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Objective: Here we present the first known examples of brachydactyly from an Andean archaeological context by
describing the affected bones, presenting a differential diagnosis, and discussing the cultural implications of
there being shortened metapodials in multiple tombs.

Materials: 3232 well-preserved tubular bones representing an MNI of 250 human adults.

Methods: Each bone was visually inspected. Measurements were taken with an osteometric board, sliding cali-
pers, and a flexible tape measure.

Results: Of 1210 metapodials excavated from eight burial contexts, ten were atypically short.

Conclusions: The ten shortened elements represent an MNI of three individuals with brachydactyly from two
tombs. The presence of at least two individuals with brachydactyly in one tomb adds support to a previous
suggestion that tombs were used for familial interment. It is plausible that the third individual from a different
tomb was related to the other two, and the different burial contexts may reflect postmarital practices.
Significance: These cases offer insight into tomb use and underscore the importance of identifying rare devel-
opmental anomalies in the archaeological record as their presence may indicate genetic relationships within or
among archaeological cemeteries.

Limitations: With commingled contexts and incomplete recovery of skeletal remains, individualizing the bra-
chydactylous elements was not possible. There is also a lack of comparative data from other Andean sites.
Suggestions for Further Research: Identify more Andean cases of brachydactyly to learn if the relatively frequent
involvement of the first digit is more common among Andean skeletal samples than North American, or if it is
unique to Marcajirca.

1. Introduction variability in size of the various phalanges (especially in commingled

contexts). Therefore, it is less likely that brachydactyly would be iden-

Brachydactyly is a general term referring to the shortening of a
digital ray due to the hypoplasia or aplasia of one or more segments
(Stevenson, 2006). Single or multiple digits may be affected in an in-
dividual, and expression may be unilateral or bilateral, symmetric
(affecting the same digits on both sides) or asymmetric (affecting
different digits on each side). The condition may be acquired, arise as an
isolated trait, or be part of a syndrome. In the hands, the middle pha-
langes are most commonly affected (Bell, 1951). In an archaeological
sample however, it would be difficult to assess hypoplasia or aplasia of
phalanges due to incomplete recovery of these bones, and due to the
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tified through the phalanges, and more likely that hypoplasia of the
metacarpals (brachymetacarpia) and/or metatarsals (brachymetatarsia)
will be the form of brachydactyly that will be identified in paleo-
pathological contexts (Case, 1996; Cybulski, 1988). While any of the
metapodials may be affected, it is most often the fourth metacarpal and
metatarsal that are affected (Stevenson, 2006).

Clinically, brachymetacarpia and brachymetatarsia are considered
rare, in that fewer than 1/2000 individuals are affected (Temtamy and
Aglan, 2008; Temtamy and McKusick, 1978). Brachymetatarsia is less
common than brachymetacarpia, with a clinical incidence of 0.02 % to
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0.05 % (Mah et al., 1983; Urano and Kobayashi, 1978). Brachymeta-
tarsia is often bilateral (72 % of cases) with a strong prevalence for fe-
males (Schimizzi and Brage, 2004; Munuera Martinez et al., 2004; Urano
and Kobayashi, 1978). Since isolated brachymetacarpia and/or bra-
chymetatarsia is a heritable, rare, and easily observed developmental
anomaly, its presence may offer insight into genetic relationships within
or among burial populations (Case et al., 2017; Stojanowski and Schil-
laci, 2006; Alt and Vach, 1998). Further, since isolated brachydactyly is
conveyed by autosomal dominant inheritance, it should be observable in
multiple generations (Case, 1996).

Previously, two cases of Madelung’s Deformity and possible meso-
melic dwarfism (Léri-Weill dyschondrosteosis) from one Late Interme-
diate Period (ca. AD 1250) commingled tomb were reported from
Marcajirca, a highland site in Ancash, Peru (Fig. 1) (Titelbaum et al.,
2015). Since then, ten additional atypically short skeletal elements
representing a minimum number of three individuals (MNI) from two
additional commingled tombs have been discovered, all of which are
metapodials. Here we present the first examples of brachydactyly to be
described from an archaeological context in South America. In addition
to brachydactyly being rarely reported in the paleopathological litera-
ture, the presence of two individuals with heritable brachydactyly in one
tomb corroborates the previous suggestion that tombs were used for
familial interment (Titelbaum et al., 2015). It is possible the third in-
dividual from a different tomb may have been related to the other two,
and the different burial contexts may reflect postmarital practices. These
cases offer insight into tomb use, suggest the continued use of the site
over time by an extended kin group, and underscore the importance of
identifying rare developmental anomalies in the archaeological record.

2. Materials and methods
Human remains at Marcajirca have been found in accessible above-

ground walled tombs (chullpas) (n = 35), and subterranean burials
discovered beneath structure floors (n = 2), some of which have been

Fig. 1. Location of Marcajirca, Peru. Modified from Huhsunqu (2009).
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tested archaeologically. While human remains in chullpas were com-
mingled, the subterranean burials yielded a combination of individual
interments and commingled remains. In nearly all contexts, the human
remains were in overall excellent condition.

Radiocarbon dates place the occupation of Marcajirca between AD
1132-1648, a period that corresponds to the Late Intermediate Period
(AD 1000-1450) and the Late Horizon-to-Early Colonial transition (AD
1450—1650) (Ibarra Asencios, 2021). Chullpas tend to date within the
Late Intermediate Period (e.g., 865 + 20 BP, cal AD 1184-1267,
YU-4523, wood, Chullpa 7), whereas human remains from the subter-
ranean burials have yielded somewhat later dates that mark the Late
Intermediate Period to Late Horizon transition (e.g., 14C date of 485 +
15 BP, cal AD 1433-1459, UCI-185297, human phalanx, Structure 7)
(Ibarra Asencios, 2021).

Archaeological testing of six chullpas and the two subterranean
burials produced an MNI of 250 adults and 110 subadults, based on
counts of long bones and mandibles. Adult bones were identified as
those with complete epiphyseal fusion. Each excavated bone was visu-
ally inspected for bone formation or loss, abnormalities of shape and
size, trauma, developmental anomalies, and degenerative changes. Ob-
servations and measurements of long bones followed standard guide-
lines (Buikstra and Ubelaker, 1994). Radiography was not available at
the time of observation.

During the analysis of the skeletal remains, atypically short adult
metapodials were observed in two separate burial contexts: Chullpa 7
and Structure 7, a subterranean burial. No other adult tubular bones
from these two contexts and no other adult metapodials from the other
six burial contexts demonstrated unusual length (Table 1). Since the
affected elements were limited in distribution to Chullpa 7 and Structure
7, subsequent analysis focused on the remains from these contexts.
Because metapodial brachydactyly is typically the result of premature
fusion of an epiphysis, bones without complete epiphyseal closure were
excluded from subsequent analysis. Also omitted from further analysis
were the phalanges: since the majority of the remains were commingled
and incomplete, siding and numerically assigning the present phalanges
would have been a challenging endeavor (Cybulski, 1988).

Chullpa 7 yielded an MNI of 53 adults, based on the number of
recovered femora. Adult bones included 473 long bones, 107 meta-
carpals, and 108 metatarsals (Tables 1, 2 ). Long bones included 79
humeri (42 right, 37 left), 55 ulnae (29 right, 26 left), 65 radii (30 right,
35 left), 105 femora (53 right, 52 left), 89 tibiae (42 right, 47 left), and
80 fibulae (40 right, 40 left).

Structure 7 yielded an MNI of 22 adults, based on the number of
recovered mandibles. Adult remains included 172 long bones, 59
metacarpals, and 73 metatarsals (Tables 1,2). Long bones included 28
humeri (15 right, 13 left), 26 ulnae (13 right, 13 left), 29 radii (17 right,
12 left), 33 femora (18 right, 15 left), 27 tibiae (15 right, 12 left), and 29
fibulae (16 right, 13 left).

Measurements of the metapodials were taken with an osteometric
board, sliding calipers, and a flexible tape measure. Measured di-
mensions included maximum length, dorsal-palmar/plantar diameter of
the head and base, medial-lateral diameter of the head and base, and the
circumference at midshaft.

3. Results

Of the 1210 metapodials excavated from eight burial contexts at
Marcajirca, ten (0.83 %) were atypically short (Table 3). These ten
shortened elements were observed among the 347 metapodials recov-
ered from Chullpa 7 and Structure 7, and included one right first meta-
carpal, one left fifth metacarpal, four first metatarsals (three right, one
left), three fourth metatarsals (two right, one left), and one right fifth
metatarsal. These metapodials represent an MNI of three affected in-
dividuals (1.20 %) of the estimated MNI of 250 from the eight burial
contexts (Table 4). While these elements demonstrated shortness in
length, the measurements of their heads, bases, and midshaft
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Table 1
Adult tubular bones recovered from eight burial contexts at Marcajirca.
Long Bones Metacarpals Metatarsals Adult
Burial Context
R L R L ? R L ? MNI

Chullpa 6 104 107 56 45 0 46 54 1 20
Chullpa 7 236 237 60 40 7 60 40 8 53
Chullpa 8 99 101 12 12 0 21 13 0 30
Chullpa 13 137 116 31 26 5 39 42 1 39
Chullpa 14 125 106 20 27 13 26 22 1 25
Chullpa 26 147 137 43 33 0 65 70 0 27
Structure 7 94 78 26 31 2 30 29 14 22
Structure 10 99 929 46 30 9 19 31 4 34
Totals 1041 981 294 244 36 306 301 29 250

Key: R = right, L = left, ? = indeterminate.

Table 2

Adult metacarpals and metatarsals recovered from Chullpa 7 and Structure 7.
Burial MCl MC2 MC3 MC4 MC5 MC?
Context R L ? R L ? R L ? R L ? R L ? R L ?
Chullpa 7 7 8 0 14 7 0 12 8 0 5 2 0 17 7 0 5 8 7
Structure 7 9 5 0 4 5 0 4 9 0 3 5 0 6 7 0 0 0 2
Burial MT1 MT2 MT3 MT4 MT5 MT?
Context R L ? R L ? R L ? R L ? R L ? R L ?
Chullpa 7 9 7 2 11 7 0 12 4 0 11 7 1 7 10 1 1 5 4
Structure 7 5 6 0 6 0 6 0 9 8 0 6 0 0 0 14

Key: MC = metacarpal, MT = metatarsal, ? = indeterminate, R = right, L = left.

Table 3
Percentage of affected adult metapodials.
Burial Context Affected Total % Affected
Metapodials Metapodials
All eight burial 10 1210 0.83 %
contexts
Chullpa 7 4 215 1.86%
Structure 7 6 132 4.54%

Table 4
Percentage of the minimum number of affected adult individuals.

Burial Context Affected MNI Total MNI % Affected
All eight burial contexts 3 250 1.20 %
Chullpa 7 1 53 1.89 %
Structure 7 2 22 9.09 %

MNI = minimum number of individuals.

circumferences were similar to those of the other adult metapodials
(Table 5).

From Chullpa 7, four shortened metapodials were observed: one left
fifth metacarpal (Fig. 2), one right and one left first metatarsal (Fig. 3),
and one right fifth metatarsal (Fig. 4), representing an MNI of one in-
dividual with brachydactyly (1.89 %) from this tomb. No shortened long
bones of the upper or lower extremities were observed.

From Structure 7, six shortened metapodials were observed among
the commingled remains: one right first metacarpal (Fig. 5), two right
first metatarsals (Figs. 6,7), and one left and two right fourth metatarsals
(Figs. 8,9), representing an MNI of two brachydactylous individuals
(9.09 %) from this burial context. Although the head of the left fourth
metatarsal (MT4) was damaged on the dorsal aspect, the remaining
plantar portion demonstrated morphology similar to the heads of the
other shortened MT4s, with plantar elongation of the articular surface
and diffuse porosity (Fig. 9). While no shortened long bones of the ex-
tremities were observed among the remains of Structure 7, sympha-
langism of distal and intermediate foot phalanges was present, though
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the side, position, and association with an individual was indeterminate.

Table 5 presents measurements of the shortened metapodials
compared with the mean measurements of sided but unsexed non-
brachydactylous adult metacarpals and metatarsals. Due to the low
number of complete metapodials, measurements of metapodials from
multiple sepulchers were combined to achieve the mean averages. As
shown, all measurements of the shortened bones fall within the ranges
for the rest of the population’s metapodials with the exception of length:
for nearly all of the shortened bones, the lengths ranged 5—20 mm
shorter than the averaged population measurements. The shortened
metacarpals measured 5—16 mm (12.3-34 %) shorter than average, and
the shortened metatarsals measured 9—20 mm (9.8-33.12 %) shorter.
The one exception was a right first metatarsal from Structure 7, that
measured 50 mm in length, while the range was 48—67 mm. Although
this bone’s length was found to measure 2 mm longer than the low end
of the range, it was considered to be shortened due to its overall
morphology, including the proportionately and absolutely large di-
mensions of the head, base, and midshaft circumference (Table 5,
Fig. 7).

Independent-samples two tailed t-tests were conducted, to A)
compare the measurements of the grouped short first metatarsals with
the measurements of the average length first metatarsals, and B)
compare the lengths of the grouped short fourth metatarsals with those
of the average fourth metatarsals. The results found:

A) There was a statistically significant difference in the length of the
short first metatarsals (M = 44.5, SD = 3.87) and average first
metatarsals (M = 55.39, SD = 4.3); t (43) = 4.87, p = 0.000016.
These results suggest that the short first metatarsals are signifi-
cantly shorter than those of average length.

There was a statistically significant difference in the length of the
short fourth metatarsals (M = 49.67, SD = 3.51) and average
fourth metatarsals (M = 61.84, SD = 4.66); t (33) = 4.39, p =
0.00011. These results suggest that the short fourth metatarsals
are significantly shorter than those of average length.

B

—
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Measurements of the short metacarpals and metatarsals recovered from Chullpa 7 and Structure 7, compared with the mean measurements of sided but unsexed non-

brachydactylous elements. Measurements in millimeters.

Bone Max Length Head DP Head ML Base DP Base ML MS Circumf
1st Metacarpal

Structure 7, Right 35* 13.5 14 15 18 34

Adult average 39.9 (n=14) 114 (n=14) 139 (n=14) 13.2(n=14) 13.7 (n=13) 283 (n=14)
Adult Range 37—-46 10-13.5 12.5-16 12-15 12-15 22-35

5th Metacarpal

Chullpa 7, Left 31* 12.5 12.5 10.5 13.5 22,5

Adult average 47 (n =11) 10.8 (n =10) 10.7 (n =11) 10.6 (n = 10) 11.8 (n=11) 20.4 (n=11)
Adult Range 43-52 10-12 9-12.5 9-15 10-14 18-23

1st Metatarsal

Chullpa 7, Left 44* 17 20 23 21 40

Chullpa 7, Right 41* 15 19 25 20 45

Structure 7, Right 50 22 21 29 22 47

Structure 7, Right 43* 18 n/a 24 16 41

Adult average 55.4 (n = 41) 19.2 (n = 40) 20.4 (n=39) 25.1 (n = 40) 18.9 (n = 38) 419 (n =41)
Adult Range 48-67 16—24 16.5-25 17-30 15-22 33-50

4th Metatarsal

Structure 7, Left 50* 14 9 16 12 26

Structure 7, Right 46" 16 10 15 14 30

Structure 7, Right 53* 17 11 17 12 26

Adult average 61.8 (n = 32) 13.2 (n = 30) 9.5 (n = 30) 16.7 (n = 31) 11 (n = 32) 26.1 (n =32)
Adult Range 55-73 11-16 8-12 14-21 9-14 21-37

5th Metatarsal

Chullpa 7, Right 41+ 11 11 13 18 24

Adult average 61.3 (n=16) 12.7 (n = 15) 10.3 (n = 15) 13.6 (n=16) 18.9 (n=16) 27.3(n=16)
Adult Range 54-68 10-15 8-13 11-17 16-23 24-30

Key: Max = maximum; DP = dorsal palmar/plantar; ML = medial-lateral; MS Circumf = midshaft circumference.

" = measurement is below that of the adult average and range.

Fig. 2. Chullpa 7, shortened left fifth metacarpal pictured with a non-
brachydactylous adult right fifth metacarpal for comparison. Dorsal view.

4. Differential diagnosis

Brachydactyly is the shortening of the digital rays of the hands and/
or feet due to hypoplasia or aplasia of metacarpals, metatarsals, and/or
phalanges. Clinically, there is a wide range of presentation, and the
condition may be classified into various types, based on what combi-
nation of bones are affected. Most cases appear along genetic lines,
occurring as isolated cases or associated with a variety of syndromes
(Poznanski et al., 1977; Temtamy and McKusick, 1978), though it may
arise following trauma. Even when brachydactyly appears along genetic
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lines, there is interfamilial variability in the digits affected (Bell, 1951;
Brailsford, 1945). In the present differential diagnosis, systemic bone
growth disorders such as achondroplasia and multiple epiphyseal
dysplasia are considered unlikely, since shortened long bones of the
extremities were not observed among the skeletal remains of the two
sepulchers.

4.1. Brachydactyly typology

Brachydactyly has been categorized into types based on the main
digital ray or the portion of a ray that is affected. The earliest and most
commonly used classification of the nonsyndromic brachydactylies was
devised by Bell (1951), after examining 124 pedigrees consisting of
1336 individuals. Bell (1951) discerned five types of brachydactyly
(A-E), and this typology was later modified by Temtamy and McKusick
(1978) and Fitch (1979) (Table 6). It should be noted that many of these
typologies present challenges in an archaeological context, since the full
complement of hand and foot bones are not consistently recovered.
Overall brachydactyly is clinically rare, with the exception of Bell’s Type
A3 and D (see below), which have a prevalence of around 2% (Temtamy
and Aglan, 2008; Temtamy and McKusick, 1978). Fitch (1979) noted
that symphalangism may be found with brachydactyly types A, B, C, and
E.

The hallmark of Bell’s Type A1 is hypoplasia of the middle phalanges
in digits two through five of the hands or feet, though the proximal
phalanges of the hallux and pollex may also be affected (Bell, 1951).
This presentation may be accompanied by shortening of the metacarpals
or metatarsals of digits four and five, and findings are typically bilateral
(Stevenson, 2006). Individuals with Type Al tend to demonstrate short
stature (Bell, 1951; Stevenson, 2006). Type A2 differs from Al in that
shortening is confined to the middle phalanx of the second digits, and in
Type A3, it is the middle phalanx of only the fifth digits that are
shortened.

Bell’s Type B is often an isolated finding, characterized by hypo-
plastic or aplastic distal phalanges and nails, in addition to shortened
middle phalanges (Bell, 1951). The number of digits affected is variable,
but exclude the pollex and hallux.
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Fig. 4. Chullpa 7, shortened right fifth metatarsal pictured with a non-
brachydactylous adult right fifth metatarsal for comparison. Dorsal view.

With Bell’s Type C, the fourth digit is either normal or relatively
long, whereas digits two and three are usually short. The most charac-
teristic shortening seen with this type is that of the second and third
middle phalanges, and the proximal phalanges may be affected by
hypersegmentation and fusion (Bell, 1951). Fitch (1979) added to this
description, noting that the middle phalanx of digit five and metacarpals
may also be affected. Reports indicate that individuals with Type C may
demonstrate additional abnormalities, including short stature, hip dis-
ease, short and abnormally shaped ulnae, radial hypoplasia, and
Madelung’s deformity among others (Fitch, 1979:41).

The typical presentation of Bell’s Type D is a short broad distal
phalanx of the thumb, while the rest of the hand is normal (Bell, 1951).
This presentation has also been referred to as “Stub Thumb” or “Mur-
derer’s Thumb”, the latter name bequeathed by practitioners of palm-
istry at the turn of the 20th century (Poznanski et al., 1977; Stevenson,
2006; Benham, 1901:171). The shortening may be unilateral or bilat-
eral, and the hallux may also be affected.
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Fig. 5. Structure 7, shortened right first metacarpal. Dorsal view.

Bell’s Type E (BDE) can also be referred to as brachymetacarpia or
brachymetatarsia, as this form of brachydactyly consists of shortened
metacarpals and/or metatarsals (Bell, 1951). Findings are often asym-
metric, and there may also be involvement of the phalanges (Stevenson,
2006; Pareda et al., 2013; Herzog 1968). BDE can arise secondary to
trauma that occurs prior to normal epiphyseal fusion, be isolated as an
autosomal dominant trait with variable expression, or be associated
with a number of more complex syndromes, including Albright heredi-
tary osteodystrophy, acrodysostosis, and Turner syndrome. While any of
the digits may be affected, the fourth and fifth metacarpals and meta-
tarsals are most commonly affected, and individuals may demonstrate
short stature (Stevenson, 2006). The population frequency of BDE is
unknown, but it is rare as an isolated anomaly (Temtamy and Aglan,
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Fig. 6. Structure 7, shortened right first metatarsals pictured with a non-
brachydactylous adult right first metatarsal for comparison. Dorsal view.

Fig. 7. Structure 7, shortened right first metatarsal pictured with a non-
brachydactylous adult right first metatarsal for comparison. Lateral view.

2008).

Unfortunately, without complete sets of phalanges, it is impossible to
know if there are multiple types of brachydactyly represented by the
remains at Marcajirca. However, given that the observed shortened
bones consisted of metacarpals and metatarsals, and given the overall
rarity of brachydactyly, the parsimonious suggestion is that rather than
there being multiple types of brachydactyly, the shortened elements can
be categorized as BDE. The question becomes whether the BDE was
acquired, isolated, or associated with a syndrome.

4.2. Acquired BDE

Trauma, infection, or infarction may affect an individual’s digit
during growth and development. For trauma or infection to affect a
metapodial such that it achieves adult proportions in dimensions other
than length, the injury would have had to affect the epiphyseal cartilage,
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leading to premature fusion (Arslan, 2001; Cybulski, 1988:368). Trauma
to the epiphyseal cartilage would likely displace the epiphysis relative to
the metaphysis, which should be observable in skeletal remains (Case,
1996). This type of injury tends to be unilateral and isolated. While it is
plausible that traumatic brachydactyly may occur in a single individual
in a series, it seems less likely for it to occur among multiple individuals
in two burial contexts, especially if there is a possibility of bilateral
presentation. Further, other than their apparent size difference, the
shortened elements at Marcajirca demonstrate no other macroscopic
evidence of a healed fracture or infection, such as abnormalities of
shape, remodeling, traumatic arthritis, or joint fusion (Buikstra and
Ubelaker, 1994).

Brachydactyly may also arise due to metaphyseal infarction that
leads to osteonecrosis in the metadiaphyseal region and premature
fusion of the epiphyses (Bosch et al., 2011). However, metaphyseal
infarction is most commonly associated with sickle cell disease, which
did not affect prehistoric Andean populations (Greenfield, 1980).

4.3. Isolated BDE

BDE may arise as a heritable isolated condition, not associated with a
syndrome. While isolated BDE with normal stature has been attributed
to a heterozygous mutation in the homeobox D13 gene (HOXD13), iso-
lated BDE with short stature has been attributed to a mutation in the
parathyroid hormone-like hormone gene (PTHLH) (OMIM, 2020; Ge-
netic and Rare Diseases Information Center (GARD, 2018a; Pareda et al.,
2013). Both forms are autosomal dominant with variable expressivity.
Though phenotypic expression is variable, with wide intrafamilial
variation, shortened fourth metatarsals are most frequently seen (Pareda
et al., 2013; Johnson et al., 2003; Holt, 1975; Bell, 1951; Brailsford,
1945).

4.4. Syndromic BDE

Brachydactyly may occur with numerous familial multiple malfor-
mation syndromes. The syndromes most commonly associated with
brachydactyly include Albright’s hereditary osteodystrophy, acrody-
sostosis, and Turner syndrome. However, there are challenges involved
in identifying and differentiating among these syndromes both in clin-
ical contexts and in paleopathology: the degree of involvement of bra-
chydactyly in each syndrome is variable with variable presentation, the
syndromes often involve other nonspecific skeletal changes (e.g. dental
crowding), the syndromes usually involve soft tissue/organ changes that
are not preserved archaeologically, and some of the syndromes involve
variations in hormone levels that cannot be assessed from skeletal
remains.

4.4.1. Albright’s hereditary osteodystrophy (AHO)

AHO is a rare heritable disorder characterized by a set of clinical
features that include short stature, obesity, round face, subcutaneous
ossifications, cone shaped epiphyses, and skeletal anomalies (Genetic
and Rare Diseases Information Center (GARD, 2018b; OMIM, 2016a;
Pareda et al., 2013; Poznanski et al., 1977). Brachydactyly is a typical
feature of AHO, with involvement of the first distal phalanx and the
third, fourth, and fifth metacarpals, and often with asymmetrical pre-
sentation (Poznanski et al., 1977).

AHO is the phenotype for pseudohypoparathyroidism (PHP), a group
of several related genetic disorders where there is end-organ resistance
to parathyroid hormone and multiple hormone resistance (Poznanski
et al., 1977). PHP results from mutations in several genes, including the
GNAS locus on the maternal allele (OMIM, 2016a; Genetic and Rare
Diseases Information Center (GARD, 2016a). Among individuals with
PHP, 70-78 % demonstrate brachydactyly, though presentation is var-
iable (Pareda et al., 2013). When the mutation is inherited on the
paternal allele, an individual will have the clinical features of AHO, but
without hormone resistance, which is referred to as
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Fig. 8. Structure 7, shortened left (second from left) and two right fourth metatarsals pictured with a non-brachydactylous adult left fourth metatarsal for com-

parison. Dorsal view.

Fig. 9. Structure 7, shortened right and left fourth metatarsals. Lateral views.

pseudopseudohypoparathyroidism (PPHP) (OMIM, 2016b; Genetic and
Rare Diseases Information Center (GARD, 2016b; Pareda et al., 2013).
With PPHP the fourth metacarpal is frequently shortened, though all
metacarpals and metatarsals may be affected (OMIM, 2016b). Both PHP
and PPHP are autosomal dominant.

Poznanski et al. (1977) examined radiographs of the hands of in-
dividuals with PHP, PPHP and BDE to determine if there were differ-
entiable morphological features among the conditions. They found that
the presentation of individuals with PHP and PHPP were nearly iden-
tical, and radiographically indistinguishable from individuals with BDE.
Since the skeletal pattern of BDE is not informative on its own, to
differentiate among the various conditions it would be necessary to
perform biochemical analyses (Pareda et al., 2013; Poznanski et al.,
1977).
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Table 6
Bell (1951) classification of brachydactyly with the Fitch (1979) classification.
After Stevenson (2006:968).

Type A: Brachymesophalangy: shortening is confined mainly to the middle
phalanges
Type A-1: Brachymesophalangy II-V: brachybasophalangy I (Fitch type 9)
Type A-2: Brachymesophalangy II (Fitch type 2)
Type A-3: Brachymesophalangy V (Fitch type 3)
Type B: the middle and distal phalanges are short or absent
Aplasia distal phalanges, II-V
Hypoplasia middle phalanges, II-V
Broad, bifid distal phalanges, I (Fitch type 8)
Type C: the middle and proximal phalanges of digits 2 and 3 are affected
Brachymesophalangy II, III
Hypersegmentation, proximal phalanges II, III (Fitch type 11)
Type D: the distal phalanx of digit 1 is affected
Short, broad distal phalanx (Fitch type 1)
Type E: one or more of the metacarpals or metatarsals are affected
Brachymetacarpia
Brachymetatarsia
Fitch type 4: Brachymetacarpia II
Fitch type 5: Brachymetacarpia IV
Fitch type 6: Brachymetatarsia IV
Fitch type 7: Brachymetacarpia IV; brachymetatarsia IV
Fitch type 10: Short stature, brachymetacarpia, brachytelephalangy

4.4.2. Acrodysostosis (with or without multihormonal resistance)
Acrodysostosis is a rare skeletal dysplasia caused by heterozygous
mutation in the PRKARIA gene (OMIM, 2016c¢). Phenotypically, it is
characterized by severe generalized shortening of the metacarpals and
metatarsals of digits 2-5, cone shaped epiphyses, short stature, spinal
stenosis, craniofacial anomalies such as maxillary hypoplasia and nasal
hypoplasia, and individuals with acrodysostosis often have intellectual
disabilities (OMIM, 2016c; Genetic and Rare Diseases Information
Center (GARD, 2016c¢; Pareda et al., 2013; Poznanski et al., 1977). Digit
1 tends to be less frequently affected (Pareda et al., 2013). While AHO
and acrodysostosis demonstrate some similarities, overall hand size with
acrodysostosis is smaller with more marked shortening of the
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metacarpals, and the two can be distinguished at the genetic level
(Poznanski et al., 1977). Given the overall rarity of acrodysostosis,
combined with the relatively high frequency of digit 1 being affected at
Marcajirca (5/10), it is less likely that this syndrome accounts for BDE at
Marcajirca.

4.4.3. Turner syndrome (TS)

TS is a chromosomal disorder affecting females, where one sex
chromosome is normal, and the other is missing or structurally altered.
While patient presentation depends on the portion of the chromosome
that is missing, individuals with TS tend to have short stature, gonadal
dysgenesis, primary amenorrhea, and skeletal changes such as scoliosis,
micrognathia, and brachydactyly (Genetic and Rare Diseases Informa-
tion Center (GARD, 2016d; Pareda et al., 2013). When brachydactyly
occurs, it most commonly involves digit four, though the third and fifth
metacarpals may also be affected (Poznanski et al., 1977). Since most
females affected by TS are infertile, most cases of TS are not inherited
(Genetic and Rare Diseases Information Center (GARD, 2016d). At
Marcajirca, the shortened metapodials represent at least 3 cases from
two burial contexts, which suggests the brachydactyly was inherited.
Therefore, TS can likely be removed from the differential diagnosis.

4.5. BDE at Marcajirca

The shortened metapodials recovered at Marcajirca represent at least
3 cases of brachydactyly from two burial contexts, which suggests the
condition was inherited. Therefore, acquired brachydactyly and TS can
likely be removed from the differential diagnosis. Acrodysostosis and
isolated BDE with short stature can also probably be ruled out, as bra-
chydactyly involved digit 1 in 5/10 instances, and none of the long
bones were appreciably short or stocky. Possible diagnoses could be
isolated BDE with normal stature, or PHP/PPHP; however, without
biochemical analysis, it would be challenging to differentiate between
these conditions from skeletal findings. Therefore, while a syndromic
cause cannot be ruled out, the more conservative suggestion is that the
cases be considered isolated BDE, conveyed through autosomal domi-
nant inheritance with variable expressivity.

5. Discussion

Brachydactyly was the first human developmental anomaly recog-
nized as an example of Mendelian inheritance, by anthropologist Wil-
liam Curtis Farabee in his dissertation from Harvard (Farabee, 1903).
Nevertheless, paleopathological reports about brachydactyly have been
infrequent. In some instances, they are embedded within the de-
scriptions of syndromes. For example, Kozieradzka-Ogunmakin (2011)
presented a case of multiple ephiphyseal dysplasia in a possible male Old
Kingdom Egyptian skeleton. Among the numerous skeletal findings were
a short and angled fourth left metacarpal and fourth left metatarsal (the
right sided elements were absent).

Other reports briefly mention sporadic or isolated cases as part of
general paleopathological analyses. In the New World, brachydactyly
has been reported from Canada, the United States, and Mexico (see
Table 7). While the majority of examples (58.8 %) involve the fourth
metatarsal (Barnes, 1994; Loveland and Gregg, 1988; Pokotylo et al.,
1987; Merbs and Vestergaard, 1985; Reed, 1981), a brachydactylous
first metacarpal was seen at Fairty, an Iroquois ossuary in Ontario,
Canada (Anderson, 1963), a shortened fourth metacarpal was pictured
from La Playa, Mexico (Barnes, 2012), a shortened first metatarsal was
noted in an individual from Pueblo de Las Humanas in Gran Quivira
National Monument, New Mexico (Reed, 1981), and unilateral short-
ening of the right fifth metatarsal was observed in a female from Pueblo
Bonito, New Mexico (NMNH 327071) (Barnes, 2012). This latter indi-
vidual also demonstrated additional developmental anomalies,
including bilateral os intermetatarseum.

Several paleopathological reports discuss brachydactyly as the
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primary focus. Loveland and Gregg (1988) presented a single case of
brachymetatarsia from the Kaufman-Williams site in Texas. The affected
bone was the right fourth metatarsal of a young adult male that
measured 11 mm shorter than the contralateral bone, though both bones
demonstrated the same circumference. The authors suggested that while
this was the only example of brachydactyly observed, it reflected
autosomal dominant inheritance, and either there were other examples
that were not yet recovered, or the individual did not pass the trait.

Cybulski (1988) described an MNI of ten individuals with brachy-
dactyly from four sites on the north mainland coast of British Columbia.
These cases were observed in eight skeletons and isolated remains.
Metatarsals were more commonly affected than metacarpals, right-sided
elements were more often affected than the left, and bilateral involve-
ment was observed in at least three individuals. While the most
frequently affected bone was the fourth metatarsal (n = 8, MNI = 6), also
shortened were first metatarsals (n = 3), and first (n = 2), fourth (n = 2),
and fifth (n = 1) metacarpals (Cybulski, 1988:366). For the bones where
an unaffected contralateral side was present in the same individual, the
shortened metacarpals were 6—13 mm shorter and the shortened
metatarsals were 10—11 mm shorter. No additional skeletal changes or
pathology suggested syndromic conditions. Cybulski (1988) therefore
suggested that the incidents reflect an isolated inherited trait likely
involving autosomal dominance with incomplete penetrance, and raised
the possibility of genetic connections between the sites.

Case (1996) examined the protohistoric Mobridge and Sully skeletal
collections from South Dakota for developmental anomalies of the hands
and feet and identified six individuals with brachydactyly. Similar to
Cybulski’s (1988) findings, Case (1996) found that metatarsals were
more commonly affected than the metacarpals, and the fourth meta-
tarsal was the most commonly affected bone.

More recently, Giuffra et al. (2014) described a case of brachyme-
tatarsia from a Medieval context in Sardinia. The affected individual was
a middle adult female with bilateral shortening of the fourth metatarsal
and symphalangism of the distal interphalangeal joint of the left fifth
toe. The affected metatarsals measured approximately 20 mm shorter
than the rest of the population. Since the condition was present bilat-
erally, the authors ruled out an acquired etiology, but were unable to
determine if it was an isolated or syndromic condition.

Compared with the previous reports, the examples from Marcajirca
show some similarities. Metatarsals were more commonly affected than
metacarpals (8:4), right-sided elements were more often affected than
the left (7:3), and the affected bones measured 5—20 mm (9.8-33.1 %)
shorter than the average bone lengths. Additionally, there were no ex-
amples of brachymetacarpia or brachymetatarsia of digits two and three.
However, while the fourth metatarsal was most commonly affected in
other investigations, at Marcajirca the most commonly affected bone
was the first metatarsal (n = 4; MNI = 3) followed by the fourth (n = 3;
MNI = 2). Unfortunately, the remains were from commingled contexts,
so it was not possible to see the full pattern of brachydactyly, determine
the sex of the individuals, or investigate if brachydactyly co-occurred
with other developmental anomalies.

In the cases described above and at Marcajirca, the affected in-
dividuals may have cosmetically presented with brachydactyly. In most
cases, the individuals would have experienced no functional deficits
(Suresh et al., 2009; Harris and Beath, 1949). It is possible however, that
hand function could have been affected with either a shortened pollex,
with deficits in pinch function during grasping, or shortened digits four
and five, with loss in grip strength (Arslan, 2001; Suresh et al., 2009). It
is also possible that brachymetatarsia could have been associated with
pain (e.g., from transfer lesions or callus formation) and deformity,
including claw toe or cock-up toe where there is dorsiflexion of the
metatarsophalangeal joint and flexion of the interphalangeal joints of
the affected digit (Schimizzi and Brage, 2004; Munuera Martinez et al.,
2004; Arslan, 2001). While the individuals at Marcajirca may have
demonstrated minor physical differences, particularly with brachyme-
tatarsia of digit four, there is no reason to believe they suffered social
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Table 7
New World cases of brachydactyly.

Case Site Location Time Period Sex Side Reference
Unknown Fairty Ossuary Ontario, Canada (protohistoric) ? ? Anderson, 1963
Burial 6 Cache Creek British Columbia, Canada 1330 +/- 260 BP F L/R Pokotylo et al., 1987
Burial 303 Parizeau British Columbia, Canada 1500 BC-AD 500 F R Cybulski, 1988
Burial 345 Boardwalk British Columbia, Canada 1500 BC-AD 500 F R Cybulski, 1988
Burial 372 Boardwalk British Columbia, Canada 1500 BC-AD 500 M L Cybulski, 1988
Burial 397 Boardwalk British Columbia, Canada 1500 BC-AD 500 M L/R Cybulski, 1988
Burial 455 Lachane British Columbia, Canada 1500 BC-AD 500 M L/R Cybulski, 1988
Burial 457 Lachane British Columbia, Canada 1500 BC-AD 500 M? R Cybulski, 1988
Burial 505 Baldwin British Columbia, Canada 1500 BC-AD 500 M R Cybulski, 1988
Burial 516 Baldwin British Columbia, Canada 1500 BC-AD 500 F R/L Cybulski, 1988
Isolated 353 Boardwalk British Columbia, Canada 1500 BC-AD 500 ? R Cybulski, 1988
Isolated 812 Baldwin British Columbia, Canada 1500 BC-AD 500 ? L Cybulski, 1988
Isolated 853 Baldwin British Columbia, Canada 1500 BC-AD 500 ? R Cybulski, 1988
Burial 6 Inscription House Arizona, USA AD 1050-1300 ? L Reed, 1981
1514-19 Sundown Arizona, USA AD 1100-1200 F L/R Merbs and Vestergaard, 1985
FS-4518 Las Humanas New Mexico, USA AD 1545-1672 F? L? Reed, 1981
Room 329 Pueblo Bonito New Mexico, USA AD 850-1150 ? L Barnes, 1994
NMNH 327,071 Pueblo Bonito New Mexico, USA AD 850-1150 F R Barnes, 2012
NMNH 383,150 Mobridge South Dakota, USA AD 1700-1830 F R Case, 1996
NMNH 383,040 Mobridge South Dakota, USA AD 1700-1830 M R Case, 1996
NMNH 382,896 Mobridge South Dakota, USA AD 1700-1830 ? L/R Case, 1996
NMNH 383,097 Mobridge South Dakota, USA AD 1700-1830 ? L Case, 1996
NMNH 381,400 Sully South Dakota, USA AD 1600-1750 M L Case, 1996
NMNH 381,428 Sully South Dakota, USA AD 1600—-1750 F L Case, 1996
Burial 30 Kaufman-Williams Texas, USA AD 1650—-1700 M R 1 Loveland and Gregg, 1988

M=8 L=16 3 0 0 2 2 5 0 1 20 1
TOTAL F=9 R=17

?2=8 ?2=1
Chullpa 7 Marcajirca Ancash, Peru AD 1075-1450 ? R 1 1
Chullpa 7 Marcajirca Ancash, Peru AD 1075-1450 ? L 1
Structure 7 Marcajirca Ancash, Peru AD 1450-1650 ? R 1 2 2
Structure 7 Marcajirca Ancash, Peru AD 1450-1650 ? L 1 1
TOTAL ?=10 E: ; 1 0 0 0 1 4 0 0 3 1

Key: MC = metacarpal, MT = metatarsal, M = male, F = female, L = left, R = right, ? = indeterminate.

LST-9%I (1207) £€ £30joyndoa)pd fo [puimor [pUoHDUII]
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disadvantage, as they were given normative burial treatment, testifying
to their membership in the community.

Importantly, the presence of a minimum of three individuals with an
uncommon heritable condition in two sepulchers offers insight into
tomb use during the Late Intermediate Period-to-Late Horizon transition
in the northern highlands of Peru. While it may seem logical to suggest
that tombs were used by kin groups or individuals with shared ethnic
identity, such suggestions tend to be based on Colonial records and
ethnographic analogy, and less frequently on the human remains. In one
study however, Baca et al. (2012), analyzed the DNA of 41 individuals
from six chullpas at the Late Horizon site Tompullo 2 in Arequipa, Peru to
determine if tombs served as family graves. The results suggested that
each tomb contained members of a single patrilineal family group. In
another study, Velasco (Velasco, 2018) found that Late Intermediate
period chullpas in Colca Valley, Peru contained phenotypically similar
individuals through biodistance analysis of cranial nonmetric traits.

While consanguinity at Marcajirca cannot be determined without
DNA assessments, it is likely the individuals with brachydactyly were
related. Two cases of an uncommon heritable developmental anomaly
from one tomb is highly suggestive that genetic relationship was a factor
that influenced mortuary practices at Marcajirca. How the individuals
were related is not clear, though it is likely that they belonged to the
same familial group. That brachydactyly was also observed in at least
one other individual from Chullpa 7 suggests that this individual had
genetic ties to the others, and the difference in interment may be
reflective of postmarital residence practices. And since Chullpa 7's
radiocarbon date precedes those of the human remains from Structure 7,
the cases of brachydactyly may also suggest that there was continued use
of the site over time by an extended kin group.

5.1. The clinical and paleopathological rarity of brachydactyly

As a final consideration, how does the observed frequency of bra-
chydactyly contribute to an understanding of rare conditions? While the
clinical literature considers BDE to be a rare condition in that it affects
fewer than 0.05 %, with brachymetatarsia being less common than
brachymetacarpia (Temtamy and Aglan, 2008; Urano and Kobayashi,
1978; Mah et al., 1983), the minimum incidence of brachydactyly at
Marcajirca is 1.2 % based on the MNI of eight burial contexts, with
brachymetatarsia (1.2 %) slightly more frequent than brachymetacarpia
(0.80 %). If specific burial contexts are considered, the frequency of
brachydactyly rises to 1.89 % for Chullpa 7 and 9.09 % for Structure 7.
On the one hand, these frequencies support the suggestion that the
brachydactylous individuals were related, especially those from Struc-
ture 7. On the other hand, they raise the possibility that brachydactyly,
though uncommon, may not be as rare paleopathologically as it seems to
be in the clinical literature.

As described, paleopathological reports concerning isolated bra-
chydactyly are few, which may underscore the overall rarity of the
condition. However, the infrequent reports may also be associated with
underreporting due to sampling bias, resulting from incomplete recov-
ery, commingling, or taphonomic damage that make brachydactyly
more challenging to identify (Burnett, 2005). That said, when brachy-
dactyly is reported, archaeological frequencies tend to be higher than
those reported in the clinical literature (e.g., Cybulski, 1988; Case et al.,
2017). This higher frequency may be due to the genetic relatedness
among the paleopathological sample; indeed, small population sizes and
factors of endogamy may lead to higher frequencies of rare heritable
traits, especially if it is a kin group that is represented in a burial context
(Case et al., 2017; Cybulski, 1988).

Among modern populations, it is possible that brachydactyly is more
common than reported in the clinical literature. Part of the reason it may
be underreported may also have to do with sampling bias in that a
clinician is generally limited to observing individuals that seek medical
attention. Secondly, most brachydactyly research has focused on the
hand rather than the foot (Cybulski, 1988). Third, brachydactyly may be
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subtle, and may not be identified during visual inspection. Indeed, it is
not uncommon for brachydactyly to be found incidentally during clin-
ical consult for a different reason (e.g., Suresh et al., 2009).

Further, how brachydactyly is diagnosed may affect clinical fre-
quencies. For feet, brachymetatarsia is diagnosed radiographically when
one metatarsal head is > 5 mm proximal to the parabolic arc of the other
metatarsal heads (Bartolomei, 1990). For hands, brachymetacarpia of
the fourth metacarpal may be diagnosed through a positive ‘metacarpal
sign’, originally identified by placing a pencil on the heads of the fourth
and fifth metacarpals on the back of a closed fist: in affected patients, the
pencil would intersect the head of the third metacarpal, indicating that
the fourth was short (Archibald et al., 1959). While this method was
improved with radiography, it was found to give false positives, it was
unable to detect shortening when all metacarpals were affected, and
assessment of the other bones was subjective (Poznanski et al., 1972,
1977). Another method of diagnosis is metacarpophalangeal pattern
profile analysis, where bone lengths are measured on radiographs and
used to create plots to generate a pattern that can be compared to length
standards for age and sex (Poznanski et al., 1972; Garn et al., 1972).
While this method is more objective, population-specific standards need
to be used for comparison since growth rates and bone size vary by
population (Laurencikas and Rosenborg, 2000). Further, adult bones
may overlap, precluding measurements, and degenerative changes may
cause difficulties in defining the ends of bones (Poznanski et al., 1972). It
is therefore possible that visual inspection and radiography may miss
some clinical cases (Case, 1996; Poznanski et al., 1972; Burnett, 2005).

Anatomical samples from cadaver populations offer another
perspective on frequency, since it is less probable that the individuals are
related, and likely represent a larger gene pool (Case et al., 1998; Bur-
nett, 2005). Burnett (2005) examined skeletons from the Raymond A.
Dart Collection, primarily composed of adults of South African descent
from the 1920s-present, and found that brachydactyly was present in
1.22 % of the sample, with brachymetatarsia (0.83 %) more frequent
than brachymetacarpia (0.22 %). Among the Terry Collection,
comprised of individuals from the late 19th-early 20th centuries in the
United States, Case et al. (2017) examined feet and observed that 0.29 %
had shortened first metatarsals, while 0.88 % had short fourth meta-
tarsals. The frequency data from these anatomical samples further sug-
gest that while brachydactyly is uncommon, it may not be as rare as
reported by the clinical frequencies. These data also suggest that bra-
chymetatarsia is more frequently observed than brachymetacarpia.

Considering the paleopathological, clinical, and anatomical findings,
it seems that clinical and paleopathological frequencies may under-
represent the prevalence of brachydactyly. That said, it is apparent that
frequencies of brachydactyly vary by the techniques of diagnosis and the
sample population, which in turn varies by location, time period, sample
size, overall size of the gene pool, and relatedness among the
individuals.

In light of this, when applying the terminology of “rare” to prehis-
toric conditions, it is probably best to avoid strict frequency-based def-
initions, as frequency may change over time and space: what is rare
today may not have been rare in the past and what is rare in one region,
may be more common in another. For conditions like BDE that are not
maladaptive, once they arise they will continue to be expressed in
subsequent generations, barring genetic drift. And if they arise in
smaller, more genetically isolated populations, there will be relatively
higher frequencies than in larger populations with greater gene flow.
Rare conditions then, can refer to conditions that generally affect a small
percentage of the overall archaeological population and tend to be
infrequently encountered, identified, and reported in paleopathological
literature.

6. Conclusions

Identifying rare conditions in prehistory is important for under-
standing the antiquity of disease, and their presence may help us
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understand how individuals endured their conditions and how they
were treated by their communities. Further, heritable, low frequency
traits may offer insight into relationships within or among archaeolog-
ical cemeteries. As such, they may indicate which individuals are
genetically related, and provide information concerning the social or-
ganization of a cemetery. This is particularly true when considering a
trait that is conveyed by autosomal dominant inheritance, since the trait
may be observable in multiple generations.

The present investigation described ten shortened metapodials
recovered from Marcajirca, a Late Intermediate to Late Horizon high-
land side in Ancash, Peru. These elements were excavated from two
commingled burial contexts, and represent an MNI of three (1.20 %) of
an estimated 250 individuals from eight burial contexts. Measurements
of the shortened bones demonstrated that while the base, heads, and
midshaft circumferences were comparable to the average size meta-
podials in the population, the difference in length was statistically sig-
nificant (p < 0.001).

Since there were no atypically short long bones recovered from these
contexts, the shortened elements can be categorized as BDE, which de-
scribes digits that are short due to the metacarpals/metatarsals. BDE
may be acquired, isolated, or associated with syndromes, such as PHP
and PPHP. Since multiple individuals at Marcajirca were affected, ac-
quired BDE was ruled out, and a heritable form of BDE is suggested.
Unfortunately, the skeletal pattern of brachydactyly does not differ
appreciably between isolated BDE and PHP/PPHP, and differentiating
among them would require biochemical analysis. The conservative
suggestion then, is that the cases of brachydactyly from Marcajirca be
considered isolated BDE, a clinically rare condition conveyed through
autosomal dominant inheritance with variable expressivity.

The observations at Marcajirca confirm previous archaeological
findings that suggest the fourth metatarsal is a commonly affected bone
in BDE, and that metatarsals are more affected than the metacarpals.
However, differing from previous studies, the number of instances of
preaxial (digit 1) brachydactyly was the same as postaxial (digits 4 and
5). This investigation therefore adds to regional and site-oriented pop-
ulation studies on the frequency of brachydactyly and provides infor-
mation concerning its variant expressions.

There are limitations of this study. First, a general challenge in
identifying a rare disease in paleopathology is that not only are soft
tissue indications not preserved, skeletal recovery is not always com-
plete, especially in commingled contexts. Second, since the remains at
Marcajirca were recovered from commingled contexts, it was not
possible to associate the brachymetacarpia/brachymetatarsia with in-
dividuals to see the full pattern of brachydactyly. It is therefore unclear
if multiple digits were affected in an individual, if there was bilateral
expression, and if phalanges were also shortened. Also unknown is how
many individuals were actually affected, their sex, and if they demon-
strated additional developmental anomalies. Further limitations come
from the lack of comparative data from other Andean sites. It would be
interesting to know where else brachydactyly is observed in the Andes,
and to learn if the relatively frequent involvement of the first digit is
more common among Andean skeletal samples than North American, or
if it is unique to Marcajirca.

In spite of the limitations, the presence of at least two individuals
with BDE in one tomb adds support to the previous suggestion that
tombs were used for familial interment. The four additional brachy-
dactylous elements from a different tomb represent at least one more
individual that may have been related to the other two, and the different
burial contexts may reflect postmarital practices and the continued use
of the site over time by an extended kin group. These cases therefore
offer insight into tomb use, and underscore the importance of identifying
rare developmental anomalies in the archaeological record as their
presence may indicate genetic relationships within or among archaeo-
logical cemeteries.
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