
Coll. Antropol. 31 (2007) 1: 291–313
Original scientific paper

The Study of Entheses: Proposal of a Standardised

Scoring Method for Twenty-Three Entheses of the

Postcranial Skeleton

Valentina Mariotti, Fiorenzo Facchini and Maria Giovanna Belcastro

Department of Experimental Evolutionary Biology, Anthropology Unit, University of Bologna, Bologna, Italy

A B S T R A C T

Entheses are always visible on the bone, although with variable forms and degrees of expression. The term »robusti-

city« indicates the »normal« osseous markings at entheses, while »enthesopathy«, indicates the presence of enthesophytes

or osteolytic areas1–3. A scoring method for enthesopathy development has already been proposed3. In this paper, a stand-

ardised descriptive and photographic scoring method is proposed for the robusticity of 23 postcranial skeleton entheses.

For each enthesis, 3 levels of development are described, corresponding, in general, to a weak-moderate expression (de-

gree 1), strong development (degree 2) and very strong development (degree 3). The interobserver error of about 20%

seems acceptable given the great morphological variability of these traits.
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Introduction

The term »enthesis« derives from the Greek word
»enqesiV«, meaning »insertion«4. This term is normally
used to identify the sites of attachment of muscles, liga-
ments and capsules on bones3–7, although some authors
make a distinction between »enthesis« (site of muscle at-
tachment) and »syndesmosis« (site of ligament attach-
ment)8–11.

The study of entheses in human skeletal remains to re-
construct habitual physical activities of past populations
has received much attention since the 1980s1,5,12–21. How-
ever, these studies have only rarely employed standardised
scoring methods; this makes comparison of the results of
studies performed by different authors on different popula-
tions rather unreliable, and this fact, in turn, limits the in-
terpretative possibilities. In particular, two standardised
scoring methods have been proposed by Hawkey22 (see also
Hawkey and Merbs1) and Robb23,24 respectively. The main
problem with these methods is that none of them provides
reference photographs of each enthesis. Moreover, the first
method regards only the upper limb entheses. The objec-
tive of the present paper is to propose a descriptive and
photographic standard for the scoring of 23 entheses of the
postcranial skeleton and to illustrate the various opera-
tional phases involved in its definition.

It is useful to record the type of expression of entheses
(simple surface irregularity or osteoproductive or erosive
formations) and their levels of development. These traits
are essentially qualitative, with continuous variation,
and they are usually scored via macroscopic observation.
Indeed, quantification of the degrees of development is
often impossible due to the great number of variables
that need to be considered: ideally it would be necessary
to clearly delimit the attachment surface, whose borders,
however, are not always evident, and then evaluate its
extension, but more properly its volume since an enthe-
sis has a complex three-dimensional development be-
cause of its irregular surface (rugosity, sulci, ridges, etc.);
the latter information should then be evaluated in rela-
tion to the size of the bone. It should also be noted that
most anthropological research on the skeleton (attribu-
tion of age and sex, palaeopathology, study of activity in-
dicators, study of discrete traits, etc.) routinely employs
inexpensive, non-destructive macroscopic observation,
which is often no less informative than more sophisti-
cated methods (microscopic, radiographic, biomolecular,
histological, etc.). The latter methods are usually used to
complement macroscopic observations or for more de-
tailed study of doubtful situations.
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The main problem with the macroscopic scoring of
qualitative traits is the difficulty of their codification,
which gives the observations a large degree of subjectiv-
ity. To reduce the subjectivity of the observations, it is
necessary to use standardised scoring methods. The pro-
blem of standardisation of scoring methods for skeletal
morphological markers of activity was tackled by our re-
search group long ago2, particularly regarding the devel-
opment and alterations of entheses and the possible pres-
ence of extensions of articular surfaces or the formation
of accessory articular facets.

In previous works2,3, we proposed that 3 aspects of
each enthesis be scored:

1. robusticity (cf. Hawkey and Merbs1), representing the
»normal« osseous markings at the site of attachment
of a muscle or ligament;

2. proliferative, »osteophytic« enthesopathies (OF), cha-
racterised by the presence of enthesophytes (we will
call them, most properly, EF);

3. erosive, osteolytic enthesopathies (OL), characterised
by pitting or eroded areas.

Entheses are always recognizable on the bone by the
presence of surface irregularities (rough or remodelled
surface, ridges, grooves, etc.). In fact, being involved in
the transmission of forces to generate movement, they
are subjected to mechanical loading, which induces a re-
sponse by the bone. The type and magnitude of the re-
sponse can vary, probably depending on several factors
(e.g. the type and magnitude of stress, the age and sex of
the individual, etc.), giving rise to different degrees of de-
velopment and also to different morphologies. Therefore,
robusticity markers are always observable, although
with variable degrees of expression, while enthesopa-
thies (enthesophytes or eroded areas) can be absent or
present. Thus, the distinction between robusticity and
enthesopathies is justified by their different meaning,
the first representing the physiological bone response to
the muscle or ligament solicitations, the latter being the
effect of some kind of »anomalous« condition (excessive
mechanical loading, pathological conditions of various
origin, etc.). A scoring standard for the two forms of
enthesopathies has already been published3.

The aim of this paper, the continuation and comple-
tion of the preceding one on enthesopathies3, is to pro-
pose a standardised method to score the robusticity of
entheses, discussing in a critical way the problems that
have aroused in the course of its definition and the
choices that have been made. In fact, the definition of a
scoring methodology for qualitative characteristics im-
plies some initial decisions (e.g. to decide the entheses to
be scored, the number of developmental classes, etc.).
Their effectiveness have to be evaluated in relation to the
objectives of the study (e.g. to study the individual skele-
tal response to limb amputation, the biological effects of
different life styles in prehistoric populations with differ-
ent subsistence patterns, etc.), considering also the type
of data analysis or statistical elaborations required. Vari-
ous attempts have to be done before reaching the desired

result, that represents in any case a compromise between
the need for a sensitive instrument, capable of giving de-
tailed data, and an effective instrument, providing repro-
ducible observations.

Thus, in the present paper, the main aspects of the
procedure that led to the production of the standard pro-
posed will be illustrated. This procedure can be divided
in three phases:

1st phase: preparation of a preliminary standard with 5
degrees of development for each enthesis and verification
of its validity by calculation of the intraobserver error;

2nd phase: evaluation of the interpretative possibili-
ties offered by the 5-degrees-standard through its appli-
cation to study a sample of 113 individuals of known age,
sex and occupation, in order to verify if this subdivision
into 5 degrees was effectively useful to find possible rela-
tionships between the entheseal development and these
variables;

3rd phase: preparation of the definitive standard, on
the basis of observations in the first two phases, and veri-
fication of the new methodology by calculation of the
intra- and interobserver errors.
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TABLE 1
LIST OF THE ENTHESES (NAMED AFTER THE MUSCLE OR

LIGAMENT ATTACHING TO IT) CONSIDERED IN THE PRESENT
STUDY (IN BRACKETS THE BONE ON WHICH THE ENTHESIS

OCCURS), DIVIDED ACCORDING TO THE FUNCTIONAL
COMPLEX TO WHICH THE MUSCLE/LIGAMENT BELONGS

Enthesis
Functional
Complex

Costoclavicular lig. (clavicle)

Shoulder

Conoid lig. (clavicle)

Trapezoid lig. (clavicle)

M. pectoralis major (clavicle)

M. deltoideus (clavicle)

M. pectoralis major (humerus)

M. lat. dorsii/teres major (humerus)

M. deltoideus (humerus)

M. triceps brachii (scapula)

Elbow
(flexion/

extension)

M. brachioradialis (humerus)

M. biceps brachii (radius)

M. triceps brachii (ulna)

M. brachialis (ulna)

M. pronator teres (radius) Forearm
(pronation/
supination)

Interosseous membrane (radius)

M. supinator (ulna)

M. gluteus maximus (femur) Hip
M. iliopsoas (femur)

M. vastus medialis (femur)
KneeQuadriceps tendon (tibia)

Quadriceps tendon (patella)

M. soleus (tibia) Foot
Achilles tendon (calcaneus)



The 1st and 2nd phases will thus consitute the materials
and methods section, while the 3rd phase represents the
results and discussion section. We also propose a standard-
ised data collection form that allows the scoring of the
above-mentioned aspects for each enthesis: robusticity,
enthesophytic (EF) and osteolytic enthesopathies (OL).

Materials and Methods

The standardised scoring method for robusticity was
developed for 23 entheses of the postcranial skeleton (Ta-
ble 1). These entheses were chosen on the basis of three
characteristics: they should be often preserved on osteo-
archaeological material; they should be easily identifi-
able on bones, so we selected those ones where only one
(e.g. m. deltoideus on the humerus) or at most two at-
tachment sites are present in the same area of the bone
(e.g. mm. latissimus dorsii/teres major on the humerus);
they should show appreciable variability to be divided in
different classes of development.

The skeletal materials utilized for the study come
from the Sardinian (Italy) collection (part of the Fras-
setto collections25, early XX century) of the Museum of
Anthropology, University of Bologna and from the Spe-
rino Collection (late XIX century) housed in the Institute
of Anatomy of the Modena Hospital (Italy). Information
about the age, sex and occupation of the individuals is
available for both skeletal collections. The Sardinian col-
lection include also bones from ossuaries. The pathologi-
cal specimens were discarded.

First phase

As suggested by Robb23,24, we identified 5 levels of de-
velopment for each enthesis (degrees 0 to 4) by setting up
a series of bones (around 30) in increasing order of de-
gree of development of the enthesis considered and divid-
ing the observed variability into classes. The bones came
from ossuaries of several Sardinian cemeteries (XX cen-
tury). We then described the characteristics of each class
of development for each enthesis. As an example, we re-
port the standard for the attachment of the costoclavi-
cular ligament on the costal tuberosity of the clavicle:

Costoclavicular ligament

0. the impression is practically absent; the surface of the
attachment site is smooth

1. the impression is barely appreciable, the attachment
area presents only slight rugosity

2. the attachment area is well delimited, although the edges
are discontinuous. The surface is barely raised or de-
pressed, smooth or slightly rugose

3. the area is delimited by well-defined margins, raised
or depressed, with irregular or rugose surface

4. the impression is strongly developed and extensive;
different morphologies are possible: »fingerprint in
plasticine« or raised platform with irregular or rugose
surface. The edges are generally sharp or »lipped«, in
any case well-defined, usually with the dorsal margin
more developed than the ventral.

NB: if an osteolytic enthesopathy of degree 3 (pres-
ence of several small areas of erosion – ca. 4 mm in length
or diameter – or at least one extensive and deep osteo-
lytic area – >4 mm in length or diameter) is present,
robusticity should be scored as NR (not recordable).

To test the validity of this method of scoring entheses,
we calculated the intraobserver error: the percentage of
errors committed by the same observer in attributing the
various entheses to the defined levels of development in
two independent scoring sessions a few months apart. A
sample of 60 complete skeletons (43 males and 17 fe-
males) from the Sardinian (Sassari) collection was used
for this test3. We could not refer to the literature for the
definition of errors associated to standardized scoring
methods for entheses development. In fact, Robb23,24 did
not associate any error to his method, while Hawkey and
Merbs1 state the interobserver error of their method has
proven negligible, but they did not specify the method
used for its calculation. The error presented here was
calculated with a program in Visual Basic For Applica-
tions (1998) that compares the contents of cells of two
Excel spreadsheets containing the data of the first and
second scoring sessions. The program computes the total
number of cells, the number of cells with different con-
tent and the percentage error (no. cells with different
content*100/total no. cells). The overall intraobserver er-
ror was 28.1%. Various revisions were made to try to give
a better definition of the different classes of develop-
ment, but the error was not noticeably reduced.

In this regard, it must be noted that the procedure to
define the developmental classes has an objective limita-
tion: the need to divide continuous variation into discrete
categories, and even to apply the concepts of 'previ-
ous-subsequent’ or 'greater-lesser’ to different morpho-
logies (for example, the radial tuberosity, insertion of m.

biceps brachii, can be very prominent, but with a smooth
surface, or not prominent, but with a rough surface; the
ulnar insertion of m. supinator can be in the form of a
crest or a tubercle). In fact, we found that, during at-
tempts to order the bones according to the increasing de-
velopment of a certain enthesis, various series were pos-
sible and we could not reasonably choose one or another.
Therefore, the choice is largely arbitrary and, with the
current state of knowledge, this error probably cannot be
eliminated. Hawkey22 also recognised the difficulty of de-
fining discrete classes of development for these traits
characterised by continuous variation. In fact, despite
her methodology provides 3 degrees of development (1=
faint, 2=moderate and 3=strong expression), she states
that intermediate scores (i.e. 2.5) can also be used. In the
present work, the use of intermediate scores has been
avoided. In doubtful cases, you must decide which cate-
gory best fits with the specimen under examination.

Intraobserver errors were occasionally due to attribu-
tion of a certain degree of development in one of the two
scoring sessions versus a »not recordable« verdict in the
other session when the area was incomplete or damaged.
However, the errors were most often due to confusion be-
tween two adjacent developmental classes. This type of
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error can be attributed to several causes. First of all, the
attribution of a degree is influenced by the unconscious
comparison with the previously analysed bone, so that
the observer will tend to attribute a more or less high de-
gree depending on whether the enthesis of the previous
bone was poorly or well developed. In addition, the right
and left bones of one individual were scored contempora-
neously; this led, in the case of asymmetry, to attribution
of the same degree to both sides in one of the two scoring
sessions (with a note indicating the side that presented
the greater development) but attribution of a higher de-
gree to the bone with greater development in the other
session. Finally, the observer may also be influenced by
the greater absolute extension of the entheses on large
bones than on smaller bones.

Second phase

The above observations on the origin of the scoring
error made us think that the most reasonable way to try
to lower it was to reduce the number of degrees of devel-
opment, for example from 5 to 3. In particular, the major
part of the variability (from very low to medium develop-
ment) could be included in the first degree, while the
high and very high development, less subject to scoring
errors, could be included in the second and third degrees
respectively. However, before accepting this modification,
it was necessary to obtain information about the inter-
pretative possibilities offered both by the finer subdivi-
sion in 5 degrees of development and a grosser one. Thus,
despite the high intraobserver error, the preliminary
standard with 5 classes of development was used to study
the variation of the traits according to age, sex and occu-
pation of the individuals. In fact, the intraobserver er-
rors mainly concerned adjacent classes of development;
thus, we concluded that the attributions within a single
scoring session would reflect the level of relative develop-
ment of the entheses of the different individuals.

Therefore, we used this standard to study a sample of
113 individuals deriving partly from the Sperino Collec-
tion (52 males, late XIX century) and partly from the
Sardinian (Sassari) collection (44 males and 17 females,
early XX century). As already said, information about the
age, sex and occupation of the individuals is available for
both skeletal collections. The males worked at various
jobs, although most were farmers (Table 2), while the fe-
males were all housewives.

For each enthesis of each individual, we recorded the
robusticity and the possible presence and degree of devel-
opment of enthesophytic (EF) and osteolytic (OL) enthe-
sopathies3. To investigate age-related differences, we con-
sidered only the 96 males (Table 2) divided into three
classes: 54 »young« adults (YA, 20–29 years), 27 »mature«
adults (MA, 30–39 years) and 15 »old« adults (OA, >40
years). For sampling reasons (few individuals over 40
years), we did not use the classic subdivision of Buikstra
and Ubelaker26 (YA: 20–35 years; MA: 36–50; OA: >50).

To test for possible sex differences, we selected indi-
viduals between 30 and 39 years to avoid any effects of
too young or too advanced age. The sample consisted of
17 females and 27 males.

For each grouping based on age or sex, we calculated

the absolute frequencies and percentages of each degree

of development for each enthesis, taking account of the

side. However, in view of the small subsample sizes, it

was necessary to reduce the developmental classes to two

(low-medium development, degrees 0+1+2, and high de-

velopment, degrees 3+4) in order to carry out valid sta-

tistical analyses. The significance of the differences among

age classes, or between sexes, was evaluated by ÷2 test

and when possible (2*2 table) by Fisher’s exact test27–29.

These statistical analyses were not applied to investigate

differences among occupations because of the limited

number of individuals performing each job (Table 2).

The original division into 5 classes of development

was also used to calculate a »score« for each individual,

i.e. a »mean degree of development« calculated as the

mean of the degrees of development of the single en-

theses. This operation, attributing a number to each in-

dividual, allowed us to apply other statistical methods.

The score was calculated for each »functional complex«

(Table 1), as suggested by Dutour (personal communica-

tion). In fact, movements of the human body require the

contemporary and coordinated intervention of several

muscles, and they often involve more than one joint.

Thus, the entheses were grouped, on the basis of the

functions they are associated with, into six 'functional

complexes’: shoulder, elbow (flexion/extension), forearm

(pronation/supination), hip, knee and foot (Table 1). For

each functional complex, we calculated the mean score

(X), standard deviation (SD) and coefficient of variation

(CV=SD*100/mean) according to sex, age class and, when

possible, occupation. In addition to the functional com-

plexes, we also considered the entire upper and lower

limbs.

V. Mariotti et al.: Scoring Method for Entheses, Coll. Antropol. 31 (2007) 1: 291–313

294

TABLE 2
COMPOSITION OF THE MALE SAMPLE BY AGE

AND OCCUPATION

20–29 30–39 >40
total

SS Sp SS Sp SS Sp

Farmer 10 8 8 3 1 30

Mason 5 4 1 1 1 12

Merchant 4 1 2 2 3 12

Cobbler 5 1 1 7

Miner 2 1 1 1 5

Baker 2 1 3

Butcher 1 2 3

Carpenter 2 1 3

Employee 1 1 1 3

Weight carrier 1 2 3

Driver 1 1 2

Shepherd 1 1 2

Smith 2 2

Other 3 1 1 1 3 9

Total 29 25 15 12 0 15 96

SS – Sardinian collection, Sp – Sperino collection



For the males, the possible correlation between the
individual scores of each functional complex and age was
evaluated by calculation of the non-parametric Spear-
man correlation coefficient and the respective level of
significance (STATISTIC 4.0 for Windows, Statsoft, Inc.
1993), while the possible significance of the differences
observed in the mean score of each functional complex
for each age class was evaluated by the ANOVA single
factor test (Ms Excel 2000).

The significance of the differences between the mean
scores of males and females and of some occupational
classes was assessed by Student’s t test.

The analysis of scores allowed testing the interpreta-
tive possibilities offered by the 5-grades-standard, while
the analysis of the frequencies allowed testing the inter-
pretative possibilities offered by a standard with a lesser
number of degrees, in this case only 2 degrees (low to me-
dium and high to very high development). As the purpose
of our work is to define a useful new scoring method, the
results of the application of the preliminary methodology
to the study of the sample of known age, sex and occupa-
tion will be only briefly discussed, focusing in particular
on the comparison, for age and sex grouping, between
the results obtained calculating the »scores« and the fre-
quencies respectively.

Relation between degree of development and age

The individual scores provide a basic outline of the re-
lationship between the general degree of development
and age. Table 3 shows that the mean score for each func-
tional complex and for the upper and lower limbs in-
creases significantly in the three age classes. Moreover,
the Spearman correlation coefficient shows a significant
positive correlation between the score of each individual
and age, for all the skeletal regions examined. In general,
the correlation is higher for the lower limb (Table 3).

The frequencies of the »low-medium« (degrees 0+1+
2) and »high« (degrees 3+4) developmental classes for
each enthesis also show an increase of development with
age (Table 4). This increase is statistically significant in
many cases, in particular for all the entheses of the lower
limb but the m. iliopsoas enthesis.

Increased robusticity with age is evident in spite of
the small number of »old« adults, both considering the
scores and the frequencies. This trend has been observed
by various Authors2,19,23,24. Indeed, it is expected for
traits influenced by mechanical loading, since even slight
but prolonged mechanical stresses can cause high enthe-
seal development. The effect of age is more evident for
the entheses of the lower limbs, maybe in relation to the
carrying function of these limbs. For the upper limbs, the
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TABLE 3
MEAN SCORE, STANDARD DEVIATION, COEFFICIENT OF VARIATION AND p VALUE OF THE ANOVA TEST FOR EACH FUNCTIONAL

COMPLEX AND UPPER AND LOWER LIMBS, OF LEFT AND RIGHT SIDES, IN THE THREE AGE CLASSES, FOLLOWED BY THE
SPEARMAN CORRELATION COEFFICIENT AND RELATIVE p VALUE BETWEEN THE SCORE OF EACH INDIVIDUAL AND HIS AGE

20–29 30–39 >40 p
(ano-
va)

N rS p
N X SD CV N X SD CV N X SD CV

Left

Shoulder 49 2.27 0.38 16.96 26 2.29 0.37 16.22 13 2.75 0.46 16.58 0.001 88 0.24 0.025

Elbow 50 2.07 0.39 18.78 27 2.25 0.34 15.10 15 2.43 0.26 10.73 0.002 92 0.38 0.000

Forearm 50 1.61 0.57 35.49 27 1.95 0.54 27.92 15 2.16 0.71 32.99 0.003 92 0.43 0.000

Hip 50 2.59 0.61 23.62 26 2.81 0.58 20.81 14 3.14 0.57 18.12 0.009 90 0.37 0.000

Knee 48 1.50 0.46 30.52 26 1.96 0.57 28.97 15 2.11 0.69 32.51 0.000 89 0.51 0.000

Foot 48 2.18 0.51 23.45 26 2.67 0.66 24.78 15 2.97 0.64 21.57 0.000 89 0.50 0.000

Upper limb 49 2.10 0.35 16.67 26 2.22 0.31 13.92 13 2.53 0.33 13.11 0.000 88 0.39 0.000

Lower limb 47 2.00 0.39 19.67 26 2.41 0.45 18.89 15 2.62 0.44 16.63 0.000 88 0.59 0.000

Up+low limb 46 2.09 0.28 13.61 25 2.27 0.30 13.19 13 2.57 0.33 12.83 0.000 84 0.53 0.000

Right

Shoulder 47 2.30 0.36 15.51 26 2.33 0.40 17.12 14 2.83 0.42 14.73 0.000 87 0.33 0.002

Elbow 48 2.13 0.39 18.13 27 2.29 0.38 16.65 15 2.51 0.24 9.47 0.002 90 0.41 0.000

Forearm 51 1.57 0.62 39.23 27 2.00 0.51 25.74 15 2.27 0.62 27.34 0.000 93 0.48 0.000

Hip 48 2.50 0.62 24.75 27 2.78 0.61 21.95 14 3.11 0.59 19.12 0.004 89 0.37 0.000

Knee 48 1.55 0.50 32.26 27 1.95 0.58 29.49 15 2.11 0.45 21.45 0.000 90 0.56 0.000

Foot 51 2.15 0.50 23.42 27 2.63 0.63 23.93 15 3.03 0.69 22.86 0.000 93 0.53 0.000

Upper limb 46 2.11 0.34 15.97 26 2.27 0.35 15.49 14 2.63 0.33 12.48 0.000 86 0.47 0.000

Lower limb 47 2.01 0.38 18.78 27 2.39 0.38 16.03 15 2.65 0.38 14.30 0.000 89 0.67 0.000

Up+low limb 43 2.12 0.29 13.80 27 2.30 0.31 13.31 14 2.63 0.32 12.18 0.000 84 0.57 0.000

rS – Spearman correlation coefficient



extra mechanical loading due to occupation, influencing
especially the young and mature adults, could be respon-
sible for the »mitigation« of the age effect on entheseal
development.

Relation between degree of development and sex

Student’s t test applied to the scores of males and fe-
males between 30 and 39 years shows that the sex differ-
ences are not significant (Table 5).

The frequencies reveal that sex differences are only
significant in a few cases (m. supinator, m. iliopsoas and
quadriceps tendon), with higher development in males
(Table 6). The greater development of two entheses of
the lower limbs of men could be in relation to the fact
that they were involved in activities that likely required
greater use of these limbs (farmers, miners, weight carri-
ers, etc.) respect to the women that were all housewives.

The results obtained could be influenced by the small
sample size. In any case, it should be noted that both the

scores and the frequencies show that some functional
complexes and some entheses present higher develop-
ment in one sex while others are more developed in the
other. Thus, the differences between the sexes could re-
flect functional differences, since an inhomogeneous pat-
tern of higher or lower development in one of the two
sexes makes the influence of intrinsically sex-related fac-
tors less likely.

Observations regarding the occupations

Because of sampling problems, Tables 7 and 8 only re-
port the mean scores and respective t test results of
farmers, masons, cobblers and merchants between 20
and 39 years old. Individuals over 40 years of age were
not considered, because of the marked influence of age
on the enthesis development. In general, merchants pre-
sent lower mean development and lower CV than other
occupations (Table 7). The higher mean score of cobblers,
especially for the lower limb, could be in relation to the
very small sample size. Significant differences among oc-
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TABLE 4
FREQUENCY DISTRIBUTION (%) OF »HIGH« DEVELOPMENT (DEGREES 3+4) FOR EACH ENTHESIS BY AGE CLASS, ALONG WITH THE

p VALUE OF ÷
2 TEST AMONG THE AGE CLASSES

Left Right

20–29 30–39 >40
p

20–29 30–39 >40
p

Enthesis N % N % N % N % N % N %

Shoul-
der

Costoclavicular lig. (clav.) 49 46.94 24 33.33 13 69.23 0.112 47 44.68 25 40.00 14 71.43 0.140

Conoid lig. (clav.) 54 33.33 26 42.31 13 46.15 0.586 52 30.77 26 38.46 14 50.00 0.391

Trapezoid lig.(clav.) 54 20.37 26 15.38 13 23.08 0.813 52 25.00 26 26.92 14 14.29 0.645

M. pectoralis major (clav.) 52 21.15 26 23.08 13 61.54 0.012 52 36.54 26 42.31 14 78.57 0.019

M. deltoideus (clav.) 53 37.74 26 50.00 13 61.54 0.243 52 42.31 26 46.15 14 64.29 0.342

M. pectoralis major (huM.) 51 76.47 27 51.85 15 93.33 0.009 49 77.55 27 51.85 15 93.33 0.008

M. lat.dorsii/teres M. (huM.) 50 50.00 27 59.26 15 73.33 0.263 48 45.83 26 50.00 15 60.00 0.631

M. deltoideus (huM.) 52 42.31 27 51.85 15 93.33 0.002 50 46.00 27 44.44 15 93.33 0.003

Elbow

M. triceps brachii (scap.) 53 15.09 27 18.52 15 40.00 0.101 53 18.87 27 37.04 15 40.00 0.111

M. brachioradialis (huM.) 49 36.73 27 59.26 15 53.33 0.140 49 40.82 27 62.96 15 60.00 0.132

M. biceps brachii (radius) 51 9.80 27 18.52 15 0.00 0.169 51 9.80 27 18.52 15 6.67 0.418

M. triceps brachii (ulna) 49 12.24 27 37.04 15 46.67 0.007 48 14.58 24 41.67 15 53.33 0.004

M. brachialis (ulna) 52 32.69 27 25.93 15 53.33 0.190 50 42.00 27 25.93 15 53.33 0.181

Fore-
arm

M. pronator teres (radius) 50 2.00 27 3.70 15 13.33 0.165 50 2.00 27 3.70 15 26.67 0.002

Interosseous membr. (radius) 49 6.12 27 11.11 15 20.00 0.280 50 4.00 26 15.38 15 13.33 0.199

M. supinator (ulna) 53 43.40 27 55.56 15 80.00 0.041 51 29.41 27 51.85 15 80.00 0.002

Hip
M. gluteus maximus (femur) 53 26.42 26 53.85 14 78.57 0.001 51 25.49 27 51.85 14 78.57 0.001

M. iliopsoas (femur) 51 78.43 27 81.48 13 76.92 0.931 49 65.31 27 66.67 13 76.92 0.726

Knee

M. vastus medialis (femur) 53 18.87 26 38.46 15 46.67 0.048 51 13.73 27 33.33 15 46.67 0.016

Quadriceps tendon (tibia) 46 32.61 26 73.08 15 73.33 0.001 47 31.91 26 65.38 14 78.57 0.001

Quadriceps tendon (patella) 49 14.29 24 25.00 12 50.00 0.027 45 20.00 24 25.00 13 46.15 0.163

Foot
M. soleus (tibia) 48 29.17 26 53.85 15 73.33 0.005 51 23.53 27 51.85 15 66.67 0.003

Achilles tendon (calcaneus) 46 28.26 24 66.67 13 76.92 0.001 48 33.33 27 55.56 13 76.92 0.011



cupations have been found between farmers and mer-
chants for the entire lower limbs and the right foot (Ta-
ble 8). In this case, an influence of mechanical loading is
very likely.

The small sample sizes of the occupational classes,
with the exception of farmers, make it useless to analyse
the frequencies of the degrees of development.

Results and Discussion

Third phase

For the final definition of the scoring standard, we
considered the results and observations obtained in the
first two phases of the study, which showed that:

• the intraobserver error using the standard with 5 de-
grees of development is high (around 28%), even if it
must be pointed out that most of the errors concern
adjacent classes of development.

• age is the main factor influencing the degree of enthe-
seal development.

• the subdivision into 5 developmental classes, implying
a great fragmentation of the sample (already subdi-
vided by sex and age), could not be used for calculation
of frequencies, even if it has been useful for the calcu-
lation of the individual »score«.

• the study of the relationship of robusticity with age
and sex using the »score« (that implies the use of the
5-degrees-standard) provided results in general consis-

tent with those obtained using the frequencies derived
by pooling the first three degrees (0+1+2) of develop-
ment and the last two (3+4). It is worth noting that
the »score« emphasizes especially the effect of age on
entheseal development.

Therefore, for the definitive version of the scoring
standard, we decided to reduce the degrees of develop-
ment of robusticity to three: degree 1 includes weak to
medium entheseal development; degree 2 corresponds to
strong development, and degree 3 is reserved for very
strong development of the enthesis, albeit not in an
enthesopathic form. In this way, both the intraobserver
and interobserver error were around 20%. In view of the
qualitative nature of the observed traits, their great vari-
ability and the fact that the scoring was performed by
well-trained personnel, these values were considered ac-
ceptable and the standard was judged to be suitable for
use. Nevertheless, subcategories (1a, 1b and 1c) have
been maintained for degree 1, corresponding to the »very
slight«, »low« and »medium« degrees of development;
these subcategories can be used as indicative values or
when one is able to examine a fairly large skeletal series.

In general, if one wants to consider the frequencies of
the different degrees of development, it is advisable to
use only the 3 main degrees of development, or even only
degree 1 and 2+3: the use of more degrees would lead to
fragmentation of the sample, making interpretation of
the results difficult. When the subcategories of degree 1
are considered, one effectively obtains a scale with 5 de-
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TABLE 5
MEAN SCORE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION FOR EACH FUNCTIONAL COMPLEX AND UPPER AND

LOWER LIMBS, OF LEFT AND RIGHT SIDES, IN MALES AND FEMALES (30–39 Y.), AND THE p VALUE OF STUDENT’S t TEST

Males Females
p

N X SD CV N X SD CV

Left

Shoulder 26 2.29 0.37 16.22 17 2.37 0.28 11.83 0.492

Elbow 27 2.25 0.34 15.10 17 2.26 0.36 16.05 0.906

Forearm 27 1.95 0.54 27.92 16 1.98 0.51 25.70 0.866

Hip 26 2.81 0.58 20.81 16 2.53 0.50 19.71 0.124

Knee 26 1.96 0.57 28.97 17 1.73 0.53 30.72 0.179

Foot 26 2.67 0.66 24.78 17 2.35 0.55 23.48 0.106

Upper limb 26 2.22 0.31 13.92 16 2.30 0.24 10.58 0.399

Lower limb 26 2.41 0.45 18.89 16 2.15 0.43 19.75 0.078

Up+low limb 25 2.27 0.30 13.19 17 2.23 0.27 12.07 0.665

Right

Shoulder 26 2.33 0.40 17.12 17 2.37 0.28 11.71 0.707

Elbow 27 2.29 0.38 16.65 17 2.31 0.41 17.68 0.844

Forearm 27 2.00 0.51 25.74 16 1.98 0.52 26.43 0.899

Hip 27 2.78 0.61 21.95 16 2.53 0.46 18.34 0.171

Knee 27 1.95 0.58 29.49 17 1.75 0.58 33.26 0.281

Foot 27 2.63 0.63 23.93 17 2.26 0.64 28.27 0.070

Upper limb 26 2.27 0.35 15.49 16 2.30 0.28 12.18 0.749

Lower limb 27 2.39 0.38 16.03 16 2.15 0.47 21.70 0.069

Up+low limb 27 2.30 0.31 13.31 17 2.24 0.28 12.54 0.497



grees of development, which can be used to calculate the
score (to obtain score values comparable with those pre-
sented in this study, you should attribute the value 0 to
degree 1a, 1 to degree 1b, 2 to degree 1c, 3 to degree 2 and
4 to degree 3). However, the attribution errors will be
greater in this case; therefore, it is advisable to use this
more detailed scale only when it is possible to sort the
bones to be scored into a series reflecting the graded de-
velopment of the individuals, at least in relative terms.

With regard to interpretation of the resulting data,
the characteristics of entheses have a multifactorial eti-
ology, and the single factors and their relative contribu-
tion to the expression of the traits are very difficult
(sometimes impossible) to assess2,3. Thus, a functional
interpretation of entheses robusticity requires the subdi-
vision of the sample by age and sex. Our studies show
that age is the main factor responsible for the degree of
development of robusticity and of the type and degree of
development of enthesopathies. A high, generalised en-
theseal development in one individual seems to be a
rather good »old« age indicator! Hence, only high degrees

of development involving only some entheses, or an evi-
dent asymmetry of development in skeletons of young or
mature adults can provide reliable indications about me-
chanical loading. Pathological conditions or the results of
traumas which could interfere with the development of
particular characteristics of the entheses, should also be
taken into account.

The definitive standardised scoring method, consist-
ing of the description of the possible developmental clas-
ses of each enthesis and their photographic documenta-
tion, is fully reported in Appendix 1. The complete stan-
dardised data collection form, also allowing the scoring of
enthesopathies (whose standard has already been publi-
shed3), is reported in Appendix 2. The form allows one to
put in the first line the identification label for the speci-
men to be studied (for example: Tomb 1). In the second
line one should mark the corresponding sex (M=male,
F=female, NI=sex not identified) and age class (YA, MA,
OA, NI). Then, one can fill in the form by marking the
degree of robusticity development (NR when the trait is
not recordable), EF and OL for the bones of the two
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TABLE 6
FREQUENCY DISTRIBUTION (%) OF »HIGH« DEVELOPMENT (DEGREES 3+4) FOR EACH ENTHESIS BY SEX (30–39 Y.) AND

THE p VALUE OF FISHER’S TEST

Left Right

M F
p

M F
p

Enthesis N % N % N % N %

Shoulder

Costoclavicular lig. (clav.) 24 33.33 17 23.53 0.7289 25 40.00 17 35.29 1.0000

Conoid lig. (clav.) 26 42.31 17 29.41 0.5230 26 38.46 17 29.41 0.7478

Trapezoid lig.(clav.) 26 15.38 17 29.41 0.4448 26 26.92 17 29.41 1.0000

M. pectoralis major (clav.) 26 23.08 17 11.76 0.4462 26 42.31 17 17.65 0.1107

M. deltoideus (clav.) 26 50.00 17 70.59 0.2194 26 46.15 17 64.71 0.3495

M. pectoralis major (huM.) 27 51.85 17 64.71 0.5351 27 51.85 17 70.59 0.3455

M. lat.dorsii/teres M. (huM.) 27 59.26 16 75.00 0.3415 26 50.00 16 75.00 0.1949

M. deltoideus (huM.) 27 51.85 17 70.59 0.3455 27 44.44 17 76.47 0.0605

Elbow

M. triceps brachii (scap.) 27 18.52 17 11.76 0.6886 27 37.04 16 12.50 0.1580

M. brachioradialis (huM.) 27 59.26 17 41.18 0.3539 27 62.96 16 37.50 0.1267

M. biceps brachii (radius) 27 18.52 16 31.25 0.4596 27 18.52 16 31.25 0.4596

M. triceps brachii (ulna) 27 37.04 16 18.75 0.3072 24 41.67 16 18.75 0.1770

M. brachialis (ulna) 27 25.93 17 41.18 0.3340 27 25.93 17 52.94 0.1083

Forearm

M. pronator teres (radius) 27 3.70 16 6.25 1.0000 27 3.70 16 12.50 0.5449

Interosseous membrane (radius) 27 11.11 16 31.25 0.1250 26 15.38 15 33.33 0.2476

M. supinator (ulna) 27 55.56 16 6.25 0.0012 27 51.85 16 6.25 0.0028

Hip
M. gluteus maximus (femur) 26 53.85 16 43.75 0.7513 27 51.85 16 43.75 0.7546

M. iliopsoas (femur) 27 81.48 16 43.75 0.0181 27 66.67 16 43.75 0.2035

Knee

M. vastus medialis (femur) 26 38.46 16 43.75 0.7570 27 33.33 16 37.50 1.0000

Quadriceps tendon (tibia) 26 73.08 17 29.41 0.0109 26 65.38 17 41.18 0.2086

Quadriceps tendon (patella) 24 4.17 17 5.88 1.0000 24 8.33 16 6.25 1.0000

Foot
M. soleus (tibia) 26 53.85 17 35.29 0.3495 27 51.85 17 29.41 0.2133

Achilles tendon (calcaneus) 24 66.67 16 50.00 0.3387 27 55.56 15 46.67 0.7488
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TABLE 7
MEAN SCORE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION FOR EACH FUNCTIONAL COMPLEX AND UPPER AND

LOWER LIMBS, OF LEFT AND RIGHT SIDES, IN FARMERS, MASONS, COBBLERS AND MERCHANTS (20–39 Y.)

Farmers Masons Cobblers Merchants

N X SD CV N X SD CV N X SD CV N X SD CV

Left

Shoulder 29 2.24 0.44 19.48 9 2.30 0.53 22.95 5 2.49 0.42 16.88 8 2.29 0.20 8.88

Elbow 29 2.09 0.40 19.29 10 2.12 0.46 21.67 5 2.00 0.49 24.49 9 1.95 0.24 12.56

Forearm 29 1.64 0.56 33.82 10 1.63 0.71 43.51 5 1.93 0.95 49.37 9 1.63 0.48 29.72

Hip 28 2.71 0.60 22.10 10 2.40 0.81 33.74 5 3.00 0.71 23.57 9 2.33 0.61 26.24

Knee 27 1.73 0.50 28.98 9 1.37 0.63 46.22 5 1.80 0.80 44.60 9 1.46 0.33 22.63

Foot 27 2.33 0.60 25.91 9 2.17 0.66 30.53 5 2.40 0.42 17.43 9 2.00 0.43 21.65

Upper limb 29 2.09 0.36 17.19 9 2.16 0.49 22.52 5 2.24 0.51 22.66 8 2.07 0.14 6.65

Lower limb 27 2.18 0.37 17.12 8 1.87 0.66 35.12 5 2.31 0.57 24.85 9 1.87 0.33 17.86

Up+low limb 27 2.16 0.25 11.35 8 2.07 0.52 24.95 5 2.27 0.51 22.44 8 1.99 0.14 6.84

Right

Shoulder 29 2.31 0.44 19.23 8 2.35 0.39 16.81 5 2.56 0.37 14.42 8 2.32 0.17 7.43

Elbow 29 2.17 0.40 18.20 10 2.12 0.49 23.19 4 1.95 0.50 25.64 9 2.02 0.12 5.94

Forearm 29 1.66 0.56 33.82 10 1.47 0.74 50.48 5 1.83 1.12 60.98 9 1.52 0.41 27.13

Hip 27 2.57 0.58 22.67 10 2.55 0.76 29.88 5 3.00 0.71 23.57 9 2.39 0.60 25.16

Knee 27 1.74 0.49 27.89 9 1.41 0.64 45.52 5 1.80 0.90 50.03 9 1.54 0.37 24.11

Foot 29 2.33 0.50 21.69 9 2.22 0.62 27.81 6 2.25 0.52 23.31 9 1.94 0.39 20.10

Upper limb 29 2.16 0.38 17.74 8 2.13 0.45 21.15 4 2.18 0.53 24.27 8 2.08 0.13 6.25

Lower limb 27 2.16 0.35 16.06 9 1.98 0.60 30.24 5 2.29 0.65 28.30 9 1.91 0.26 13.61

Up+low limb 26 2.21 0.25 11.46 7 2.06 0.51 25.04 5 2.30 0.55 24.10 9 2.04 0.13 6.49

TABLE 8
THE p VALUE OF STUDENT’S t TEST BETWEEN COMPARED PAIRS OF OCCUPATIONS

Farm./mas. Farm./merch. Farm./cobbl. Mas./merch. Mas./cobbl. Merch./cobbl.

Left

Shoulder 0.751 0.629 0.246 0.988 0.498 0.279

Elbow 0.860 0.340 0.664 0.350 0.661 0.800

Forearm 0.963 0.946 0.342 0.990 0.502 0.438

Hip 0.203 0.108 0.346 0.843 0.183 0.089

Knee 0.087 0.141 0.809 0.703 0.289 0.413

Foot 0.489 0.137 0.816 0.536 0.493 0.120

Upper limb 0.619 0.783 0.406 0.578 0.775 0.483

Lower limb 0.233 0.032 0.515 0.993 0.242 0.088

Up+low limb 0.671 0.067 0.665 0.650 0.529 0.290

Right

Shoulder 0.831 0.926 0.256 0.859 0.367 0.144

Elbow 0.728 0.078 0.310 0.556 0.571 0.793

Forearm 0.404 0.504 0.743 0.855 0.457 0.572

Hip 0.919 0.419 0.156 0.618 0.290 0.112

Knee 0.109 0.259 0.892 0.607 0.359 0.561

Foot 0.607 0.044 0.736 0.271 0.929 0.217

Upper limb 0.870 0.396 0.926 0.785 0.878 0.751

Lower limb 0.396 0.053 0.698 0.763 0.384 0.270

Up+low limb 0.458 0.060 0.754 0.942 0.454 0.361



sides. In the case of asymmetry with no difference of de-
gree (e.g. degree 2 on both the left and right side, but
with the left more developed), one should mark a »+«
near the degree of the most developed side.

Conclusion

With the present study and the preceding one3, we
provide a standardised method to score the robusticity of
entheses and the possible presence and degree of devel-
opment of enthesopathies. The scoring standard for ro-
busticity is specific for each of the 23 considered enthe-
ses, while that for the enthesophytic (EF) and osteolytic
(OL) enthesopathies is applicable to any of them. The
standard consists of the description of the different de-
grees of development for each enthesis and the corre-
sponding photographic representation. The proposed
method is a useful tool for reducing subjectivity in the
scoring of these traits, thus allowing a more reliable com-
parison of the results of different studies. However, it
should be underlined that use of the standard requires
adequate training, including experience in observing the
entheses, which is necessary to familiarize the observer
with their extreme variability. Photographic documenta-
tion of the variability of the different degrees of develop-
ment is useful, but no substitute for the experience of the
scorer. The interobserver error of 20% is considered ac-
ceptable for these continuously variable qualitative traits.

The standard for entheseal robusticity includes three
degrees of development: low-medium (degree 1), high
(degree 2) and very high (degree 3). The first degree is
further divided into three subcategories: slight impres-
sion (or an extremely low development – degree 1a), low

(1b) and medium development (1c). This makes the stan-
dard a flexible working tool, adaptable to the experience
and requirements of the scorer.

The proposed scoring method has proved to be a use-
ful tool for the study of past populations. Its application
to various osteoarchaeological series has allowed us to
formulate interesting functional hypotheses that have
been confirmed by archaeological and historical eviden-
ce30–36.

Our research group has also worked on the standardi-
sation of the scoring of several cranial entheses (masti-
catory muscles and ligaments of the temporomandibular
joint)37–39, and similar work is in progress for other
postcranial insertion sites and for the extension of artic-
ular surfaces and accessory articular areas. The next step
in the study of the so-called »activity markers« should be
to better understand their interpretative possibilities, in
particular through a deep investigation of their relation-
ship with age, sex and occupation. For this purpose, the
complete investigation of the identified collections of the
Museum of Anthropology of the University of Bologna
(Frassetto collections25, about 1000 skeletons of adult in-
dividuals of known sex, age and occupation) has been un-
dertaken, and we hope the results of this study will soon
be available.
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ISTRA@IVANJE HVATI[TA MI[I]A – PRIJEDLOG STANDARDIZIRANE METODE OCJENJIVANJA

23 HVATI[TA NA POSTKRANIJALNOM KOSTURU

S A @ E T A K

Enteze su uvijek vidljive na kostima, ali u razli~itim formama i s razli~itom izra`eno{}u. Termin »robuscitet« ozna-
~ava »normalnu« ko{tanu razvijenost na entezama, dok »entezopatija« ukazuje na prisutnost entezopatija ili osteo-
liti~kih podru~ja. Metoda ocjenjivanja razvoja entezopatija ve} postoji od ranije. U ovom radu se predla`e standar-
dizirana deskriptivna i fotografska metoda ocjenjivanja robusciteta 23 enteze postkranijalnog kostura. Za svaku entezu
opisane su 3 razvojne razine, koje uglavnom odgovaraju slaboj do umjerenoj izra`enosti (stupanj 1), jakoj izra`enosti
(stupanj 2) i vrlo jakoj izra`enosti (stupanj 3). Odstupanje u procjeni razli~itih promatra~a od oko 20% ~ini se pri-
hvatljivim, uzmu li se u obzir velike morfolo{ke varijacije ovih svojstava.
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Appendix 1: Standard for the Scoring of

Developmental Degrees of Some Entheses

of The Postcranial Skeleton

The entheses are indicated by the names of the mus-
cles or ligaments inserted on them.

NB: When the enthesis is affected by a degree 3
osteolytic enthesopathy (presence of several small areas
of erosion – ca. 4 mm in length or diameter – or at least
one extensive and deep osteolytic area – >4 mm in length
or diameter)3, the robusticity is usually not recordable
(NR). This occurs most often at the attachment sites of
the costoclavicular ligament on the clavicle, mm. pectora-

lis major and latissimus dorsi/teres major on the hu-
merus and m. soleus on the tibia.

Enthesophytes3 can be present in association to every
degree of robusticity (Figure 1), but in some cases (m. tri-

ceps brachii on the ulna, quadriceps tendon on the pa-
tella and tibia, Achilles tendon on the calcaneus) they are
usually associated to degree 3 of robusticity.

Scapula

M. ticeps brachii (Figure 2)
1. a – slight impression: the profile of the infraglenoid

tubercle does not interrupt the profile of the axillary
border of the scapula; the surface is smooth. b – low
development: the infraglenoid tubercle interrupts the
profile of the axillary border, assuming an oblong crest-
-like or roughly triangular shape in frontal view; the
surface is smooth or moderately rugose. c – medium
development: the same as degree 1b, but the surface
is rugose.

2. high development: the infraglenoid tubercle emerges
as a distinct formation of the axillary border, assum-
ing the form of a real tubercle or crest. The surface is
irregular or rugose.

3. very high development: the infraglenoid tubercle, in
the form of a tubercle or crest, is very prominent and
rugose.

Clavicle

Costoclavicular ligament (Figure 3)
1. a – slight impression: the area of insertion is identifi-

able only by slight irregularity of the surface; b – low
development: the impression presents an irregular
surface and is delimited by discontinuous margins; it
can be slightly depressed or raised; c – medium devel-
opment: the impression, slightly raised or depressed,
is delimited by well-defined margins and the surface
is irregular or rugose.

2. high development: impression strongly developed, rais-
ed or depressed, with an irregular or rugose surface.
The margins are generally well-defined; the posterior
margin is often more developed than the anterior.

3. very high development: as above, but with a »lipped«
margin (usually the posterior).

Conoid ligament (Figure 4)

1. a – slight impression: the postero-inferior angle of the
acromial extremity is rounded and may present only
a slightly irregular surface; b – low development: there
is only thickening of the postero-inferior angle of the
bone or a small tubercle; the borders of the area of in-
sertion are not clearly identifiable; the surface is more
or less irregular; c – medium development: there is a
small tubercle or a raised elongated area with rough
surface.
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Fig. 1. M. biceps brachii enthesis on a right radius, with degree

1c robusticity and a degree 2 (1–4 mm) enthesophyte.

Fig. 2. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the scapular enthesis of m. triceps

brachii. Photos in the same frame show the same bone from dif-

ferent points of view. R – right bone, L – left bone.



2. high development: the tubercle or »crest« is well de-
veloped and presents a rough surface.

3. very high development: the tubercle or »crest« is very
protruding.

Trapezoid ligament (Figure 5)

1. a – slight impression: the area of insertion is barely
distinguishable; b – low development: the area of in-
sertion is indicated only by slight surface irregularity
and is on the same plane as the surface of the clavicle;
c – medium development: the area of insertion is ru-
gose, but on the same plane as the surface of the clav-
icle.

2. high development: the area of insertion is rugose and
usually raised; in some cases, it may be depressed;
however, it is not on the same plane as the surround-
ing zone.

3. very high development: the attachment area is rugose
and very raised or depressed.

M. pectoralis major (Figure 6)

1. the anterior surface of the sternal half of the »shaft«
is: a – slight impression: rounded with smooth or slightly
irregular surface; b – low development: slightly flat-
tened and the surface is smooth or slightly irregular;
c – medium development: flattened and the surface is
smooth or slightly irregular.

2. high development: marked flattening, possibly extend-
ing to more than half the length of the bone and/or
with irregular surface.
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Fig. 4. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the clavicular enthesis of conoid

ligament. Photos in the same frame show the same bone from dif-

ferent points of view. R – right bone, L – left bone.

Fig. 3. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the clavicular enthesis of costocla-

vicular ligament. Photos in the same frame show the same bone

from different points of view. R – right bone, L – left bone.

Fig. 5. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the clavicular enthesis of trapezoid

ligament. R – right bone, L – left bone.



3. very high development: marked flattening and rough
surface, sometimes with crests and sulci.

M. deltoideus (Figure 7)

1. a – slight impression: the anterior margin of the ac-
romial half is rounded and the surface is smooth; b –
low development: the anterior margin of the acromial
half is rounded and its surface is irregular; c – me-
dium development: the margin is rounded, but the
surface is rugose, or the margin is interrupted by a
slight prominence with a rugose surface.

2. high development: the profile of the anterior margin
is no longer regularly curved (viewed from above or
below), but is interrupted by a prominence (at times
sharp, at times thicker), or there is a very accentu-
ated rugosity.

3. very high development: as above, but the prominence
is very evident and/or the rugosity extends onto a rel-
atively large area of the superior surface of the clavi-
cle.

Humerus

M. pectoralis major (Figure 8)
1. the crest of the greater tubercle is: a – slight impres-

sion: only slightly raised and its surface is smooth; b –
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Fig. 6. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the clavicular enthesis of m. pecto-

ralis major. R – right bone, L – left bone.

Fig. 7. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the clavicular enthesis of m.

deltoideus. R – right bone, L – left bone.

Fig. 8. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the humeral enthesis of m. pectora-

lis major. R – right bone, L – left bone.



low development: only slightly raised and its surface
is slightly irregular; c – medium development: raised
and with irregular surface.

2. high development: the crest is raised and its surface
is rugose.

3. very high development: the crest is very raised and
rugose, often in the form of a lanceolate, olive leaf-
-shaped area, with well-defined margins and often
grooved by a longitudinal fossa.

M. latissimus dorsi/teres major (Figure 9)

1. the area of insertion on the crest of the lesser tubercle
is: a – slight impression: barely perceptible to the touch;
b – low development: marked by some rugosity; c –
medium development: slightly raised and with an ir-
regular surface.

2. high development: the area of insertion is raised and
can present a longitudinal sulcus.

3. very high development: the area of insertion is raised
and rugose and can form a true crest, sometimes with
a longitudinal groove.

M. deltoideus (Figure 10)

1. a – slight impression: the anterior and lateral crests
of the deltoid tuberosity are only barely appreciable
and the surface is smooth; b – low development: the
anterior and lateral crests are not very marked and
the surface may be rugose; c – medium development:

the crests are well visible and the lateral one pro-
trudes, slightly altering the profile of the bone; the
surface may be rugose.

2. high development: the anterior and lateral crests are
raised and rugose. The lateral crest protrudes, alter-
ing the profile of the bone.

3. very high development: the anterior and lateral crests
are very raised and/or rugose, and the lateral crest is
very protruding.

M. brachioradialis (Figure 11)

1. a – slight impression: the latero-inferior margin is
smooth; b – low development: the latero-inferior mar-
gin presents, anteriorly, a barely appreciable crest; c –
medium development: the margin can present a flat-
tened and rugose inverted »v« anterior zone, or a lit-
tle crest curved or »lipped« anteriorly.

2. high development: the latero-inferior margin pres-
ents a crest curved anteriorly.

3. very high development: the lateral part of the inferior
quarter of the bone is »sail-like« and presents a very
developed crest curved anteriorly.

Radius

M. biceps brachii (Figure 12)
1. a – slight impression: there is only a slight swelling at

the bicipital tuberosity, with smooth surface; b – low de-
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Fig. 9. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the humeral enthesis of m.

latissimus dorsi/teres major. R – right bone, L – left bone.

Fig. 10. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the humeral enthesis of m.

deltoideus. R – right bone, L – left bone.



velopment: the bicipital tuberosity appears as an oval
swelling with rounded margins; the muscle markings,
in the form of surface irregularities, are weak and they
are usually more evident on the medial margin; c – me-
dium development: the lateral margin of the tuberosity
is rounded, but the medial margin is more developed;
the surface of the tuberosity is irregular and often
grooved by a little longitudinal fossa or sulcus.

2. high development: the tuberosity, especially the me-
dial margin, is very prominent. The surface can be
more or less rugose and may be grooved by a longitu-
dinal fossa or sulcus.

3. very high development: the tuberosity is very promi-
nent and its margins, especially the medial, are very
well developed and may form a raised border.

M. pronator teres (Figure 13)

1. a – slight impression: the area of insertion is practi-
cally smooth, or presents very slight surface irregu-
larities; b – low development: the surface of the inser-
tion area is irregular. c – medium development: the
area presents obvious rugosity, but is not markedly
raised with respect to the surface of the bone. In all
cases (1a, 1b, 1c), there may be a slight longitudinal
sulcus.

2. high development: the area presents »herring-bone«
rugosity and is slightly raised or even flattened, but
with well-defined borders.

3. very high development: the »herring-bone« rugosity
is very well developed and forms a raised crest, possi-
bly marked by a longitudinal sulcus.

Interosseous membrane (Figure 14)

The insertion of the interosseous membrane is scored
superior to the mid-point of the shaft where one observes
a prominence called the »interosseous tubercle«. Often
visible are the areas corresponding to the insertions of
Weitbrecht’s ligament (»tail« or line of rugosity or raised
areas that extend superior to the interosseous crest to-
ward the bicipital tuberosity, sometimes even reaching
it) and the oblique ligament (obvious rugosity, or even a
longitudinal ridge, posterior to the interosseous crest).
The standard refers only to the development of the
interosseous tubercle.

1. a – slight impression: the interosseous tubercle can-
not be distinguished as an autonomous formation;
the surface is smooth or slightly irregular; b – low de-
velopment: the interosseous tubercle is slightly rais-
ed and the surface is smooth or slightly irregular; c –
medium development: the interosseous tubercle is
easily distinguished and the surface is irregular.
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Fig. 12. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the radial enthesis of m. biceps

brachii. Photos in the same frame show the same bone from dif-

ferent points of view. R – right bone, L – left bone.
Fig. 11. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the humeral enthesis of m.

brachioradialis. R – right bone, L – left bone.



2. high development: the interosseous tubercle is quite
evident and presents obvious markings (rugosity).

3. very high development: the interosseous tubercle is
very well developed; the margin can be swollen or, at
times, flattened. Strong rugosity may be present.

Ulna

M. triceps brachii (Figure 15)
1. a – slight impression: the posterior surface of the ole-

cranon is rounded and presents only a few markings,
generally in the form of longitudinal striae. b – low
development: in lateral view, the angle between the
posterior and superior surfaces of the olecranon tends
toward a right angle, and vertical striae are usually
present on the crest. c – medium development: the
posterior and superior surfaces of the olecranon form
a right angle, with evident muscle markings, gener-
ally in the form of longitudinal striae.

2. high development: the posterior and superior surfaces
of the olecranon meet to form a crest that is slightly
raised with respect to the superior surface of the ole-
cranon. Markings are visible on the crest, usually in
the form of longitudinal striae or small ridges.

3. very high development: the crest is raised and its sur-
face is rough, usually with small ridges or incipient
digitations. Often, true enthesophytes are present.

M. supinator (Figure 16)

The insertion site can be in the form of a crest or of a
tubercle, in both cases with a »tail« of rugosity or a little
crest directed in the posterior-inferior direction.

1. a – slight impression: the lateral margin of the ulna,
inferior to the radial notch, is only a little raised, but
has a smooth surface; b – low development: one can
identify a raised ridge inferior to the radial notch,
whose proximal part can present a small tubercle; the
surface is smooth; c – medium development: there is a
rugose ridge that, inferiorly, can meet the interosse-
ous crest or run posterior to it. The proximal part of
the ridge can present a tubercle with obvious mark-
ings (rugosity).

2. high development: raised and rugose crest, often mark-
edly prolonged inferiorly in the form of a »tail« that
runs posterior to the interosseous crest, with obvious
markings (rugosity). At times, the superior part of
the insertion forms a tubercle with strong rugosity.

3. very high development: a: rugose crest with a marked
tail of ridges inferiorly which can meet the interos-
seous crest or run parallel and posterior to it; b: very
well developed tubercle, with strong muscle markings
(rugosity) and possibly a »facet« on the apex; usually
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Fig. 14. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the radial enthesis of interosseous

crest (superior part). Photos in the same frame show the same

bone from different points of view. R – right bone, L – left bone.

Fig. 13. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the radial enthesis of m. pronator

teres. R – right bone, L – left bone.



a tail of muscle markings (small ridges, rugosity) ex-
tends downwards, posterior to the interosseous crest.

M. brachialis (Figure 17)

1. a – slight impression: the ulnar tuberosity is only ba-
rely appreciable and its surface is only slightly irregu-
lar; b – low development: the tuberosity is in the form
of an oval area, often slightly depressed at the centre;
c – medium development: idem, but a bit more raised
and rugose.

2. high development: the tuberosity presents well-de-
fined margins and is very rugose.

3. very high development: the tuberosity is very raised
and rugose, possibly with very elevated margins.

Femur

M. gluteus maximus (Figure 18)

The 3rd trochanter may be present in the form of a
round or oval tubercle, easily identifiable as an autono-
mous formation, whose surface can be smooth or rugose
(see figure of degree 1a); the present standard does not take
account of this trait, that can thus be present or absent in
each degree of development of the m. gluteus maximus.

The enthesis of m. gluteus maximus can also be ac-
companied by a hypotrochanteric fossa, that can be more
or less developed and whose surface can be more or less
rugose, depending on the degree of development of the
enthesis.
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Fig. 15. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the ulnar enthesis of m. triceps

brachii. Photos in the same frame show the same bone from dif-

ferent points of view. R – right bone, L – left bone.

Fig. 16. Photographic standard for the developmental degrees of robusticity (1a, 1b, 1c, 2, 3) of the ulnar enthesis of m. supinator. Photos

in the same frame show the same bone from different points of view. R – right bone, L – left bone.



1. a – slight impression: the insertion area is barely per-
ceptible to the touch and presents a smooth surface; b
– low development: the insertion area is easily distin-
guished and the surface is generally rather smooth; c
– medium development: the gluteal ridge is evident
and its surface is irregular or rugose.

2. high development: raised ridge with rough surface.

3. very high development: well-defined and very raised
ridge; there may be a deep and rugose fossa, with its
medial border forming a crest.

M. vastus medialis (superior part) (Figure 19)

1. a – slight impression: the surface is practically smooth,
even though an oblique line is perceptible to the touch;
b – low development: the insertion is marked by a ru-
gose, oblique line; c – medium development: the line
of insertion forms a continuous or discontinuous rid-
ge, not very raised.

2. high development: the line of insertion forms a raised
and/or rugose crest.

3. very high development: very raised and/or rugose crest.

M. iliopsoas (Figure 20)

1. a – slight impression: the lesser trochanter presents
rounded margins and the surface is smooth; b – low
development: the lesser trochanter presents rounded
margins (the medial one more sharply angled) and the
surface has weak markings, generally in the form of
transverse striae; c – medium development: the medial
margin of the lesser trochanter is sharply angled and
the markings (striae or rugosity) are evident.
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Fig. 18. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the femoral enthesis of m. gluteus

maximus. R – right bone, L – left bone.

Fig. 17. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the ulnar enthesis of m. brachialis.

R – right bone, L – left bone.

Fig. 19. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the femoral enthesis of m. vastus

medialis (superior part). R – right bone, L – left bone.



2. high development: the apex of the lesser trochanter
may be flattened and the surface presents transverse
striations; the medial margin is sharply angled, and
the muscle markings (rugosity) may extend down-
ward on the side of the lesser trochanter.

3. very high development: the medial margin is »lipped«
and the muscle markings (rugosity) can present an in-
ferior extension on the side of the trochanter towards
the femoral shaft. At times, the lesser trochanter may
be flattened or have a very flattened and rugose supe-
rior facet.

Patella

Quadriceps tendon (Figure 21)
1. a – slight impression: the anterior superior part of the

patella (in lateral view) is rounded and presents only
a few markings, generally in the form of longitudinal
striae. b – low development: the anterior superior
part of the patella presents more evident ligament
markings, in the form of rugosity or small ridges; c –
medium development: the same as 1b, but the ante-
rior superior margin of the patella is more sharply
angled.

2. high development: the anterior superior margin of
the patella is sharply angled and presents many
markings in the form of rugosity or small ridges.

3. very high development: the antero-superior margin
of the bone forms a crest whose surface is rough, usu-
ally with small ridges or incipient digitations. Often,
true enthesophytes are present. Sometimes there are
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Fig. 20. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the femoral enthesis of m. iliopsoas

(the medial part of the lesser trochanter is shown). R – right bone,

L – left bone.

Fig. 21. Photographic standard for the developmental degrees of robusticity (1a, 1b, 1c, 2, 3) of the patellar enthesis of quadriceps

tendon. Photos in the same frame show the same bone from different points of view. R – right bone, L – left bone.



also enthesophytes directed downward on the inferior
part of the bone, or, more rarely, the last occur alone.

In degrees 2 and 3, there may be a strong develop-
ment of the entire anterior surface of the patella, as a
kind of raised bony apposition.

Tibia

Quadriceps tendon (Figure 22)
1. a – slight impression: the tuberosity, consisting in a

smooth superior part and an inferior part usually
marked by longitudinal striae, does not interrupt the
continuity of the shaft; b – low development: the su-
perior part (smooth) of the tuberosity and the inferior
part (with the longitudinal striae) are separated by a
sulcus; c – medium development: the inferior part has
a rough surface and there may be a lateral swelling.

2. high development: a true crest is present at the proxi-
mal end of the inferior part of the tuberosity.

3. very high development: the tuberosity presents a true
crest, often running diagonally from the infero-lat-
eral to supero-medial part of the bone, with incipient
digitations. Often true enthesophytes are present.

M. soleus (Figure 23)

1. a – slight impression: the surface is practically smooth,
even though an oblique line is perceptible to the touch.
b – low development: the insertion is marked by a line
of rugosity; c – medium development: the line of inser-
tion is marked by obvious rugosity, or there is a slight
crest with smooth surface.
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Fig. 23. Photographic standard for the developmental degrees of robusticity (1a, 1b, 1c, 2, 3) of the tibial

enthesis of m. soleus. R – right bone, L – left bone.

Fig. 22. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the tibial enthesis of quadriceps

tendon. R – right bone, L – left bone.



2. high development: definite crest, possibly discontinu-
ous, but with obvious rugosity.

3. very high development: very raised and rugose crest.

Sometimes, the enthesis of m. soleus is in the form of
a »fossa« (Figure 23, degree 2), that can be more or less
developed and whose surface can be more or less rugose,
depending on the degree of development of the enthesis.

Calcaneus

Achilles tendon (Figure 24)
1. a – slight impression: the inferior half of the posterior

surface of the calcaneus protrudes only slightly with
respect to the superior half, and the resulting crest is
rounded, with only a few markings, generally in the
form of longitudinal striae. b – low development: idem,
but the longitudinal striae are more evident; c – me-
dium development: the crest is more developed and
some vertical ridges are present.

2. high development: the crest (in lateral view) is very
protruding and its surface presents vertical ridges.

3. very high development: very protruding crest, with rid-
ges or incipient digitations. Often true enthesophytes
are present.
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Fig. 24. Photographic standard for the developmental degrees of

robusticity (1a, 1b, 1c, 2, 3) of the calcaneal enthesis of Achilles

tendon. Photos in the same frame show the same bone from dif-

ferent points of view. R – right bone, L – left bone.
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APPENDIX 2
STANDARDISED DATA COLLECTION FORM FOR ENTHESIS ROBUSTICITY AND ENTHESOPATHIES

Specimen

Sex / age

M / F / NI YA/MA/OA/NI M / F / NI YA/MA/OA/NI M / F / NI YA/MA/OA/NI

Left Right Left Right Left Right

Rob EF OL Rob EF OL Rob EF OL Rob EF OL Rob EF OL Rob EF OL

SCAPULA

M. triceps brachii

CLAVICLE

Costoclavicular lig.

Conoid lig.

Trapezoid lig.

M. pectoralis major

M. deltoideus

HUMERUS

M. pectoralis major

M. lat.dorsii/teres major

M. deltoideus

M. brachioradialis

RADIUS

M. biceps brachii

M. pronator teres

Interosseous membrane

ULNA

M. triceps brachii

M. brachialis

M. supinator

FEMUR

M. gluteus maximus

M. iliopsoas

M. vastus medialis

PATELLA

Qudriceps tendon

TIBIA

Qudriceps tendon

M. soleus

CALCANEUS

Achilles tendon




