
Table 1. Features scored in Zone 1 and Zone 2 and degrees of expression1

1For all features: 0 = absent, 99 = not recordable, i.e. < 50% of the surface or margin is observable
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Introduction 
Research on “musculoskeletal stress markers” (MSM), has been a major issue in bioarchaeology in recent decades. The 
“Workshop in musculoskeletal stress markers (MSM): limitations and achievements in the reconstruction of past activity patterns”, 
was held in Coimbra (Portugal), 2nd - 3rd July 2009 (see http://www.uc.pt/en/cia/msm/). During this workshop, the 
methodologies, terminology, as well as the effectiveness of MSM, now re-named entheseal changes (EC), as markers of 
occupational stress were discussed by students and researchers from all over the world. At the end of the meeting, a 
methodology working group was established with the aim of finding shared solutions for recording entheseal changes.  We 
chose fibrocartilaginous entheses as the starting point for standardization because a considerable body of clinical literature is 
available describing their normal visual appearance, i.e., smooth and well-defined (e.g., Benjamin et al. 2002), and several 
qualitative methods for data recording have already been proposed (Alves Cardoso and Henderson 2010; Hawkey and Merbs, 
1995; Mariotti et al., 2004, 2007; Villotte, 2006 and Villotte et al., 2010). This poster presents the visual scoring method established 
by the group, along with our initial analysis of inter- and intra-observer error. 
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Conclusions
The method has reasonable agreement, but it is clearly evident that developing a method requires greater discussion and more time with 
actual bones. This also applies to learning a new method. What is required is a good reference collection with scores provided (or at least 
a large body of photographs with scores and detailed descriptions) that can be used to learn the method and then test inter-observer 
error between the trainee's and the 'actual' scores. 

Future aims of the working group are to:  
•retest inter-observer and intra-observer errors now that the group has more experience in applying the method and feature descriptions 
have been refined

•present the relationship between the scores and age

•determine a method for statistical analysis for use on archaeological populations, i.e., should a composite score be created from the 
component scores?

•develop a method for recording fibrous entheses 

•discuss quantitative methods

Materials
Thirty-six male skeletons, aged 20 to 79 years (mean = 53 yrs), were selected from the identified Simon collection, University of 
Geneva. These individuals are from Switzerland and died between 1900 and 1960. The majority were agricultural workers (19 of 
36), but other occupations, such as glass worker, constable, and mason, are represented. The sample was subdivided into two 
sub-samples:

Sub-sample A: for initial discussion (n=6) 
Sub-sample B: intra- and inter-observer error (n=30, but final intra-observer n=28 and inter-observer n=27 due to missing data) 

5 entheses were studied: 
1) subscapularis insertion                   3) biceps brachii insertion                  5) achilles tendon  insertion
2)common extensor origin                4) iliopsoas insertion

Scoring
The method and recording form were developed during a year of 
on-line discussion among the working group members. The group 
met in Geneva to finalize the method on actual skeletal remains and 
test for inter-and intra-observer errors. For the recording method, the 
enthesis was first divided into two zones (see Villotte, 2006): 

Zone 1- contour opposite the acute angle at which the fibers attach 
Zone 2 - the remaining surface and margin. 

Definitions for some of the features was as follows:
Erosion (lytic lesions)- depressions or excavations of any shape and 
involving discontinuity of the cortex; generally greater in width than 
depth with irregular margins. Only erosions > 2 mm were recorded.
Pore - small, round to oval perforations with smooth, rounded 
margins
Cavitation - subcortical cavity with an external opening that is < the 
maximum diameter of the cavity

A total of 7 features were recorded, 2 in zone 1 and the remaining 5 
in zone 2 . Degrees of expression are given in Table 1.  

Results
Intra-observer agreement 
Agreement was lowest for the Achilles 
(66.8%) and subscapularis insertions (68.9%), 
and highest for the common extensor origin 
(82.7%). Features were scored  lower in the 
second observation session than in the first 
(Fig. 5) 

Methods
Data Collection
The work in Geneva took place as follows:

Day 1 
•Sub-sample A recorded individually by all 6 observers.
•Discussion of our results for all of the sub-sample. 
•Details of the recording process finalised, e.g. , % area 
covered and size of fine porosity.

Day 2
•Inter-observer error, 5 observers recorded sub-sample B
•Intra-observer error, sub-sample B recorded by Observer 1. 
•Photography of examples for discussion 
•Discussion of photographed examples, leading to 
agreement on scores (presented in Figs. 1-4) 

4 days after the meeting
•Re-recording of sub-sample B by Observer 1 for intra-
observer error. 

Fig 1. Subscapularis, Val 14
BF (Z1) = 1
ER (Z1) = 0
BF = 2
ER = 1
FPO = 1
MPO = 1
CA = 0 

Table 2. Inter-observer percent agreement 

Fig 6. Mean scores for each feature by observer 

Inter-observer agreement
The overall agreement is 71.8%. Table 2 presents the % agreement by 
feature, by entheses and between observers. This was calculated by 
counting the number of exact agreements (99 vs 99; 2 vs 2,...) between two 
observers for each feature and enthesis. (Green = highest levels of 
agreement, yellow = lowest levels of agreement). The greatest variability in 
agreement (52.5-92.1%) is seen for “by feature” scored with the lowest levels 
of agreement in bone formation (Zones 1 and 2) and fine porosity (Zone 2). 

Fig. 6 shows that some observers had a tendency to score higher or lower 
than other observers across most traits (Observer 1 and 4) or in one particular 
trait (Observer 3, Zone 2 Erosion). 

Discussion
Surprisingly, the overall intra-observer error was similar to inter-observer error (72.9% vs. 71.8%). 
Observer 1 tended to score higher than other scorers during the first session and then 
participated in group discussions of our scoring method before their second scoring session. 
The discussions may well have influenced Observer 1, leading to the consistently lower scoring 
in the second session, although other factors such as differences in fatigue level or lighting 
conditions may have contributed to the differences. 

Inter-observer variability in agreement was greatest for comparison by the feature being 
scored. The highest levels of agreement were found when there were fewer occurrences of 
modification and fewer levels of expression (MPO, CA, and ER).An important factor in the 
disagreement between observers was the limited time to learn, discuss and refine the method 
together. All discussion had previously been electronic and a few photographs had been 
used to discuss some examples. Once in a room together,  it became apparent that 
definitions meant slightly different things to different observers. Some of these issues were 
resolved on the first day, but others were not discovered until the final discussion, after data 
on inter-observer error was collected. When we viewed high resolution photographs of the 
entheses, it was also clear that differences in lighting conditions and individual visual acuity 
contributed to scoring discrepancies. Most of the differences in scoring were quickly resolved 
when the features were clearly observable using the photos (i.e., Fig. 7). Using low-level 
magnification (5-10x) and higher quality lighting would likely have increased the levels of 
agreement for some features such as erosions and fine porosity. 

% Agreement

Total 71.8
By feature BF (Z1) 61.9

ER (Z1) 82.4

BF 52.5

ER 73.3

FPO 61.9

MPO 79.0

CA 92.1

By enthesis Suscapularis 67.4
Common 
Extensor 75.4

Biceps 72.9

Iliopsoas 68.5

Achilles 74.8

By observer 1 68.2

2 72.1

3 71.8

4 73.4

5 73.5

By comparison 1 vs 2 65.3

between 1 vs 3 68.8

observers 1 vs 4 69.1

1 vs 5 69.6

2 vs 3 74.6

2 vs 4 74.9

2 vs 5 73.7

3 vs 4 71.4

3 vs 5 72.5

4 vs 5 78.1Zone 1 
Margin opposite acute 

angle of fiber 
attachment

Bone Formation BF (Z1) 
1 = small, nodular or slightly raised margin < 1mm
2 = distinctive sharp crests or other enthesophytes, ≥1 mm but < 50% of margin
3 = distinctive sharp crests or other enthesophytes,  ≥1 mm but ≥50 % of margin

Erosion ER (Z1) 
1= < 25% of margin
2 = 25 to 50% of margin
3 = > 50 % of margin

Zone 2 
Remaining Margin and 

Surface

Bone Formation BF
1 = “roughness”/rugosity, change is diffuse not a distinct structure
2 = distinct structure measuring > 1mm, affecting < 50% of surface
3 = distinct structure measuring > 1 mm, affecting ≥ 50% of surface

Erosion ER
1 = < 25% of surface
2 = 25 - 50% of surface
3 = > 50% of surface

Fine Porosity
≥ 1 mm FPO 1 = < 50% of surface

2 = ≥ 50% of surface

Macro-porosity
≥ 1 mm MPO 1 = one or two pores

2 = > 2 pores

Cavitation CA 1 = 1 cavitation
2 = 2 or more cavitations

Fig 3. Iliopsoas, RSL 02
BF (Z1) = 2
ER (Z1) = 1
BF = 2
ER = 1
FPO = 0
MPO = 0
CA = 0 

Fig 2. Subscapularis, PAM 09
BF (Z1) = 3
ER (Z1) = 0

BF = 1
ER = 0

FPO =2 
MPO = 0

CA = 0 

Fig 4. Biceps brachii, LSZ14
BF (Z1) = 1
ER (Z1) = 0

BF = 2
ER = 0

FPO = 1
MPO = 1

CA = 0 

Fig 7. Achilles, BEX17 There was a difference in opinion in whether 
the arrowed structures should be scored as 1 or 2 for surface bone 

formation. The final decision was that they were not distinct 
structures so BF = 1.  BF (Z1) = 0, all other features = 0. 

Fig 5. Mean scores for Observer 1 for two different scoring sessions

Overall agreement = 71.8% 

mailto:valentina.mariotti@unibo.it�
http://www.uc.pt/en/cia/msm/�

	Slide Number 1

