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ABSTRACT 

Vertebral compression fractures are the most common osteoporotic fractures 

in postmenopausal women. Notwithstanding, its clinical diagnosis remains 

ambiguous. In paleopathological studies vertebral fractures and/or 

deformations are frequently disregarded. When observed, vertebral 

compression fractures are usually recorded without the support of quantifiable 

and comparable protocols. As such, a semi-quantitative method for vertebral 

compression fracture assessment (Genant et al., 1993) was applied to a large 

sample (N=198) from the Coimbra Identified Skeletal Collection, Portugal, and 

the reliability of the method was tested. Vertebral fracture scoring agreement 

was evaluated with the Kappa statistic and the percent of agreement. Intra-

observer and inter-observer agreement are both appropriate. The Genant’s 

semi-quantitative scoring methodology is easy to apply and highly 
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reproducible; as such, it should be adopted as the standard method to score 

vertebral fractures/deformations in any paleopathological investigation.  

KEYWORDS vertebral fractures; osteoporosis; scoring methods; reliability; 

paleopathology. 

 

INTRODUCTION 

Osteoporosis (OP) is a metabolic pathological disorder characterized by the 

decrease in bone mass and quality and subsequent increase in fracture risk 

(NIH Consensus Development Panel, 2001). OP is essentially symptomless 

prior to bone fracture (Wylie, 2010), being classically associated with fractures 

in the proximal femur, the distal radius and the vertebral body (Johnell and 

Kanis, 2006).  

Vertebral compression fractures and/or deformations are both the most 

common and underdiagnosed of the so-called osteoporotic fractures in 

postmenopausal women (Johnell and Kanis, 2006; Grados et al., 2009). The 

clinical diagnosis of vertebral compression fractures is ambiguous, inasmuch 

as there is not a consensual definition. They are frequently asymptomatic 

which translates in their underestimation in clinical practice (Delmas et al., 

2005; Grados et al., 2009). Visual assessment is the most common method 

used in the clinical practice, but the results are exceedingly reliant on the 

knowledge of the observer (Ferrar et al., 2005; Olmez et al., 2005).  

Descriptions of vertebral compression fractures in the paleopathological 

literature are not infrequent. Nevertheless, they commonly denote anecdotal 

cases (e.g., Foldes et al., 1995; Ortner, 2003; Reis et al., 2003; Sambrook et 

al., 1988; Strouhal et al., 2003), or refer to visual qualitative methods for the 

identification of vertebral fractures (e.g., Domett and Tayles, 2006; Hirata and 

Morimoto, 1994; Ives, 2007; Mays, 1996; Mays, 2006; Mays et al., 2006; 

Mensforth and Latimer, 1989; Snow, 1948). The «Spine Score» (Barnett and 

Nordin, 1960) has been employed for the definition of vertebral fractures in 
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archaeological populations (Gonzalez-Reimers et al., 2004). Other studies 

(e.g., Curate et al., 2009; Curate et al., 2013; Garcia, 2007) used Genantʼs 

semi-quantitative method (Genant et al., 1993) for the evaluation of vertebral 

compression fractures.  

Reproducible methods for the assessment of vertebral compression fractures, 

defined by unequivocal criteria, are to be favored in clinical and 

epidemiological settings, as well as in archaeological contexts. As such, this 

study aims to test the reliability of a semi-quantitative method for vertebral 

compression fractures and/or deformations assessment (presence/absence of 

fracture) in a skeletal sample from the Coimbra Identified Skeletal Collection. 

MATERIALS AND METHODS 

The sample studied comprised 196 individuals from the Coimbra Identified 

Skeletal Collection (Rocha, 1995), evenly distributed from both sexes, with an 

age-at-death ranging from 20 to 96 years old. The sample included individuals 

born between 1827 and 1914; and dead between 1910 and 1936. Individuals 

were typically blue-collar workers with low socioeconomic status. Only 

individuals with a complete vertebral column, without gross post-depositional 

and pathological modifications at the vertebral column were included in the 

sample. 

Vertebral compression fractures and/or deformations were assessed 

macroscopically in the T4 through L4 vertebrae, with the Genant’s scoring 

method (Genant et al., 1993). This semi-quantitative evaluation method is 

based on the vertebral shape (wedge, concave or crush) and on decreases in 

the anterior, posterior and/or middle vertebral heights (Figure 1), as follows: 

1. Grade 0, no reduction; 

2. Grade 1, minimal fracture, 20 – 25% decrease in any vertebral 

height; 

3. Grade 2, moderate fracture, 25 – 40% decrease; 

4. Grade 3, severe fracture, +40% decrease. 
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The first author (FC, Obs1), an experienced observer, evaluated 196 

individuals in two different occasions. The second author (TFS, Obs2), an 

inexperienced observer, assessed 75 individuals after being clarified how to 

use the method and without the aid of an anatomical atlas. Both intra- and 

inter-observer variability in the assessment of vertebral fractures and/or 

deformations (presence/absence) were evaluated with the percent of 

agreement (%A; Watkins and Pacheco, 2000) and Cohen’s Kappa (ĸc; Cohen, 

1960). The percent of agreement is defined as: 

 %A = (N – N’/ N)×100, 

in which N corresponds to the total number of pairwise comparisons, and N’ to 

the number of discordant pairs. Cohen’s Kappa coefficient measures pairwise 

agreement for categorical variables, while correcting for projected chance 

agreement (Carletta, 1996; Rothwell, 2000). In the case of intra-observer 

reliability, agreement was assessed per subject, and not per vertebra. For 

inter-observer variability, agreement was estimated per subject and per 

vertebra. Bias index for the Kappa coefficient was also estimated (Sim and 

Wright, 2005). 

All measurements (anterior, posterior and middle vertebral heights) were 

directly performed in the vertebrae, placed in lateral projection, with the aid of 

a digital outside caliper. Statistical analyses were achieved with IBM® SPSS® 

(version 19.0.0).  

RESULTS 

Both %A and ĸc suggest a remarkable level of intra-observer agreement 

between observations per individual. Inter-observer variability was somewhat 

higher but the measures of agreement between observers were also very 

satisfactory, both per individual and per vertebra.  Bias index for the Kappa 

coefficient is very low (Table 1). Notwithstanding, while the inexperienced 

observer correctly identified all the actual vertebral fractures/deformations, it 

also incorrectly recorded grade 1 fractures/deformations in four individuals 

that were not affected. Also, when both observers recorded a fracture, the 
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attributed grade was consistently the same, except for one vertebral 

fracture/deformation (Obs1; grade 1 vs. Obs2; grade 2). 

DISCUSSION 

In paleopathological studies regarding trauma, vertebral fractures and/or 

deformations are often ignored. When observed, vertebral compression 

fractures are usually described without the assistance of quantifiable and 

reproducible protocols (Curate et al., 2011).  

Genant’s scoring method (Genant et al., 1993) displays a binary classification 

of vertebral fractures/deformations (present/absent), an evaluation of fracture 

severity  (grades 0 to 3) and a visualization of vertebral shape after fracture 

(wedge, crush or concave). In this study, intra- and inter-observer reliability in 

the assessment of vertebral fracture presence was evaluated. Intra-observer 

agreement amongst observations was excellent, with a very high percent of 

agreement, and a Kappa coefficient (non chance agreement) reflecting an 

almost perfect agreement (Landis and Koch, 1977). Inter-observer agreement 

was also very high, with the ĸc statistic suggesting a lower, but still substantial 

agreement between observers. The literature on the subject supports these 

results (Genant et al., 1993; Grados et al., 2009; Li et al., 1995).  

Bias for the Kappa coefficient is low, and disagreement between observations 

and observers is probably due to random error. Nonetheless, a negligible 

tendency for the inexperienced observer to record non-existent fractures was 

observed. The analysis of small isolated deformations in the vertebral column 

is occasionally complex (El Maghraoui et al., 2009). Also, while 20% 

reductions in any vertebral height have been proposed to define a minimal 

fracture/deformity, it is clear that borderline cases are difficult to interpret 

(Black et al., 1999) – especially in the case of untrained observers (Figure 2). 

Although the Genant et al. (1993) method is straightforward, it shows a 

learning curve, being dependent on training and experience (Grados et al., 

2009). 
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Visual assessment of vertebral compression fractures is simple and useful for 

ruling out vertebral deformities due conditions other than osteoporosis. 

Nevertheless, reproducibility is very low (Grados et al., 2009; Jensen et al., 

1984). Clinical and epidemiological trials with qualitative readings of vertebral 

compression fractures demonstrate the great variability in the identification of 

those fractures, which mainly corresponds to the interpretation of vertebral 

radiographs without standardized guidance, references to anatomical atlas 

and consensus readings by doctors and technicians (Black, 1999; Olmez et 

al., 2005). Quantitative morphometric methods (e.g., Eastell et al. 1991; 

McCloskey et al., 1993) are objective and reliable, being limited by a vast 

group of errors: false positives, positioning problems, measurement 

imprecisions (Grados et al., 2009; Weber et al., 1999). They also consider 

vertebral body heights in relation to contiguous vertebrae – making these 

methods unsuitable to evaluate compression fractures in isolated vertebrae.  

The semi-quantitative method by Genant et al. (1993) is easy to apply, 

effective in ruling out vertebral compression fractures due to causes other 

than low bone mass, and highly reproducible. It is recommended by the 

«International Society for Clinical Densitometry» to diagnose vertebral 

fractures in the clinical setting (Schousboe et al., 2008). This study indicates 

that it is also an appropriate standard scoring method for vertebral 

compression fractures/deformities in paleopathological investigations: it is a 

practical, accessible and relatively fast technique, it may be implemented 

upon a complete vertebral column or an isolated vertebrae and mitigates 

many of the differences between observations and observers.  
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Table 1: Measures of agreement in the assessment of vertebral compression fractures with the Genant et al. (1993) 

method. 

 N %A (95% CI) ĸc (95% CI) Bias  

Intra-observer (per individual) 196 97,3 (94,2 – 98,9) 0,899 (0,846 – 0,952) 0,005 

Inter-observer (per individual) 75 94,7 (87,1 – 97,9) 0,688 (0,655 – 0,719) 0,053 

Inter-observer (per vertebra) 975 99,5 (98,8 – 99,8) 0,703 (0,695 – 0,711) 0,003 
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Genant’s semi-quantitative classification of vertebral compression fractures and/or deformations (adapted 
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