for routine analyses.

Figure captions

Fig.1 BoPLE, Recording form for Porotic Hyperostosis

Fig.2 BoPLE, Recording form for Cribra Orbitalia

Fig.3 Degrees of severity- For Porotic Hyperostosis: a - degree 0; b - degree 1; ¢ - degree 2; d - degree 3; e - degree 4 —
For Cribra Orbitalia: e - degree 1; f - degree 2; g - degree 3; h - degree 4

Fig.4 Degrees of healing. For Porotic Hyperostosis: a - degree 1; b - degree 2; ¢ - degree 3; d - degree 4. For Cribra
Orbitalia: e - degree 1; f - degree 2; g - degree 3; h - degree 4

Fig.5 Bland Altman plot evaluating the intraobserver variation between the count of the frequency of the lesions. X-
axis: average of the two measures; Y-axis: difference between the two measures

Fig.6 Bland Altman plot evaluating the interobserver variation between the count of the frequency of the lesions. X-

axis: average of the two measures; Y-axis: difference between the two measures
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Table 1

Table 1 Detailed description of the degree of severity (Stuart-Macadam, 1985) and degree of healing (Salvadei et al.,

2001) scales and the size of the affected area

Degree of

Feature . Description Figure
expression
0 Absence of lesions Fig. 1a,f
1 Presence of small, scattered holes Fig. 1b,g
. 2 Presence of small and large scattered holes Fig. 1c,h
Severity
3 Presence of holes that join within the trabecular structure Fig. 1d,i
marked development of the trabecular part of the bone surface, which .
4 . Fig. 1e,l
protrudes toward the outside
1 Lesions with no healing activity (active) Fig. 2a,e
2 Lesions with a healed area of less than 50% Fig. 2b,f
Healing
3 Lesions with a healed area greater than 50% Fig. 2¢,9
4 Fully healed lesions (non-active) Fig. 2d,h
Extent of area 1 < 50% of the total area is affected by the lesion
affected
2 > 50% of the total area is affected by the lesion

(only for PH)




Table 2

Table 2 Detailed description of the statistical analysis used in the assessment of intra- and inter-observer reliability

Intraobserver (Al — A2) and Scoring Statistical analysis n Eligibility criteria

Interobserver (Al — B) reliability categories

Qualitative data

General Absence/Presence of lesions 0-1 Cohen’s Kappa 189 All orbital roofs and cranial
bones in the sample

Absence/Presence of lesions in orbital 0-1 Cohen’s Kappa 54 All orbital roofs in the sample

roofs

Absence/Presence of lesions in cranial 0-1 Cohen’s Kappa 135 All cranial bones in the

bones sample

General degree of severity (all the 1-4 Cohen’s Kappa 104 Presence of lesions

orbital roofs and cranial bones)

Degree of severity in orbital roofs 1-4 Cohen’s Kappa 34 Presence of lesions

Degree of severity in cranial bones 1-4 Cohen’s Kappa 70 Presence of lesions

General degree of healing (all the 1-4 Cohen’s Kappa 104 Presence of the lesions

orbital roofs and cranial bones)

Degree of healing in orbital roofs 1-4 Cohen’s Kappa 34 Presence of lesions

Degree of healing in cranial bones 1-4 Cohen’s Kappa 70 Presence of lesions

Quantitative data

Frequency of the lesions (all the orbital ICC and Bland 104 Number of pit lesions # 0

roofs and cranial bones) Altman Plot

Frequency of the lesions in orbital ICC and Bland 34 Number of pit lesions # 0

roofs Altman Plot

Frequency of the lesions in cranial ICC and Bland 70 Number of pit lesions # 0

bones Altman Plot




Table 3 Intra and inter-observer reliability statistics for presence/absence of the pathology, degree of severity and

degree of healing

Intraobserver error

Interobserver error

Error test N Feature Kappa Landis and Kappa Landis and
score Koch kappa Koch kappa
categories “strength of “strength of
agreement” agreement”
All cranial bones and
orbital roofs
Presence/absence of lesions 189 2 1.000 Almost perfect 1.000 Almost perfect
Degree of severity 104 4 0.776 Substantial 0.670 Substantial
Degree of healing 104 4 0.815 Almost perfect 0.726 Substantial
Orbital roofs
Presence/absence of lesions 54 2 1.000 Almost perfect 1.000 Almost perfect
Degree of severity 34 4 0.603 Moderate 0.586 Moderate
Degree of healing 34 4 0.857 Almost perfect 0.645 Substantial
Cranial bones
Presence/absence of lesions 135 2 1.000 Almost perfect 1.000 Almost perfect
Degree of severity 70 4 0.861 Almost perfect 0.703 Substantial
Degree of healing 70 4 0.619 Substantial 0.603 Moderate




Table 4

Table 4 Intraclass Correlation Coefficient (ICC) values resulting from the repeatability and reproducibility tests of the

frequency of the lesions and their related 95% ClI

Parameters

Intra-observer variability

Inter-observer variability

All cranial bones and
orbital roofs (n=104)
ICC values

95% CI

Orbital roofs (n=34)
ICC values
95% ClI

Cranial bones (n=70)
ICC values
95% ClI

Al - A2

0.9517
0.9293 t0 0.9671

0.9488
0.9006 t0 0.9740

0.9386
0.8995 to 0.9622

Al-B

0.9516
0.9124t0 0.9711

0.8887
0.6798 to 0.9532

0.9496
0.9139 to 0.9698
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