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Introduction:

Results

Why study entheses of the hand?

Enthesis development, sex, age and body size

• This poster investigates the development of entheses of

the upper limb, including the hand, in a skeletal sample
from Ban Non Wat, Thailand (n=66), in order to assess the
value of including entheses of the hands in studies of
activity.
• The hand is the primary interface between humans and
their external world, allowing for the manipulation of
materials and creation of objects in ways fundamental to
human subsistence and culture.
• Use of the hand is the end point of all other upper limb
movements; by excluding entheses of the hand from
studies of the upper limb we ignore perhaps the most
important aspect of upper limb activity.
• Muscles of the hand can be grouped by their importance
in strength grips, and in precision grips (Figures 1 and 2;
Long et al. 1970). While strength grips are utilised in a
number of activities, precision grips are more likely to be
utilised in activities requiring precise manipulation of
materials and greater levels of skill. The pattern of
precision vs. strength muscle development could allow
us to investigate the role of individuals in specialised vs.
general labour.
Muscles Active in
Power Grip

SEX: Figure 8 shows that across all age groups males have larger
mean robusticity scores than females. t tests indicate that this
difference is significant for young and mid adults, but not significant
for old adults (Table 1). The lack of significant difference between old
males and females is likely due to the small sample size for old
females.
AGE: Figure 8 also shows that younger individuals have much lower
mean robusticity scores than mid and old individuals; there is however
little difference between mid and old individuals. t tests show that
while the difference between young adults and mid adults is
significant, there is no significant difference between mid and old
adults (Table 2). Mid and old age groups are therefore combined in
further analyses.
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Age
Young
Mid
Old
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Examples of the range of variation in entheses of the hand
L

Figure 13. Metacarpal 3 extensor carpi radialis brevis

p
Male mean Female mean
1.102 (n=8) 0.833 0 (n =13)
0.027 4*
1.41 4 (n= 17) 1.16 3 (n= 12)
0.008 2**
1.425 (n=1 1) 1.249 (n= 5) 0.1127 (MW)

Sex
Young mean Mid mean
Male
1.102 (n=8) 1.414 (n=17)
Female 0.8330 (n=13) 1.163 (n=12)
Sex
Mid mean
Male 1.414 (n=17)
Female 1.163 (n=12)

Provide compression

R

Palmar

Dorsal

Dorsal
Adapted from Drake et al. 2008 Gray’s Atlas of Anatomy. Philadelphia: Churchill Livingstone, Elsevier: Inc.

Figure 2

Figure 1

Materials
•
•

Data was collected from 66 individuals from the site of Ban Non Wat,
Thailand (Figure 3), selected on the basis of completeness, and if age
and sex estimates were available (Figures 4 and 5).
This study investigated individuals from Thailand’s Neolithic and
Bronze Age, dating between 1650 and 420 BC (Higham and Higham
2009). For the purposes of the analysis presented here, burials from
these time periods have been combined.
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BODY SIZE: Figures 9 and 10 show that larger individuals have larger
mean robusticity scores. Mean robusticity scores for younger
individuals show a positive, but not significant, correlation with body
size. Mid/old adult mean robusticity scores show a positive and very
significant correlation with body size (Table 3).
• Sex also shows significant correlation with body size for both young
and mid/old adults (Table 3). This would suggest differences between
males and females in mean robusticity score are primarily related to
their difference in body size.
• Direct comparison of enthesis size between males and females would
therefore not produce meaningful results. Thus ranked means are
used here to assess relative enthesis development in males and
females.
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Table 3: Spearman's Correlation Coefficients and p Values for correlations with Body Size
Age

Methods

•
•
•
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Figure 10

Figure 5

Figure 3
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Sixty-three entheses were analysed in the upper limb
(Figures 6 and 7).
Each enthesis was seriated from least to strongest development.
Following Hawkey and Merbs (1995) and Mariotti et al. (2007)
entheses were scored for robusticity on a scale of zero (no
development) to three (strong development).
Data was collected from both the left and right sides. Where a score
was acquired from both sides, the larger of the two was taken.
t tests (or Mann Whitney tests where the sample was not normally
distributed) were used to analyse the significance of differences
between and within each age and sex group.
Spearman’s correlations were used to determine whether enthesis
development in this sample was dependent upon body size. Following
Weiss (2007) and Lieverse et al. (2009) aggregate humeral size was
used as a proxy for body size. Aggregate humeral size was
determined from the sum of maximum humeral length, humeral head
diameter and distal humeral breadth.
Mean robusticity scores for each enthesis were ranked for each sex in
order to assess differences in male and female enthesis development.
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Figure 15. Middle phalanx 3 lateral flexor digitorum superficialis

Mean Robusticity Score
r
p

Young (n=15)
Mid/old (n=23)

0.357
0.570

0.191
0.005**

Sex
r
0.698
0.729

• DIFFERENCES BETWEEN MALES AND FEMALES: Ban Non Wat
males show strong development of flexor, abductor and adductor
muscles of the thumb and the interosseous attachments of proximal
phalanges 2 and 3. Development of the finger flexors is moderate.
This pattern of muscle development suggests greater use of precision
grips, most notably pinch grips, over power grips.
• Ban Non Wat females show greater development of the extrinsic finger
and thumb flexors, and moderate development of the interossei and
adductor pollicis. This pattern suggests greater use of power grips
over precision grips.

p

Discussion:

0.004**
<0.001***

n = number of individuals
* significant; ** very significant; *** extremely significant

Analysis of entheses of the hands
•

Figures 11 and 12 illustrate the relative development of entheses of
the hand for males and females.
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The value of studying entheses of the hands

• This study has demonstrated that entheses of the hand show
sufficient variation in expression to be used in activity studies,
and that differences in activity between groups can be
identified through analysis of this variation. This study has
however also highlighted problems that concern all studies of
activity which assess entheseal change:
• Low levels of preservation may preclude analysis of certain
entheses. This is particularly important in the hand where
preservation and identification levels are often low.
• Consideration of body size is important for understanding the
differences in enthesis development between groups, and
may determine how enthesis data can be analysed.
• Consideration of attachment type is important when
assessing differences in enthesis development, as different
types of attachment may have different responses, or levels of
response, to stress.
• Ranking of mean scores highlighted differences in the use of
muscles of the hand between males and females, most likely
related to difference in activity between these two groups.
Further analysis is required before conclusions can be drawn
from these preliminary findings, however, it is clear that
consideration of entheses of the hand will provide a more in
depth understanding of past activity at Ban Non Wat.
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ENTHESES OF THE UPPER LIMB
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Figure 16. Distal phalanx 1 flexor pollicis longus

Figure 4
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Figure 14. Proximal phalanx 3 lateral dorsal interosseous
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n = number of individuals; MW = Mann Whitney test used
* significant; ** very significant; *** extremely significant

Adapted from Drake et al. 2008 Gray’s Atlas of Anatomy. Philadelphia: Churchill Livingstone, Elsevier: Inc.
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Table 2: t test results comparing mean
robusticity scores between age groups
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n = number of individuals; MW = Mann Whitney test used
* significant; ** very significant; *** extremely significant
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•

GENERAL PATTERNS: Entheses of the distal phalanges could not be
assessed due to the low level of preservation and identification of
these bones.
Muscles which attach primarily to the extensor aponeurosis (medial
interossei proximal phalanges 2 and 3; lateral interossei proximal
phalanges 4 and 5), or which have a large area of attachment
(interossei metacarpals 2 - 4) exhibit low enthesis development.
The remaining entheses of the hand exhibited distinct variation in
development. Some of these are illustrated below:

Table 1: t test results comparing male and female
mean robusticity scores within each age group
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Adapted from Drake et al. 2008 Gray’s Atlas of Anatomy. Philadelphia: Churchill Livingstone, Elsevier: Inc.
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