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Two  individuals  with  bilateral  Madelung’s  deformity  were  identified  in  a Late  Intermediate  period  comin-
gled  tomb  at  the  northern  highland  site  of  Marcajirca,  Ancash,  Peru  (ca.  AD  1250).  Comparisons  of  the  size
and robusticity  of  the  radii and  ulnae  suggest  the individuals  represent  a  male  and  a female.  The  difference
in  the  severity  of the  changes  is thought  to represent  variability  in the expression  of the  deformity  seen
in  males  and females  in  clinical  cases.  Three  comparatively  short,  thick  tibiae  were  also  recovered  from
eywords:
adelung’s deformity

éri-Weill dyschondrosteosis
esomelia

ongenital defects
ate Intermediate period

this  tomb,  which  may  suggest  that  the individuals  demonstrate  Léri-Weill  dyschondrosteosis,  a  type  of
dwarfism  characterized  by  mesomelic  shortening.  These  are  the  first examples  of  Madelung’s  deformity
to  be  described  from  an  archaeological  context  in South  America  and  offer  an  insight  into  the  use  of tombs
(chullpas)  in  Late  Intermediate  period  Ancash.

© 2014  Elsevier  Inc.  All  rights  reserved.

eru

. Introduction

This report describes the unusual morphology of two sets of
adii and ulnae recovered from a Late Intermediate period (ca. AD
250) tomb at the northern highland site of Marcajirca in Ancash,
eru (Fig. 1). Situated at the top of a steep-sided, rocky mountain
lope on the eastern side of the Cordillera Blanca, the site com-
rises residential, public, and funerary areas. To date, comingled
uman skeletal remains have been found in 22 funerary caves and
5 walled tombs (chullpas) (Ibarra, 2009).

Chullpa 26 yielded over 1500 disarticulated bones, representing
 minimum of 27 adult individuals. Of the 43 adult radii (26 right,
7 left) and 36 adult ulnae (21 right, 15 left) recovered from this
omb, four radii and two ulnae are malformed and comparatively
hort and thick. The pathological bones appear to be from two indi-
iduals, with each individual represented by a right and left radius,
nd a right ulna. None of the other radii (n = 158) or ulnae (n = 152)
ecovered from four additional tombs and one cave demonstrate

his anomaly. In addition to the forearm deformities, three com-
aratively short, thick tibiae were also recovered from Chullpa 26.

∗ Corresponding author at: University of Arizona College of Medicine – Phoenix,
asic Medical Sciences, 435 N 5th St., Phoenix, AZ 85004, USA. Tel.: +1 6028272368.

E-mail address: atitelb@arizona.edu (A.R. Titelbaum).

ttp://dx.doi.org/10.1016/j.ijpp.2014.11.004
879-9817/© 2014 Elsevier Inc. All rights reserved.
No unusual humeri, femora, metacarpals, metatarsals, or phalanges
were observed.

The purpose of this investigation is twofold: first, to perform
a differential diagnosis of the deformed bones, and secondly, to
understand the bioarchaeological implications of the diagnosis. If
the diagnosis is a heritable condition, the presence of two  individ-
uals with the same condition in the same tomb can offer insights
into the use of Late Intermediate period tombs in the northern
highlands of Peru.

2. Materials and methods

A total of 263 adult long bones were available for examination
from Chullpa 26. Adult bones were identified as having complete
fusion of proximal and distal epiphyses. Preservation of the remains
was very good, with the exception of the fibulae, which were often
too damaged for observation. Measurements of each long bone
were taken following the guidelines given in Buikstra and Ubelaker
(1994). Radiography was  not available.

The presence of malformed and comparatively short but thick
radii (2 right, 2 left) and ulnae (2 right) were noted during the initial
inventory of the material (Figs. 2–3). Articulation of the bones iden-

tified two  pairs of radii, each with an associated right ulna. One pair
(Individual 1) is shorter and more gracile with a more pronounced
deformity, whereas the other pair (Individual 2) is longer and
more robust with a less pronounced deformity. Based on size and

dx.doi.org/10.1016/j.ijpp.2014.11.004
http://www.sciencedirect.com/science/journal/18799817
http://www.elsevier.com/locate/ijpp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpp.2014.11.004&domain=pdf
mailto:atitelb@arizona.edu
dx.doi.org/10.1016/j.ijpp.2014.11.004
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Fig. 1. Location of Marcajirca, Peru.
odified from Huhsunqu (2009).

obusticity, it is reasonable to suggest that Individual 1 is female
nd Individual 2 is male.

In addition to the deformed radii and ulnae, one right and two
eft tibiae from Chullpa 26 were found to be shorter yet thicker than
he other tibiae from the tomb (Fig. 4). Morphological comparison
f the three tibiae determined that they represent two individuals:

ne smaller and more gracile, and the other larger and more robust.
gain, they seem to indicate a male and a female and as these defor-
ities are not found in any of the other samples, it is probable the

Fig. 2. Malformed and short radii compared with normal, average length radii.
Fig. 3. Malformed and short ulnae compared with normal, average length ulnae. A,
Normal; B, Individual 2, C, Individual 1.

tibiae and arm bones are from the same two individuals. No other
long bones were found to be unusually short or deformed.

3. Results

The affected radii and ulnae have pronounced interosseous
crests and strong muscle attachment sites, in particular for
brachialis, biceps brachii, pronator quadratus, and pronator teres.
The radii bow laterally, and the proximal circumferential articu-
lar surface is underdeveloped on all radii, particularly along the
lateral margin (Fig. 5). The distal radial articular surfaces have a
marked medial deviation, giving them a triangular appearance that
likely would have caused the carpals to have a V-shaped forma-
tion (Fig. 6). There appears to be posterior dislocation of the ulnar
articulation on each radius.

The radii of Individual 1 demonstrate marked lateral bowing.
While the proximal end of the left radius is broken postmortem,
the right radial head is hypoplastic. The medial side of the articular
fovea on the head of the right radius has an osteophyte that articu-
lates with the radial notch of the ulna (Fig. 5A). At the distal end of
the interosseous crest of each radius is an elliptical fossa with new
bone formation on its floor; the left radial fossa measures a maxi-
mum  of 11.41 mm long by 6.17 mm wide with a depth of 5.15 mm,
and the right radial fossa measures a maximum of 10.25 mm long by
7.51 mm wide with a depth of 5.77 mm (Fig. 6A). The radii lack dis-

tinct ulnar notches. The ulna has a deep proximal radial notch and
a prominent enthesis on the ulnar tuberosity, at the attachment
for brachialis. The distal epiphysis is enlarged with a thickened
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ig. 4. Short, thick tibiae compared with normal, average length tibia. A, Individual
;  B, Individual 2; C, Normal.

tyloid process (10.78 mm in diameter) that is almost equal in size
o the ulnar head (12.66 mm in diameter) (Fig. 7C).

The radii of Individual 2 demonstrate similar but less marked
eatures to those of Individual 1(Figs. 2B, 4B). The shafts demon-
trate lateral bowing and the heads and circumferential articular
urfaces are underdeveloped. Distally the ulnar notches are indis-
inct and there is an elliptical fossa that measures a maximum of
.08 mm long by 3.37 mm wide with a depth of 2.94 mm (Fig. 6B).

he left radius does not display a fossa.

Like the radii, the ulna demonstrates similar but less pro-
ounced features to that of Individual 1 (Fig. 3B). The distal
nd is also distorted with a thick styloid process (Fig. 7B). The

Fig. 6. Distal right and left radii. Medial v
Fig. 5. Proximal radio-ulnar articulation, right arm. A, Individual 1; B, Individual 2.

maximum diameter of the styloid process is 9.01 mm,  compared
to the maximum diameter of the head at 16.41 mm.  The shaft of
this ulna is notably robust.

When compared to the average measurements in the sample
(Table 1), the affected radii and ulnae are shorter but have greater
medio-lateral shaft diameters (ML). While the anterio-posterior
(AP) diameters of the affected radii were similar to the sample
mean, the AP diameters of the ulnae were slightly greater.

The radius of Individual 1 is 42 mm shorter with a 6 mm greater
ML diameter than the mean. The ulna is 36 mm shorter with a
3 mm greater ML  diameter and a 4 mm greater AP diameter than
the mean.

For Individual 2, the radii were shorter than the mean (right:
21 mm shorter; left: 17 mm  shorter), with a greater ML  diameter
(right, 7 mm wider; left, 5 mm wider). The ulna was 15 mm shorter
than the mean, with a 3 mm  wider ML  diameter and a 5 mm wider

AP diameter.

Similar comparisons were carried out for the affected tibiae
(Table 2). It is apparent that while the tibiae for both individuals
are shorter than the combined average for males and females, they

iew. A, Individual 1; B, Individual 2.
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Table  1
Measurements of radii and ulnae (mm).

Bone Maximum length Range ML @ mid-shaft Range AP @ mid-shaft Range

Right radius
Individual 1 176 19 12
Individual 2 197 20 12
Adult  average* 218 (n = 51) 183–244 13 (n = 58) 10–16 11 (n = 58) 9–14

Left  radius
Individual 1 (broken) – –
Individual 2 203 18 12
Adult  average* 216 (n = 39) 184–260 13 (n = 54) 9–18 11.00 (n = 54) 8–16

Right  ulna
Individual 1 202 15 17
Individual 2 223 14 18
Adult  average* 238 (n = 33) 208–260 12 (n = 50) 8–16 13 (n = 50) 9–18

ML,  medial–lateral diameter; AP, anterior–posterior diameter.
* Adult averages based on measurements of sided but unsexed adult radii and ulnae from three comingled tombs (Cave 3, Chullpa 7, and Chullpa 26)

Table 2
Measurements of tibiae (mm).

Bone Condylo-maleolar length Range Circumference @ nutrient foramen Range

Right Tibia
Individual 1 278 83
Adult average* 329 (n = 48) 275–370 83 (n = 68) 70–100

Left  Tibia
Individual 1 286 83
Individual 2 312 111

–381 
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Adult average* 327 (n = 46) 287

* Comparative mean length based on the averaged measurements of sided but un

emonstrate greater circumferences at mid-shaft. In particular, the
ibia of Individual 2 is 15 mm shorter than the combined average,
ut it has a circumference that is 29 mm greater. Although asso-
iations between comingled limbs are speculative without DNA
nalysis, there is a strong possibility that Individual 1 may  be asso-
iated with the pair of shorter tibiae, whereas Individual 2 may  be
ssociated with the relatively short and dense, robust left tibia.

.1. Differential diagnosis

Various etiologies were considered to account for the mal-

ormed radii and ulnae. The observed deformities could have
esulted from trauma, or they may  be associated with hereditary
ultiple exostosis, chromosomal abnormalities, and skeletal dys-

lasia.

ig. 7. Distal right ulnae. Anterolateral view. A, Normal; B, Individual 2, C, Individual
.

82 (n = 71) 65–99

 adult tibiae, from three comingled tombs (Cave 3, Chullpa 7, and Chullpa 26).

Fracture malalignment, may  have caused deformities of the
shaft and distal epiphysis of the radii (Anderson and Carter, 1995),
but the lack of fracture lines or bony calluses rules out this diag-
nosis. Furthermore, trauma is more likely to occur unilaterally and
less likely to occur bilaterally in two individuals with nearly sym-
metrical presentation.

Forearm and wrist deformities may  occur with hereditary
multiple exostosis (HME). This condition manifests as numerous
projections of bone and cartilage, most often at the knee. Exostoses
are typically found on the metaphyses of long bones, but can also
occur on the diaphyses. Leg, forearm, wrist, and hand deformities
are frequent, and the radius may  be longer than the ulna (OMIM,
1986a; Campo et al., 1996). The lack of multiple exostosis on the
affected bones, or on any of the bones recovered from the tomb
excludes HME  as a likely diagnosis.

Wrist deformities can be present with Turner syndrome, a
chromosomal abnormality that affects females and caused by the
absence or incompleteness of one of the two X-chromosomes
(Poznanski and Holt, 1971). Individuals with Turner syndrome have
short stature with possible epiphyseal deformities, cubitus valgus,
abnormalities of the palate, dysplastic carpals, and shortening of
the metacarpals, particularly the fourth. Most cases of Turner syn-
drome are not inherited, and mesomelic skeletal features are absent
or rare (Ogata et al., 2002). As one of the cases involves a proba-
ble male, and no abnormal carpals, metacarpals, maxilli, femora or
humeri were identified, despite many of these bones being recov-
ered from the tomb, Turner syndrome is an unlikely diagnosis.

Various types of skeletal dysplasia should also be considered,
including achondroplasia which is the most common form (Campo
et al., 1996). Systemic growth disturbances such as achondroplasia
are ruled out as no other dysplastic bone elements were recovered.

Radial longitudinal deficiency (‘radial club hand’) is a congeni-

tal deformity that results from a deficiency of growth in the radial
ray, resulting in the abnormal development, underdevelopment,
or absence or hypoplasia of the radius, lateral carpal bones, and
thumb (Bednar et al., 2009). As a result of this condition, the hand
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Fig. 8. Radius and ulna, right arm. A, Individual 1; B, Individual 2.

nd wrist demonstrate a characteristic radial deviation. Since the
adii in question display a distinct ulnar tilt of the distal epiphyses,
adial dysplasia is discounted as a differential diagnosis.

Malformed epiphyses also occur with multiple epiphyseal dys-
lasia. This condition is characterized by a disorder of cartilage and
one development that results in irregular epiphyses of the limb
ones, and is associated with early onset of degenerative joint dis-
ase, particularly in the hips and knees (OMIM,  1986b). In a clinical
etting, a sloping end of a tibia can lead to a diagnosis of this dis-
rder, due to the deficiency in the ossification of a portion of the
istal tibial epiphysis. Wrists and hands are often normal in the
ild form of this disorder, whereas they may  be short and stubby

n the more severe form, and associated with other abnormali-
ies, such as clubfoot, cleft palate, radial ray deficiency, or scoliosis.
ince no additional dysplastic epiphyses were observed among the
ones from the tomb, it is unlikely that this condition explains the
bserved forearm deformities. It appears that Individuals 1 and 2
oth demonstrate bilateral Madelung’s deformity, a rare anomaly
f the forearm and wrist (Fig. 8). Described in 1878 by German sur-
eon Otto W.  Madelung, Madelung’s deformity (MD) is due to an
rrest of growth at the antero-medial aspect of the distal epiphyseal
late of the radius, causing abnormalities of the radius, ulna, and
arpal bones (Langer, 1965). Ranging in expression (Zebala et al.,
007), the physical deformity is characterized by shortened and
owed radii and dorsally displaced distal ulnae, resulting in a pos-
erior protuberance of the ulnar head in the wrist of an affected
ndividual (Anton et al., 1938).
The radiographic criteria for a diagnosis of MD  include: double
owing of the radius (dorsal and lateral), an enlarged interosseous
pace between the radius and ulna, shortened radius and ulna,
remature fusion of the medial distal radial epiphysis causing
l of Paleopathology 9 (2015) 8–14

a triangulation of the normally rectangular epiphysis, localized
decreased bone density on the distal ulnar border of the radius
extending for a short distance proximal to the epiphyseal line,
osteophyte formation on the ulnar aspect of the distal radius near
the epiphyseal line, an antero-medial angulation of the distal radial
articular surface, posterior dislocation of the distal radio-ulnar
articulation, deformity of the ulnar head and styloid process, and
wedging of the carpal bones between the radius and ulna result-
ing in a V-shape or triangular configuration with the lunate at
the apex (Dannenberg et al., 1939). Also described is hypoplasia
and flattening of the radial head (Lamy and Maroteaux, 1960), and
enlargement and distortion of the distal ulna, with an abnormally
dense distal ulnar epiphysis (Henry and Thorburn, 1967).

In their surgical treatment of patients with MD,  Vickers and
Nielsen (1992) described the presence of an abnormal thickened
ligament in the wrist, extending from the anteromedial metaphysis
of the radius to the lunate. Now referred to as Vicker’s ligament, this
fibrous band is approximately 5 mm in diameter. Surgical release
of the band in adolescent patients has been found to be an effec-
tive treatment for the deformity lending support to the possibility
that Vicker’s ligament is a contributing factor (Vickers and Nielsen,
1992; Harley et al., 2006). It is possible that the elliptical fossae
described in the present cases, and seen in other paleopathologi-
cal descriptions of MD (e.g., Campo et al., 1996; Canci et al., 2002;
Cummings and Rega, 2008), is associated with the presence of the
ligament.

Madelung’s deformity causes a restriction in wrist movement,
and the more severe the deformity, greater the limitations of move-
ment. Patients commonly present with the loss of extension and
ulnar deviation, although pronation, supination, and radial devia-
tion may  also be affected (Anton et al., 1938; Vickers and Nielsen,
1992; Zebala et al., 2007). While some patients with the deformity
may  be asymptomatic, some report progressive stiffness and pain,
a reduction in grip strength, and concern over physical appear-
ance (Henry and Thorburn, 1967; Plafki et al., 2000; Villeco, 2002;
Ghatan and Hanel, 2013). Rupture of the extensor tendons of the
fingers has also been reported in some cases of severe deformity
(Ducloyer et al., 1991).

Madelung’s deformity may  be congenital or may  result from a
traumatic event. Whereas traumatic MD is usually unilateral, con-
genital MD is typically bilateral and may  be either associated with
bone dysplasia or be idiopathic in its etiology. Congenital forms of
the condition are not apparent during infancy or childhood; rather
the deformity slowly develops during growth becoming evident by
adolescence. While congenital MD can affect both sexes, it is found
more frequently in females (Anton et al., 1938).

While some types of skeletal dysplasia affect the development of
an entire limb, other types affect a portion of a limb. In these cases,
rhizomelia refers to growth disturbances of the upper segments
(humerus and femur), mesomelia describes the relative shortening
of the middle segments (bones of the forearm and lower leg), and
acromelia refers to the relative shortening of the distal segments
(fingers and toes). Following from this, rhizomesomelia refers to
growth disturbances of the upper and middle segments, whereas
acromesomelia refers to growth disturbances of the middle and
distal segments. In the current investigation, acromesomelic and
rhizomesomelic forms of dysplasia can be ruled out, since no dys-
plastic humeri, femora, metacarpals, or metatarsals were recovered
from the tomb.

Mesomelic dysplasias associated with MD  include Langer
mesomelic dyplasia and Léri-Weill dyschondrosteosis. Langer
mesomelic dysplasia is due to a homozygous defect or deletion

of the short stature homeobox containing gene (SHOX or SHOXY)
(Belin et al., 1998; OMIM,  1986c). In addition to MD,  individuals
with Langer mesomelic dysplasia have severely shortened bones
of the forearm and lower leg. The radius and the tibia are short,
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Table  3
Previously reported cases of Madelung’s deformity and Léri-Weil dyschondrosteosis in the paleopathological literature.

Location Chronology Sex Age MD Diagnosis Reference

1 England (Medieval) Male Older adult (40–50) Yes(unilateral) Post-traumatic Anderson and Carter
(1995)

2 Spain AD 1000–1200 Male Middle adult(30–50) Yes (bilateral) Idiopathic Campo et al. (1996)
3 Spain 200–100 BC Female Young adult (ca 23) Yes?(bilateral) Multiple Epiphyseal

Dysplasia? Idiopathic?
Campillo and Malgosa
(1991)

4 Italy 800 BC Male Older adult (45–50) Yes (bilateral) Indeterminate (missing
legs)

Canci et al. (2002)

5 Switzerland AD 500–600 Female Older adult (ca 60) Yes (bilateral) LWD Lagier et al. (1978)
6 England AD 100–200 Male Young adult (20–25) Yes (bilateral) LWD  Waldron (2000)
7 England AD 800–1000 Female Middle adult(35–44) Yes (bilateral) LWD  Cummings and Rega

(2008)
8 Netherlands AD 78–233 Female Middle adult (ca 35) No LWD  Bianucci et al. (2012)
9 Switzerland Late Neoltihic Indeterminate Sub adult (12) No LWD  Milella et al. (2013)
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5155 ± 45 cal BP

hick, and curved, whereas the ulna and fibula tend to be severely
nderdeveloped or absent, and mild hypoplasia of the mandible
ay  also be observed (Langer, 1967; OMIM,  1986d). Bearing some

imilarities, the forearms from Chullpa 26 demonstrate a milder
xpression than what is described for Langer mesomelic dysplasia.

With a similar but less severe phenotype than Langer mesomelic
ysplasia, Léri-Weill dyschondrosteosis (LWD) is due to the pseu-
oautosomal dominant inheritance of a heterozygous defect or
eletion of the short stature homeobox containing gene (SHOX
r SHOXY), or by a deletion in the SHOX downstream regulatory
omain (Belin et al., 1998; Shears et al., 1998; OMIM,  1986d). First
escribed in 1929 by Léri and Weill, LWD  is characterized by short
tature, mesomelia, and Madelung deformity. The shortening of the
orearm tends to be proportionately greater than that of the lower
eg (Langer, 1965). Additional findings may  include exostoses, par-
icularly on the proximal medial tibia (Waldron, 2000; Léri and

eill, 1929).
Léri-Weill dyschondrosteosis expresses phenotypic variation,

ven within the same family, likely due the role of sex steroids
n skeletal development, background genetic effects, and environ-

ental factors (Shears et al., 1998). Occurring in both sexes, the
efect is bilateral and more common and more severely expressed

n females, possibly due to sex differences in estrogen levels (OMIM
986d). Males with LWD  may  demonstrate muscular hypertrophy
Schiller et al., 2000). The prevalence of this condition is not known.

Like Langer mesomelic dysplasia and LWD, idiopathic MD is
lso due to a mutation or deletion in the homeobox gene SHOX
Blaschke and Rappold, 2000). However, individuals with the idio-
athic form of MD  do not demonstrate mesomelia. Nixon (1983)
eported MD  with dominant familial inheritance that was  not asso-
iated with bone dysplasia. Plafki et al. (2000) also reported a
amily with bilateral primary MD  within five generations, affect-
ng both females and males, and indicating autosomal dominant
nheritance.

It is unfortunate that the tibiae described in our cases are not
efinitively associated with the forearms, since a diagnosis of LWD
annot be stated with certainty. Nevertheless, LWD  deserves strong
onsideration due to the bilateral nature of the defects, and due to
he fact that two individuals in the same tomb present the same
eformity, implying a hereditary transmission.

. Discussion

Madelung’s deformity and Léri-Weill dyschondrosteosis are

arely described in the paleopathological literature (Table 3). Six
ases of MD  have been reported. Of those, one is the result of
rauma (Anderson and Carter, 1995), one is idiopathic (Campo et al.,
996), and at least three are associated with LWD  (Lagier et al.,
1978; Waldron, 2000; Cummings and Rega, 2008). Of the five non-
traumatic cases, two are adult females and three are adult males,
from England (2), Spain (1), Switzerland (1), and Italy (1), ranging
from 800 BC to AD 1000–1200. Another possible idiopathic exam-
ple of bilateral MD was  observed in a young adult female from
the Talayotic site of S’Illot de Porros, Mallorca, Spain (200–100 BC)
(Campillo and Malgosa, 1991), although the authors suggested that
this may  be a case of multiple epiphyseal dysplasia. Two  additional
cases of LWD  without MD  have been reported from Switzerland
(Milella et al., 2013) and the Netherlands (Bianucci et al., 2012),
including the earliest example of LWD, dating to the Late Swiss
Neolithic (5155 ± 45 cal BP) (Milella et al., 2013).

In the cases described here, Madelung’s deformity would have
presented as a minor physical deformity with limitations in wrist
movement and pain during adolescence. In spite of the deformity,
the presence of MD would have not precluded a fully functional
and active life, particularly since limitations in wrist movement can
be overcome through compensatory movements at the shoulder.
Considering the role of the two affected individuals in the com-
munity, it is likely that they did demonstrate physical differences
from other individuals, particularly with the visible MD and the
plausible LWD. Nevertheless, there is no reason to believe that the
individuals suffered physical or social disadvantage. Not only did
the two individuals live into adulthood, they were given normative
burial treatment, testifying to their membership in the commu-
nity. Importantly, the presence of two  individuals with a heritable
condition in a single chullpa offers insight into tomb use during
the Late Intermediate period in the northern highlands of Peru.
The use of these above ground mortuary monuments arose dur-
ing the Early Intermediate period and spread across the Central
Andes, becoming the predominant mortuary structure during the
Late Intermediate period (Isbell, 1997). It is logical to suggest that
tombs were used by kin groups or individuals with a shared ethnic
identity; however, such suggestions of prehistoric social structure
tend to be based on Colonial records and ethnographic analogy, and
less frequently on the human remains themselves. DNA  analysis is
destructive and often cost prohibitive, although occasional studies
have been conducted. One recent investigation was conducted by
Baca et al. (2012), to determine if tombs served as family graves
at the Late Horizon site Tompullo 2 in Arequipa, Peru. DNA anal-
ysis on 41 individuals from six chullpas suggested that each tomb
contained members of a single patrilineal family group.

The bioarchaeological evidence presented here offers new
insight into tomb use. Two cases of heritable MD and possible LWD

from one tomb demonstrates that familial relationship was a factor
that influenced mortuary practices at Marcajirca. How the individ-
uals were related is not clear, though it is highly likely that they
belonged to the same familial group.
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. Conclusions

Macroscopic examination of the bones from Chullpa 26 indicates
hat two individuals exhibit Madelung’s deformity, a developmen-
al anomaly of the wrist. These are the first examples of MD to
e described from an archaeological context in South America and
ne of eight cases reported worldwide. Based on size, robusticity,
nd the expression of the deformity, the individuals were likely a
emale and a male. Measurements of the comingled tibiae from the
omb identified three that were shorter and thicker than the rest of
he tibiae. Although not definitive without DNA analysis, it is prob-
ble that the three tibiae demonstrate mesomelic shortening and
re associated with the individuals with the forearm deformities,
uggesting a diagnosis of Léri-Weill dyschondrosteosis. The likeli-
ood for either inherited idiopathic MD or MD  associated with LWD

s supported by the fact that two individuals from one tomb have
he same condition. The presence of two individuals with the same
eritable defect in one tomb indicates that consanguine relations
ere interred together, offering insight into tomb use at the Late

ntermediate period highland site of Marcajirca in Ancash, Peru.
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reveals kinship burial patterns of a pre-Columbian Andean community. BMC
Genetics 13, 30.

ednar, M.S., James, M.A., Light, T.R., 2009. Congenital longitudinal deficiency. J.
Hand Surg. 34, 1739–1747.

elin, V., Cusin, V., Viot, G., Girlich, D., Toutain, A., Moncla, A., Vekemans, M., Le
Merrer, M.,  Munnich, A., Cormier-Daire, V., 1998. SHOX mutations in dyschon-
drosteosis (Leri-Weill syndrome). Nat. Genet. 19, 67–69.

laschke, R.J., Rappold, G.A., 2000. SHOX: growth Léri-Weill and Turner syndromes.
Trends in Endocrinol. Metab. 11, 227–230.

ianucci, R., Brothwell, D., van der Sanden, W.,  Papgeorgopulou, C., Gostner,
P., Pernter, P., Egarter-Vigl, E., Maixner, F., Janko, M.,  Piombino-Mascali,
D.,  Mattutino, G., Rühlis, F., Zink, A., 2012. A possible case of dyschon-
drosteosis in a bog body from the Netherlands. J. Archaeol. Low Ctries. 4,
http://dpc.uba.uva.nl/jalc/04/nr01/a02

uikstra, J.E., Ubelaker, D.H.,1994. Standards for Data Collection from Human Skele-
tal  Remains. Arkansas Archaeological Survey Research Series No. 44. Arkansas

Archeological Survey, Fayetteville.

ampillo, D., Malgosa, A., 1991. Braquimielia en un esqueleto procedente de la
necrópolis talayotica de S’Illot de Porros (Mallorca). In: Actas del IX Congreso
Nacional de Historia de la Medicina, Universidad de Zaragoza, Zaragoza, pp.
1179–1188.
l of Paleopathology 9 (2015) 8–14

Campo, M.,  Robles, F.J., González, A., 1996. Un caso de deformidad de Madelung en
la  España Musulmana. In: Perez-Perez, A. (Ed.), Salud, Enfermedad y Muerte en
el  Pasado: consequencias biológicas del estrés y la pathología. Acts del III Con-
greso Nacional de Paleopalogía. Barcelona, 1821 Septiembre de 1995. Fundación
Uriach, Barcelona, pp. 179–192.

Canci, A., Marini, E., Mulliri, G., Usai, E., Vacca, L., Floris, G., Borgonini Tarli, S.M.,
2002. A case of Madelung’s deformity in a skeleton from Nuragic Sardinia. Int. J.
Osteoarchaeol. 12, 173–177.

Cummings, C., Rega, E., 2008. A case of dyschondrosteosis in an Anglo-Saxon skele-
ton. Int. J. Osteoarchaeol. 18, 431–437.

Dannenberg, M.,  Anton, J.I., Spiegel, M.B., 1939. Madelung’s deformity: consideration
of  its roentgenological diagnostic criteria. Am.  J. Roentgenol. 42, 671–676.

Ducloyer, P., Leclercq, C., Lisfranc, R., Saffar, P., 1991. Spontaneous ruptures of the
extensor tendons of the fingers in Madelung’s deformity. J. Hand Surg. 16,
329–333.

Ghatan, A.C., Hanel, D.C., 2013. Madelung deformity. J Am.  Acad. Orthop. Surg. 21,
372–382.

Harley, B.J., Brown, C., Cummings, K., Carter, P.R., Ezaki, M.,  2006. Volar ligament
release and distal radius dome osteotomy for correction of Madelung’s defor-
mity. J. Hand Surg. 31A, 1499–1506.

Henry, A., Thorburn, M.J., 1967. Madelung’s deformity: a clinical and cytogenetic
study. J. Bone Joint Surg. 49B, 66–73.

Huhsunqu 2009. http://upload.wikimedia.org/wikipedia/commons/7/7b/Peru
location map.svg

Ibarra, A.B., 2009. Marcajirca: cronología, functión y muerte. In: Ibarra, B.I. (Ed.),
Historia Prehipánica de Huari: 3000 años de historia desde Chavin hasta los
Inkas. Instituto de Estudios Huarinos, Huari, Peru, pp. 71–84.

Lagier, R., Kaufmann, H., Baud, C.A., 1978. Dyschondrosteosis (Léri-Weill syndrome)
observed in a VIth century skeleton. Skelet. Radiol. 3, 102–104.

Langer, L.O., 1965. Dyschondrosteosis, a hereditable bone dysplasia with character-
istic  roentgenographic features. Am.  J. Roentgenol. 95, 178–188.

Lamy, M.,  Maroteaux, P., 1960. Les chondrodystrophies genotypiques. L’Expansion
Scientifique Franç aise, Paris, pp. 33–39.

Léri, A., Weill, J., 1929. Une affection congénital et symétrique du développement
osseux: la dyschondrostéose. Bull. et Mémoires de la Société Médicale des Hôpi-
taux de Paris 53, 14911494.

Milella, M.,  Zollikofer, C.P.E., Ponce de Leon, M.S., 2013. A Neolithic case
of  mesomelic dysplasia from northern Switzerland. Int. J. Osteoarchaeol.,
http://dx.doi.org/10.1002/0a.2390.

Nixon, J.E., 1983. Bilateral Madelung’s disease of the wrist: a familial condition. J. R.
Soc.  Med. 76, 313–315.

Ogata, T., Muroya, K., Sasaki, G., Nishimura, G., Kitoh, H., Hattori, T., 2002. SHOX
nullizygosity and haploinsufficiency in a Japanese family: implications for
the  development of Turner skeletal features. J. Clin. Endocrinol. Metab. 87,
1390–1394.

OMIM (Online Mendelian Inheritance in Man). 1986. http://omim.org/entry/133700
[Last Update: 11/10/2009]. Reference for #133700 Exostoses, Multiple, Type I
(accessed 06.02.14).

OMIM (Online Mendelian Inheritance in Man). 1986. http://omim.org/entry/132400
[Last Update: 07/09/2012]. Reference for #132400 Epiphyseal Dysplasia, Multi-
ple, EDM1 (accessed 06.02.14).

OMIM (Online Mendelian Inheritance in Man). 1986. http://omim.org/entry/249700
[Last Update: 01/10/2012]. Reference for # 249700 Langer Mesomelic Dysplasia;
LMD  (accessed 06.02.14).

OMIM (Online Mendelian Inheritance in Man). 1986d. http://omim.org/
entry/127300[Last Update: 10/09/2013]. Reference for # 127300 Leri-Weill
Dyschondrosteosis; LWD  (accessed 06.02.14).

Poznanski, A.K., Holt, J.F., 1971. The carpals in congenital malformation syndromes.
Am.  J. Roentgenol. Radium Ther. Nucl. Med. 112, 443–459.

Schiller, S., Spranger, S., Schechinger, B., Fukami, M.,  Merker, S., Drop, S.L.S., Troger,
J.,  Knoblauch, H., Kunze, J., Seidel, J., Rappold, G.A., 2000. Phenotypic variation
and genetic heterogeneity in Leri-Weill syndrome. Eur. J. Hum. Genet. 8, 54–62.

Shears, D.J., Vassal, H.J., Goodmn, F.R., Palmer, R.W., Reardon, W.,  Superti-Furga, A.,
Scambler, P.J., Winter, R.M., 1998. Mutation and deletion of the pseudoautoso-
mal  gene SHOX cause Leri-Weill dyschondrosteosis. Nat. Genet. 19, 70–73.

Vickers, D., Nielsen, G., 1992. Madelung deformity: surgical prophylaxis (physiolysis)
during the late growth period by resection of the dyschondrosteosis lesion. J.
Hand Surg. 17B, 401–407.

Villeco, J., 2002. Case report and review of the literature: Madelung’s deformity. J.

Hand Ther. 15, 355–362.

Waldron, H.A., 2000. A case of dyschondrosteosis from Roman Britain. J. Med. Genet.
37,  e27, http://dx.doi.org/10.1136/jmg.37.10.e27.

Zebala, L.P., Manske, P.R., Goldfarb, C.A., 2007. Madelung’s deformity: a spectrum of
presentation. J. Hand Surg. 32A, 1393–1401.

http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0005
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0010
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0015
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0020
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0025
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0030
http://dpc.uba.uva.nl/jalc/04/nr01/a02
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0045
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0050
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0055
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0060
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0065
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0070
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0080
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0085
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0090
http://upload.wikimedia.org/wikipedia/commons/7/7b/Peru_location_map.svg
http://upload.wikimedia.org/wikipedia/commons/7/7b/Peru_location_map.svg
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0095
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0100
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0105
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0110
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0115
dx.doi.org/10.1002/0a.2390
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0190
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0120
http://omim.org/entry/133700
http://omim.org/entry/132400
http://omim.org/entry/249700
http://omim.org/entry/127300
http://omim.org/entry/127300
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0145
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0150
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0155
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0160
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0165
dx.doi.org/10.1136/jmg.37.10.e27
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175
http://refhub.elsevier.com/S1879-9817(14)00105-3/sbref0175

	Madelung's deformity and possible Léri-Weill dyschondrosteosis: Two cases from a Late Intermediate period tomb, Ancash, Peru
	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Differential diagnosis

	4 Discussion
	5 Conclusions
	Acknowledgements
	References


