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Abstract

This article presents a consensus terminology for entheseal changes that was developed in English by an
international team of scholars and then translated into French, Italian, Portuguese, Spanish and German. Use of a
standard, neutral terminology to describe entheseal morphology will reduce misunderstandings between
researchers, improve the reliability of comparisons between studies, and eliminate unwarranted etiological

assumptions inherent in some of the descriptive terms presently used in the literature.

Keywords: Enthesis; terminology; Fibrocartilaginous enthesis; spondyloarthropathies; diffuse idiopathic skeletal

hyperostosis (DISH)

Abbreviations:
Entheseal change: EC

Fibrocartilaginous enthesis: FCE
1. Introduction
“Musculoskeletal stress markers”, renamed “entheseal changes” (ECs) by Jurmain and Villotte (2010), have

been widely studied in past populations as indicators of activity and social divisions of labor (e.g. Dutour, 1986;

Hawkey and Merbs, 1995; Robb, 1998; Villotte et al., 2010a; Havelkova et al., 2011, 2013; Lieverse et al., 2013;
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Villotte and Kniisel, 2014). However, the problem of oversimplified etiological interpretations that primarily
equated EC with increased muscle use became widely apparent at a workshop held in 2009 in Coimbra, Portugal
(Santos et al., 2011). Discussions at this meeting led to the establishment of three working groups aimed at
standardizing key EC research aspects, namely terminology, recording methodology, and the understanding of

definitions of occupation. The three working groups met again in Coimbra at a new workshop in 2013.

This technical note focuses on the results from the terminology working group (SV, RJ). A survey of researchers
taken prior to the 2013 workshop clearly showed the need for standardized descriptions of ECs. Only one third
of respondents described the EC in Figure 1c using the same term (Table 1), and a similar lack of consensus was
found for other types of ECs. During the 2013 workshop, the terminology working group compiled an initial list
of neutral terms and descriptions of the most common EC types. The terms proposed by this group have been
discussed with the members of the other working groups (SA, FAC, CYH, VM, MM, DPK, NS, CAW), and a
consensus was finally reached. The terminology proposed here includes neutral (i.e. without inherent etiological
concepts), descriptive terms with figures (Fig. 1 and 2, see also Table 2 for other illustrations of the EC defined
here in previous publications by the authors), which researchers can use to describe ECs arising from any
etiology, including those associated with pathological conditions, e.g. the seronegative spondyloarthropathies or
diffuse idiopathic skeletal hyperostosis. It should be noted that similar changes can occur at other anatomical
locations (e.g. synovial joints), but this is outside the scope of this paper. The proposed terminology (Fig. 3),
alongside its translation into five major European languages (Table 2), should reduce communication barriers as

well as lead to improved data sharing amongst researchers if widely adopted.

TABLE 1

2. Proposed terminology

Two groups of entheses can be distinguished according to the tissue type present at the skeletal attachment site
(Benjamin et al., 1986, 2002; Cooper and Misol, 1970; see Villotte et al., 2010b for a list of the main post-cranial
fibrous and fibrocartilaginous entheses). A normal fibrocartilaginous enthesis (FCE) is smooth, well
circumscribed and devoid of vascular foramina (Benjamin et al., 2002; Henderson, 2009; Henderson et al., 2015;
Villotte, 2006, 2009; Villotte et al., 2010b); thus any alteration from this definition is considered an EC. For
fibrous entheses, for which there is no clear definition of a “normal” aspect, we consider a theoretical smooth
cortical surface as a base line (Henderson, 2009; Villotte, 2006, 2009). In the following text “fibrous entheses”
refers only to fibrous tendon attachment sites, and not to sites where fleshy muscle fibers attach to the
periosteum (e.g. the origin of tibialis anterior muscle).

We distinguished three main categories of EC: mineralized tissue formation, surface discontinuity, and complete
loss of original morphology with subcategories where appropriate (Fig. 3). Note that the definition of EC does
not include architectural variation (e.g. a more or less developed deltoid tuberosity, or “waving” of the surface

itself).

2.1. Mineralized tissue formation
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The morphological change exceeds the level of the original surface, from roughness of the surface to a clear

structure of any size or shape.

2.1.1. Diffuse and non-protruding formation
Not clearly distinct from the surface of the enthesis. Two morphological subtypes are identified according to the

enthesis type.

2.1.1.1 Grained surface

A textural change of a diffuse granular nature (similar to fine grained sandpaper, Henderson et al., 2015) at FCEs
(Fig. 1a). The surface does not look as smooth as it is in unaltered FCEs, and it can feel roughened to the touch.
Based on a picture of a histological section of such a change (Fig. 6-11 and 6-63 in Schultz, 2003), this granular
texture is likely to be related to the mineralization of the uncalcified fibrocartilage.' This type of change is

mainly seen at the ischial and radial tuberosities.

2.1.1.2 Diffuse cortical irregularity

The area is rough to the touch due to diffuse tissue formation (Fig. 1b). The surface looks well remodeled (i.e.
likely to be long standing). This is an extremely common feature at fibrous entheses and may be related to the
direct attachment of tendon fibers to bone (Villotte and Kniisel 2013). It is also seen at the margin (Zone 1 in

Henderson et al. 2013, see also Villotte, 2006) of FCEs, a region with little fibrocartilage.

2.1.2 Isolated protrusion

Identified as a clearly distinct protrusion from the surface of the enthesis.

2.1.2.1 Enthesophyte

A clear bony projection (Fig. 1c¢) mostly seen at the margin of FCEs. The height of the projection can be easily
measured, tends to be greater in length than in width, and tapers towards the end. In histological studies, these
spurs have been found to contain (and be surrounded by) calcified fibrocartilage from the original entheses
(Abreu, et al.2003; Moriggl et al.2001; Rufai et al. 1995). Enthesophytes form through endochondral ossification
in the Achilles tendon and subscapular ligament (Moriggl et al. 2001; Rufai et al. 1995), but they form through

intramembranous and chondroidal ossification in the plantar fascia (Kumai and Benjamin 2002).
2.1.2.2 Raised margin
A raised rim at the margin of a FCEs (Fig. 1d) that is not as developed as an enthesophyte (i.e. it is difficult to

measure the height of the bony projection).

2.1.2.3 Longitudinal protrusion

1 Or, as stated by Schultz (2003), related to the ossification of the tendon. However, this second
hypothesis seems less likely. In the caption of the figure 6.63, Schultz (2003) stated that the two layers of
calcified tissue (green structures) correspond to mineralized tendon and that the process occurred in two
waves. Actually, it seems to correspond to the layers of uncalcified and calcified fibrocartilage separated by
the tidemark (see Benjamin et al., 2002), the first layer being mineralized in that pathological case.
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A longitudinal bony protrusion at a fibrous enthesis normally affects nearly the entire length of the enthesis (Fig.
le), either continuously or discontinuously. The protrusion is clearly distinct from the surrounding cortical
surface, but it is not as developed and distinctive as an enthesophyte (i.e. it is difficult to measure the height of

the bony projection). It can occur in conjunction with a smooth or a coarse surface.

2.1.2.4 Shapeless protrusion
A relatively flat or mound-like protruding mineralized tissue formation (Fig. 1f). It is highly variable in size,
affecting a very limited part of the enthesis (a small raised area, i.e. nodule) to the entire attachment site. It

occurs at both fibrocartilaginous (typically the central portion) and fibrous entheses.

FIGURE 1

2.2 Surface discontinuity

Depressions and other mineralized tissue loss of the surface (Rothschild, 2013). In fibrous entheses, cortical
surface discontinuity can also involve the trabecular bone. In FCEs, the discontinuity involves the calcified
cartilage and the subchondral bone (i.e. the subchondral bone plate and the trabecular bone). Possible origins
include a resorptive process, a resorptive and hypertrophic process, hypervascularisation or avulsions (e.g.

Flemming et al., 2003; Miller et al., 2004; Milz et al., 2004).

2.2.1 Porosity

Pores are macroscopically observable small rounded openings in the surface?.

2.2.1.1 Fine porosity
Very small pinholes with a diameter of less than 1 mm, usually occurring in a cluster (Henderson et al. 2015).
The opening is too small to see the subsurface morphology. These occur at both fibrocartilaginous and fibrous

entheses (Fig. 2a).

2.2.1.2 Macro porosity

Pores 2 1mm in diameter (Henderson et al. 2015), which occur singularly or in small clusters at
fibrocartilaginous or fibrous entheses (Fig. 2b). The subsurface morphology is variable and, depending on the
size of the opening, can sometimes be seen. When the subsurface morphology has the appearance of a channel,
the pore is very likely a vascular foramen (often seen during skeletal development in FCEs). A macro pore can

also be the entrance to a cavitation (see 2.2.3).

2.2.2 Cortical defect

We avoided the term "pitting", very often used as a descriptive term in paleopathology, but usually not
defined (e.g. Ortner, 2003; Roger and Waldron, 2015). However, it should be noted that our definition of
"porosity" is similar to the definition of "pitting" given by Waldron (2008:27) in the context of changes
taking place in articulating bones: "pitting on the joint surface manifested as a series of holes on the joint
surface, some of which may communicate with sub-chondral cysts."
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Focal bone loss, usually longitudinal in shape, often remodeled, and of variable depth (Fig. 2¢). The floor of the
depression often exhibits numerous pores. Cortical defects are mostly seen at the metaphyseal region of long
bones, especially on the humerus at the insertions of the MM. pectoralis major and teres major, and at the
attachment of the costoclavicular ligament on the clavicle. Possible origins include an avulsion, or an erosion
from the periosteal or endosteal surface (Villotte, 2008). In immature skeletons, cortical defects at metaphyseal
attachment sites are likely related to the unbalanced activity of osteoclasts and osteoblasts when the attachments

of tendons and ligaments migrate as long bones grow in length (Villotte and Kniisel 2013).

2.2.3. Erosive lesion

Destruction of the mineralized cartilage and subchondral bone (Henderson et al. 2015). The erosive lesion is
generally greater in width than depth. Its edges are often irregular and can be minimally or significantly
remodeled. The floor of the depression exhibits exposed trabeculae or numerous pores (Fig. 2d). The
morphology is very similar to erosions at synovial joints (see Rogers and Waldron, 1995:12). It can be observed

at virtually all the appendicular FCEs.

2.2.4 Cavitation

Spherical subchondral lacuna with an opening at the surface that is smaller than the diameter of the cavitation
and a clear floor that is not a channel (Henderson et al. 2015) (Fig. 2e). Usually cavitations have remodeled
trabecular bone walls. They may correspond to the cysts described in the biomedical literature (Milz et al., 2004;

Fritz et al., 2007). Cavitations are only seen at FCEs, especially at the proximal humerus.

2.2.5. Furrowed surface (fibrous entheses)

This feature seems to occur only at fibrous entheses in immature skeletons. The cortical surface is covered by
very thin, straight furrows of variable length (usually no more than a 2-3 millimeters) that are generally oriented
along the long axis of the attachment (Fig. 2f). The appearance of numerous areas of bone resorption
interspersed with hypertrophic bone formation suggests the furrows are related to the active process of bone

growth (Villotte and Kniisel, 2013).

2.3. Complete loss of original morphology
Associated with bone formation, and / or erosion, and porosity (Fig. 2g). Loss of morphology is most often seen

at the greater tuberosity of the humerus.

FIGURE 2
FIGURE 3
TABLE 2

3. Conclusion
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The evaluation of “ECs” in bioarchaeological research became a common practice 30 years ago. As more
researchers evaluated these morphological changes it became clear that both the common name for them and the
varied descriptive terminology lacked scientific rigor and consistency (Jurmain and Villotte, 2010), and our goal
here is to propose an initial attempt towards greater standardization. In so doing, we hope to encourage further

discussion and a more focused intellectual exchange among bioarcheologists and paleopathologists.
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Table list

Table 1. Results of a survey eliciting responses on the naming of EC, specifically what is defined in this paper as
an enthesophyte (Fig 1c white arrrow).

Table 2. The proposed new terminology alongside translations into French, Italian, Portuguese, Spanish, and

German. References to other illustrations in publications by the authors of the EC defined here are also provided.

Figure list

Figure 1. Examples of entheseal changes (mineralized tissue formation) to illustrate the terminology. a)

grained surface. b) diffuse cortical irregularity. ¢) enthesophyte. d) raised margin. e) longitudinal protrusion. f)
shapeless protrusion. Scale: 2cm.Photo credits: Villotte, S. (a, c, e, f); Assis, S. (b); Reichmann, W. and Pany-
Kucera, D. (d).

Figure 2. Examples of entheseal changes (surface discontinuity, and complete loss of original morphology) to
illustrate the terminology. a) fine porosity. b) macro porosity. c) cortical defect. d) erosive lesion. e) cavitation. f)
furrowed surface. g) complete loss of original morphology. Scale: 2cm. Photo credits: Mariotti, V. (a); Villotte,

S. (b, ¢, f, g); Henderson, C. (d); Reichmann, W. and Pany-Kucera, D. (e).

Figure 3. Graphical summary of the proposed terminology. "Fibrous"; fibrous entheses, "FC"; fibrocartilaginous

entheses.
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