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To Swaddle, or Not to Swaddle? Paleoepidemiology of Developmental
Dysplasia of the Hip and the Swaddling Dilemma Among the Indigenous
Populations of North America

SAMANTHA H. BLATT*
Department of Anthropology, Boise State University, Boise, Idaho 83725-1950

Objectives: Clinical prevalence of developmental dysplasia of the hip (DDH) is high among modern indigenous pop-
ulations of North America, yet no systematic study of the paleoepidemiology of this group exists. This study discusses
the skeletal criteria, epidemiology, pathophysiology, and risk factors of DDH. A range of cases of DDH from an archaeo-
logical Native American population are described and the clinical and prehistoric prevalence of DDH among indigenous
populations of North America are calculated and discussed within a biocultural perspective.

Methods: Pelves of 390 adults from the Late Prehistoric (1490 B.P. 6 70) Buffalo site, West Virginia, were examined
for DDH. Morphology of true and false acetabula was classified and other changes of the pelvis, lower limb, and spine
were noted along with cranial deformation, providing evidence of infant restriction. Prevalence of DDH among living
and archaeological indigenous peoples of North America were calculated and compared. Cranial deformation was
assessed as evidence for swaddling.

Results: DDH was identified in 18 adults from Buffalo, resulting in a minimum prevalence of 46.15 per 1,000, within
the range reported in modern indigenous groups in North America. Most, but not all, of the DDH cases were associated
with cranial deformation, but not all cases of cranial deformation were associated with DDH.

Conclusions: The etiology of DDH suggests that components of both genetic predisposition and swaddling practices
have combined to create a high-risk environment for the development of DDH, contributing to high prevalence within
archaeological populations, like Buffalo, and modern Indigenous groups of North America. Am. J. Hum. Biol. 27:116–
128, 2015. VC 2014 Wiley Periodicals, Inc.

Developmental dysplasia of the hip (DDH) is an epide-
miological conundrum with a controversial etiology. The
clinical literature regarding DDH is vast and complicated
due to changes to and disagreement over definitions of the
disorder, different methods of diagnosis, different age cat-
egories of patients, variation in examiner experience, and
biological variation in the populations studied (Noordin
et al., in press; Roposch and Wright, 2007). Bioarchaeolog-
ical understanding of DDH is only beginning to catch up
with clinical assessments, but biocultural and paleoepide-
miological studies can enlighten risk factors and etiology
of the disease and even guide potential prevention and
treatment programs in high-risk populations. This study
will review the most current clinical contributions to the
etiology of DDH, compile such knowledge with reports on
modern and archaeological prevalence of the disorder
within indigenous populations of North America, and
integrate these within a cultural context.

DDH is a pathological spectrum that ranges in severity
by varying degrees of misalignment of the femoral head
from the acetabulum (Aufderheide and Rodriguez-Martin,
1997; Godley, 2013; Ortner, 2003; Weinstein, 2013). In the
past, this condition was called congenital dysplasia/dislo-
cation of the hip, referring to complete dislocation at
birth. However, a higher frequency of DDH cases begin
with only a slight abnormality of the acetabulum and
develop over the life of the individual into more severe
forms, taking tissue growth and differentiation into con-
sideration, hence the clinical appropriateness of the name
change recognizing it as a developing pathology (Gulati
et al., 2013; Harcke, 1999; Mitchell and Redfern, 2008,
2011). Misalignment can be the result of trauma or con-
genital abnormalities in the joint which increase the like-

lihood of further damage (Aufderheide and Rodriguez-
Martin, 1997; Godley, 2013; Ortner, 2003; Weinstein,
2013). Trauma can cause dislocation of the hip, but in
such cases, it is no longer called DDH, but rather trau-
matic hip dislocation. Therefore, DDH is a nontraumatic,
nonpainful event in babies, and should not be confused as
a traumatic pathology.

The mildest form of DDH, acetabular dysplasia, may
have no clinical manifestations, but is characterized by
the containment of the femoral head within a shallow ace-
tabulum. Though all subluxated hips are by definition
anatomically dysplastic, subluxation is a more severe
stage and involves partial loss of contact between the joint
compartments. Dislocation is the most severe form, with
disruption and complete loss of the normal anatomical
contact between the joint components. By consequence,
the femoral head compensates for the lack of a secure
socket by forming and articulating with a false acetabu-
lum, sitting posterolaterally to the true acetabulum
(Dunn, 1976; Ortner, 2003). All ranges of DDH have the
potential to lead to osteoarthritis and the need for hip
replacement after the fourth decade of life, which along
with diagnosis, is the main focus of clinical reports. To be
detected in the dry bone, however, the disruption of joint
activity must be associated with modeling or change in
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the subchondral bone in or adjacent to the joint. This
means that dysplasia and subluxation is less likely to be
identified and reported than dislocation in skeletal popu-
lations (MacFarlane, 1980; Ortner, 2003; Storer and
Skaggs, 2006).

Overall, DDH is not uncommon clinically, with a global
incidence of 1 to 34 per 1,000 live births and by ultrasono-
graphic detection in 25 to 50 out of 1,000 infants (known
as neonate instability). Only in the last decade have size-
able case series been reported in archaeological/historical
populations (Marfet et al., 2007; Mitchell and Redfern,
2007, 2008, 2011; Noordin et al., in press; Schoenecker
and Flynn, 2007), leading some to infer temporal change
in prevalence and to speculate as to why (see Table 4).
Consequently, the paleoepidemiology, prevalence, and
identifying criteria of DDH amongst populations in antiq-
uity remain relatively unknown and possibly under- or
misreported. Furthermore, the few paleopathological
studies which have focused on DDH exclusively, report
cases mostly from historic cemeteries in Europe that do
not necessarily represent natural populations with biolog-
ical affinity, therefore may not adequately represent herit-
able etiology of a disease. Recent studies have found lack
of significant differences in prevalence of DDH through
time among Western European, Mediterranean, and Mid-
dle Eastern populations (Blondaux and Millet, 1991; Lod-
der and Skopelja, 2011; Mafart et al., 2007; Mitchell and
Redfern, 2008, 2011). The most notable of these is Mitch-
ell and Redfern (2007, 2008, 2011), who devise a diagnos-
tic classification system for the DDH spectrum in dry
bone, including four distinctive types of dislocation
anomalies. Further, Mitchell and Redfern (2007) com-
pared the incidence of dislocation between the large Spi-
talfields cemetery collection and a modern Manchester
population (from ultrasounds) and found that there was
no significant difference in incidence despite medieval to
modern changes in diet, healthcare, and gene flow. These
authors go on to state that improvements in healthcare
and obstetrics then, may not impact the incidence of
dislocation.

Though invaluable in providing a diagnostic range from
large collections, such studies cannot provide references
for the deep prehistory of DDH, its prevalence among for-
aging and horticultural communities, and geographically,
ethnically, and genetically limit our understanding of the
disorder. Weighted mean prevalence of DDH is reported
in modern indigenous populations of North America to be
as high as 76.1 per 1,000 (Clabeaux, 1977; Lodder and
Skopelja, 2011), the highest rate among modern popula-
tions, yet there has been no systematic review of DDH in
prehistoric North America or any attempt to delve into
the local indigenous paleoepidemiology of this anomaly
(Kelsey, 1977; Storer and Skaggs, 2006).

The aim of this article is to (1) present the prevalence of
DDH among prehistoric and living indigenous popula-
tions of North America from available reports, (2) present
the largest specific study of DDH in a prehistoric skeletal
population from North America, and (3) discuss both the
prehistoric and modern epidemiology and pathophysiol-
ogy of DDH among indigenous North Americans within a
cultural-historical perspective with applied clinical
knowledge. It is hypothesized that the prevalence of DDH
among ancient indigenous groups of North America will
not be significantly different from their modern/ living
counterparts. Furthermore, this article will explore the

correlation of cultural practices like swaddling and cradle-
boarding with evidence of cranial deformation in combina-
tion with DDH from the target population.

Pathophysiology

About one quarter of the cases of DDH present at birth
tend to resolve without treatment as instability dimin-
ishes in the first week to first month of life due to
increased muscle tone, though some tests become less reli-
able with increasing age (Dezateux and Godward, 1998;
Tegnander et al., 1999). As diagnostic techniques have
become more sensitive, the reported incidence has risen
as less severe cases of dysplasia are more easily detected.
This does not, of course, mean that the true underlying
incidence has changed. In the case of ultrasonographic
diagnosis, some studies have reported spontaneous reso-
lution of neonate hip instability in 50% of cases after 5
days (Hadlow, 1988; Wientroub and Gill, 2000), 90% of
cases in 2 months (Barlow, 1962), and 97% of cases in 6
months (Abdinejad et al., 1996). Such cases are likely to
never be quantifiable from archaeological collections.
However, most studies have demonstrated that if disloca-
tion occurs within the first few months of life and is not
corrected, then the loss of contact between the acetabu-
lum and femoral head disrupts normal formation of the
acetabulum as well as the shape of the femoral head (Mac-
Farlane, 1980).

When the femoral head becomes dislocated, the femoral
neck remains both anteverted and in valgus as it is at
birth, instead of remodeling with advancing age to the
normal anatomical alignment seen in adults. The femoral
head and neck are then pulled proximally and laterally by
the hip adductors while walking. The repeated motion
flattens and misshapes the femoral head to appear
mushroom-shaped and the muscles anchoring the hip
joint (hamstring, hip adductors, and psoas) become short-
ened and contracted (Terjersen et al., 1996). Though the
capsule of the hip joint expands, the unused and unstimu-
lated acetabulum itself fills with fibrofatty debris (pulvi-
nar), becomes flattened and triangular, and the
acetabular labrum becomes enlarged along the superior,
posterior, and inferior rim, may become inverted, and
blocks reduction of the femoral head (Fig. 1). Similarly,
the ligamentum teres becomes hypertrophic and redun-
dant and the transverse acetabular ligament is pulled
superiorly, blocking the lower portion of the acetabulum.
In bilateral dislocation, the perineal space is widened and
therefore the greater trochanter is more prominent than
normal (producing the tell-tale DDH waddling gait), the
lumbar spine becomes hyperlordotic, and the entire pelvis
tilts anteroposteriorily with simultaneous superior elon-
gation of the auricular surface (Roposch and Wright,
2007). Hyperlordosis may result in back pain, but objec-
tive functional studies are lacking and it is generally
reported that complete bilateral dislocation causes rela-
tively mild functional limitations since leg shortening is
similar on both sides, avoiding the development of com-
pensatory scoliosis (Ortner, 2003; Storer and Skaggs,
2006).

Though traumatic hip dislocation is extremely painful,
children with DDH do not experience pain and adhere to
the same developmental ambulatory schedule as their
counterparts, though with a limp. It is only in later child-
hood and young adulthood, with the onset of secondary
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degenerative changes of the false acetabulum, knee, and
spine that pain becomes an issue. In cases of dysplasia,
pain and degenerative changes are usually not reported
in the first decade of life. Subluxation, similarly, has
been associated with sclerosis along with the weight
bearing portion of the acetabulum later in life. Early
clinical signs include groin pain in both males and
females, but females appear to succumb to pain in their
mid-30s and suffer degenerative changes in their 40s,
while males suffer pain and degeneration one to two dec-
ades later (Hartig-Andreasen et al., 2013; Jacobsen,
2007; Weinstein, 2013). In unilateral cases of dislocation,
gait disturbance is more noticeable as there is inequality
in leg length. In such cases, the contra-lateral unaffected
hip is also often found to have acetabular dysplasia and
the body adjusts to compensate for the misalignment
(Jacobsen et al., 2006). While the adductor muscles of the
thigh, in cases of dislocation, can still apply the medial
force necessary to adduct the femur, the adductor
muscles of the hip cannot initiate abduction without a
healthy acetabular joint roof to promote rotation. The
hip tilts to the side with the shortened leg (in time this
will lead to shortened and contracted muscles), which
can further result in compensatory scoliosis in order to
keep the femoral head in alignment. Such patients
acquire flexion–adduction deformities of the hip which
may lead to valgus deformities of the knee with attenua-
tion of the medial collateral ligament and lateral com-
partment degenerative joint disease (Gulati et al., 2013;
Storer and Skaggs, 2006).

Genetic and endocrine factors of etiology

DDH is considered to be a polygenic autosomal domi-
nant disorder with incomplete penetrance and penetrance
dependent upon gender (Cylander et al., 2008). Homozy-
gous recessive traits are increased in children with DDH
(Cvjeticanin and Marinkovic, 2005). Several loci for DDH
have been identified with candidate susceptibility genes
(Larchet et al., 1994) involved in bone and joint biology.
Feldman et al. (2010) mapped a DDH locus in the region
of chromosome 17q21.31-17q22, but no fewer than six
DDH susceptibility genes have been identified (GDF5,
TBX4, ASPN, IL-6, TGF-b1, PAPPA2). This region con-
tains a cluster of HOX genes that provide specific posi-
tional identities to mesenchymal cells in developing joints
(Jiang, 2003). Despite this, no unequivocal genes with
global significance have been identified. Additionally, no
differences in ABO blood types (Dai et al., 2008) or Rh
blood types (Gunther et al., 1993) have been found in
DDH. Reported frequency of concordance is �33% in
monozygotic twins and �8% in dizygotic twins (Smith and
Aase, 1979). Nevertheless, the majority of monozygotic
twins are not concordant, suggesting that an identical
genetic background and intrauterine environment does
not alone result in DDH.

Preterm infants demonstrate no increase in DDH even
after reaching normal development and gestational age
(Timmler et al., 2005). Additionally, family history for
DDH has been found in 12 to 33% (among the Navajo) of
affected patients (Coleman, 1968). A hormonal/endocrine

Fig. 1. Redrawn and modified schematic (from Mitchell and Redfern, 2008 and 2011) of the anatomical positioning and modification of the
acetabulum, femoral head, and soft tissue of a normal, dysplastic, subluxated, and dislocated hip. Arrows highlight the abnormality.
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relationship has long been suspected in DDH since it
occurs predominantly in females (80–85%). There has
been some evidence that those with DDH have joint laxity
caused by altered collagen metabolism (Carr et al., 1993;
Jensen et al., 1986) and increased serum relaxin, but with
conflicting results. Most studies have demonstrated an
increase in the type III/I collagen ratio in the hip capsule
and ligamentum teres (Skirving et al., 1984). Increased
joint laxity likely explains the early onset and increase in
inguinal hernias in DDH children (Uden and Lindhagen,
1988). Abnormal feto-placental collagen and estrogen
metabolism in a mother and child with DDH has been
described, but again, with conflicting results (McLennan
et al., 1997). Additionally, women who develop pelvic joint
instability and pain in pregnancy have an increased risk
of having a child with DDH (7–9 compared with the nor-
mal 2–3) (Forst et al., 1997; Saugstad, 1991). These
women also have higher serum relaxin levels compared
with those without pelvic pain (MacLennan et al., 1997)
in the third trimester, but there has been no correlation
between serum relaxin in umbilical cord blood and neona-
tal hip instability (Andersson et al., 2002).

Administration of progesterone in the first trimester for
pregnancies at risk of miscarriage (Katz et al., 1985)
increases the risk of DDH as does first trimester amniocent-
esis (Cederholm, et al., 2005), maternal hypothyroidism
(Ishikawa, 2008), maternal phenylketonuria (Stevenson and
Huntley, 1967) and exposure to radiation. Intrauterine toxo-
plasmosis (Thiene et al., 1968) or viral infection (Samborska
and Lembrych, 1986) does not increase the risk of DDH.
Iron deficiency anemia in fetal life may be associated with
DDH (Aksoy et al., 1967). Hip dislocation in general (though
not DDH proper) is more common in individuals with neuro-
muscular disorders, such as cerebral palsy, meningomyelo-
cele, and arthrogryposis as well as children with congenital
muscular torticollis, metatarsus adductus, spina bifida
occulta, and infantile scoliosis (Wynne-Davies, 1982). While
neuromuscular disorders can lead to hip dislocation in chil-
dren, these are distinct from DDH and should be reported in
the literature separately from DDH (as they are here). Dis-
use osteopenia in the long bones of the lower limbs (in non-
walkers), signs of flexion contractures on joints surfaces
such as the knee and ankles, and congenital structural spi-
nal abnormalities where the condition involves the spine can
distinguish DDH from hip dislocation accompanying neuro-
muscular disorders in skeletal remains.

Mechanical factors of etiology

A number of predisposing obstetric and mechanical fac-
tors have been associated with increased risk for DDH.
Lack of fetal mobility or mechanical pressure, which hin-
ders abduction and external rotation of the femur and
pressure on the greater trochanter appears to be the
prime causal factor. Logistic regression analysis demon-
strated that breech presentation, in utero postural
deformities, oligohydramnios (deficiency in amniotic
fluid), female sex, and primiparity were significant posi-
tive risk factors for DDH, while low birth weight and pre-
maturity were protective (Helmsted and Asplend, 1983;
Hinderaker et al., 1994; Lodder and Skopelja, 2011).
Other less reported associations include extrauterine
pregnancy, first trimester amniocentesis, paternal age,
and maternal stature (Wynne-Davies et al., 1982). There
is also much literature documenting the connection

between breech presentation and vertex position and
DDH occurrence (Clausen and Nielson, 1988; Lodder and
Skopelja, 2011). It is believed that in utero, knee exten-
sion of the infant in the breech position results in sus-
tained hamstring forces around the hip and contributes to
subsequent hip instability. Though breech delivery occurs
in 3 to 4% of births, 25 to 45% of children with DDH were
born breech (Hadlow, 1988). A sevenfold increase was also
reported for breech babies delivered by elective Caesarean
section (Lowry et al., 2005). Similarly, firstborn children
are also affected in 6 of 10 cases as compared with subse-
quent siblings, presumably because of an unstretched
uterus and tight abdominal structures in the mother, and
DDH occurs less frequently in multiparous women. The
left hip is also more frequently involved than the right hip
because of frequent left-side fetal positioning near the end
of pregnancy (Mahan and Kasser, 2008).

Other mechanical influences on DDH occurrence
appear related to postnatal handling of an infant. Many
pediatricians today consider swaddling, the tight wrap-
ping of an infant in cloth or bands to restrict limb move-
ment, to be a significant factor in the development of
DDH as it maintains the hip and legs in an extended and
adducted position. However, radiographs have demon-
strated that swaddled infants are allowed 15 to 20� of
abduction (Rabin et al., 1965). Swaddling is said to be
effective because it mimics the snugness of the womb and
limits the Moro reflex (Franco et al., 2005), which can
wake and aggravate an infant. Many studies have demon-
strated that swaddling decreases crying and increases the
duration of uninterrupted sleep (Caiola, 2007). For forag-
ers, swaddling and cradleboarding (cradleboarding
involves swaddling) were easy methods of transporting
infants, keeping them from harm during the daily activ-
ities of the mother, keeping them warm, and diapering
them. Wang et al. (2012) used surgical tape to swaddle
112 neonatal rats, divided into a control group and experi-
mental groups. Straight-leg swaddling was demonstrated
to increase the prevalence of DDH in this animal model
(though a non-bipedal model), especially if the swaddling
was early (first 5 days of life) or prolonged (first 10 days of
life). The severity of hip impairment varied, but both early
and prolonged swaddling resulted in more dislocations,
while late swaddling (second five days of life) resulted in
more subluxations.

Newborn swaddling has been practiced in many cul-
tures (Lipton et al., 1965) for centuries. Cultures in which
swaddling or the use of a cradleboard is especially preva-
lent have higher rates of DDH. These include Saudis
(Moussa and Alomran, 2007; Shaheen, 1989), Japanese,
Turkish (Kutlu et al., 1992), S�ami, and Native Americans
and Indigenous Peoples of Canada (Lodder and Skopelja,
2011). Infants born in colder winter months demonstrate
poorer acetabular development compared with those born
in the warmer months (Andren and Palmen, 1963; Siffel
et al., 2005) as measured by acetabular depth and acetab-
ular angles; this may explain the increase in DDH in chil-
dren born in the winter or may represent an effect of
increased swaddling or tight clothing to protect the baby
from the colder weather (Walker, 1977). In cultures where
infant transport involves abduction of the legs around the
mother (as in Hong Kong) or where swaddling is absent,
DDH is virtually unheard of (e.g. Southern Chinese, Afri-
can Bantu, Thai, North Korean, Sri Lankan) (Hoaglund
et al., 1981; Roper, 1976). For instance, Inuit mothers who

DEVELOPMENTAL DYSPLASIA OF THE HIP 119

American Journal of Human Biology



carried their young inside their parkas in a hood, abduct-
ing the hips around their backs, have a low incidence of
DDH similar to that of Europeans (Lodder and Skopelja,
2011). Although the ethnic/genetic component of the
occurrence of DDH is not clear in these cases, several
studies have demonstrated dramatic decreases in DDH
rates with population-wide educational programs which
either decreased swaddling practices, promoted extension
swaddling style, or promoted the use of diapers. Kyoto,
Japan is an excellent example of this, where the incidence
of DDH dropped from 52.9 in 1971 to 5.6 in 1976 after a
prevention campaign to avoid prolonged swaddling (Ish-
ida, 1997; Yamada, 1993). The results in Kyoto led to a
national Japanese education and prevention campaign
resulting in a more than fivefold reduction in the national
rate of DDH (Ando, 1993). A similar example can be seen
among the nomadic Swedish S�ami, where a DDH preva-
lence of 24.6–40 has fallen dramatically with both an
increasingly sedentary lifestyle and forbiddance of the use
of the cradleboard by missionary nurses (Gulati et al.,
2013; Holk, 1991; Lehtola, 2004). The current treatment
for DDH in infants involves splints or harnesses (e.g. the
Pavlik harness), surgical reduction of dislocated hip
should harness treatment fail, osteotomies of the pelvis if
the acetabulum remains dysplastic with increasing age,
and hip replacement surgery if degenerative change
occurs in the hip in adulthood (Storer and Skaggs, 2006;
Kosuge et al., 2013).

MATERIALS AND METHODS

A systematic review was performed for literature on
DDH focusing on etiology, epidemiology, diagnosis, and
case studies involving Native Americans (including the
Caribbean) and Canadian Aboriginals. Databases used in
this study included PubMed Medline, Web of Knowledge,
Google Scholar, and various anthropology search engines
and journals. Hundreds of manuscripts focused on DDH,
but reports were chosen for their breadth of scope in
regards to covering a range of etiological factors, as well
as those that focused on the target population. The litera-
ture search was based on the criteria of covering the spec-
trum of DDH, but focusing more on the etiology than
treatment or clinical diagnostics, which are in most cases
not relevant to indigenous or archaeological contexts.

The skeletal sample examined in this study consisted of
679 individuals of all ages from the Buffalo site in Putnam
County, West Virginia. During the initial period of study
(i.e. Blatt, 2012), the remains were housed at The Ohio
State University, Department of Anthropology. The Buf-
falo remains were subsequently transferred to the state of
West Virginia and are currently stored at the Delf Norona
Museum and Grave Creek Archaeological Complex in
Moundsville in a newly constructed facility dedicated to
curation and safe storage of the remains. For the current
study, permission to observe and record cases of DDH
from the Buffalo collection was obtained from both the
museum and the State of West Virginia.

The Buffalo site spans several temporal/cultural compo-
nents, but the cemetery component of the site is Fort
Ancient from the Late Prehistoric period (1490 B.P. 6 70).
The Fort Ancient tradition includes the southeastern edge
of Indiana, the southern third of Ohio, the central and
eastern portions of Kentucky, and western West Virginia.
Fort Ancient is an arbitrary regional grouping of autono-

mous villages, which can be described as transegalitarian
horticulturalists, responding in kind to varied circum-
stances and varying degrees of Mississippian influence
(Cook, 2007). Evidence of the subsistence economy at Buf-
falo is scanty; what is known about their diet conforms to
other more thoroughly examined Fort Ancient commun-
ities, in which diet overwhelmingly consisted of maize and
other domesticated subtropical plants, as well as hickory
nuts and a variety of non-domesticated fauna (marine and
terrestrial) and domestic dog (Blatt, unpublished data).

Formal excavations took place from 1960 to 1965 (Han-
son, 1975) and the site was admitted to the National
Register of Historic Places in 1971. Due to time and labor
constraints, excavations at the site were primarily con-
ducted with a bulldozer and shovel, exposing 6 m wide
trenches in 45 to 60 m intervals. This broad-scale effort
did not lend itself to complete and detailed recording of
burials and grave goods. A mortuary analysis study by
Drooker (2000) reports that during the 1964 to 1965 sea-
sons, burials were avoided, crushed, disturbed, and dis-
placed by the bulldozer, and feature locations were
recorded inaccurately. Looting and vandalization of buri-
als was an ongoing problem as well. Thus, burial number
most likely represents a minimum. This sample was cho-
sen for a study focused on DDH because (1) a number of
DDH cases had be reported previously (Blatt, 2012), (2)
the remains are well preserved and are considered repre-
sentative of the Buffalo population, and (3) this size of
this sample makes it the second largest assessment of
DDH published to date and the largest, most comprehen-
sive assessment of DDH from the prehistoric New World.

All remains were analyzed according to Standards for
Data Collection from Human Skeletal Remains (Buikstra
and Ubelaker, 1994). Sex was assigned to each individual
from pelvic and (Phenice, 1969) cranial morphology (Krog-
man and Iscan, 1986). Age was assigned to each individ-
ual from auricular surface morphology (Lovejoy et al.,
1985) and when possible combined with pubic symphysis
morphology (Meindl et al., 1985). The prevalence of DDH
out of 1,000 was calculated from the Buffalo site, other
archaeological populations, and modern clinical cases
involving Indigenous North Americans. Only cases in
which the number of total cases examined was reported
(rather than nonpopulation-based case studies) were
included in prevalence calculation, though they are listed
in Tables 3 and 4 as reference. Individuals with neuro-
muscular disorders and immature individuals where
DDH was not clearly observable from skeletal elements
were excluded from this study.

Cases of identified DDH from Buffalo were seriated in
order to identify a pattern of criteria and characteristics
associated with the increasing severity of DDH stages to
segregate criteria of dysplasia from subluxation from dis-
location within this population. In accordance with the
guidelines and classifications presented by Mitchell and
Redfern (2008, 2011) the entire pelvis and sacrum of each
individual with DDH was examined, as were the verte-
brae, femur, and upper extremities in order to gauge any
full-body patterns of skeletal modification in conjunction
with DDH. Individuals identified as having DDH were
also examined for artificial cranial deformation, including
cranial depressions produced by binding. The diagnostic
criterion for DDH (based upon the works of Mafart et al.,
2007; Mitchell and Redfern, 2008, 2011) were shallow,
irregular, or obliterated true acetabulum that were not
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capable of articulation with the femoral head, bony
changes (see Table 1 for stages) on the lateral aspect of
the ilium suggestive of the formation of a false acetabu-
lum for the displaced femoral head. As described in
Table 2, in conjunction with the pelvic abnormalities of
DDH, cases were diagnosed by the presence of supple-
mentary postcranial abnormalities such as mushroom-
shaped femoral head, short femoral neck, reduced femoral
circumference, and asymmetrical vertebral lipping.

RESULTS

Of the 679 individuals in the skeletal series, 390 adults
were suitable for observation of DDH due to reasonable
preservation of at least one hemi-pelvis. Eighteen of the
390 individuals were identified as having some form of
DDH, giving an overall minimum prevalence of 46.15 per
1,000 of the entire spectrum of the disorder in this popula-
tion. A minimum prevalence is given due the absence and/
or fragmentary nature of both halves of the pelvis for some
individuals. Four other cases of hip dislocation were
observed in individuals who also had spina bifida and there-
fore they were not included in prevalence calculations.

Three individuals had unilateral dislocation; six dis-
played bilateral dislocation; five were identified as unlilat-
eral subluxution; one bilateral subluxation; and three

appeared to have unilateral dysplasia. Consequently, the
frequency of dysplasia, subluxation, and dislocation
within this population was 0.8%, 1.5%, and 2.3%, respec-
tively. Of the unilateral cases in this study, seven

TABLE 1. Summary of paleopathological changes observed in DDH cases from the Buffalo sample (based upon the diagnostic classification of
Mitchell and Redfern, 2008, 2011)

Structure Dysplasia Subluxation Dislocation

True acetabulum Comparatively shallow and broad
with slight superior and lateral
osteophytic rim. Smooth acetabular
floor and roof.

Oval-shaped. Shallow and broad with
moderate superior and lateral
osteophytic rims (indicating labral
tears). Degenerative changes and
porosity to the superolateral rim.

Triangular with irregular and porous
floor. Cysts along margin of true
acetabulum, which may indicate
labral tearing.

False acetabulum None. None. Type 1-narrow or broad, shallow
depression with or without patchy
bone layer on the posterior and
superolateral ilium. Eburnation
may be present. Type 3-raised
“bony plaque” on the posteolateral
ilium. Eburnation occasionally
present on segments of the plaque.

Other regions of Ossa Coxa None. None. Wider greater sciatic notch, more tri-
angular obturator foramen, shorter
and broader ilium. Posterior tilting
of ilium with anteroinferior altera-
tion of sacroiliac joint.

Femoral head Normal or minimal subchondral
cysts.

Medial degenerative change or
mushroom-shaped. May show
eburnation.

Mushroom-shaped and flattened. May
show eburnation and porosity.

Femoral neck Normal to minimal anteversion. Intermediate anteversion. Short with thin circumference. Val-
gus, varus, or normal in anteropos-
terior plane.

Femoral trochanters None. May show porosity. Lesser trochanter may show subtle
lateralization. Greater trochanter
is comparatively smaller than nor-
mal and may be mushroom-shaped
and/or elongated. May be normal.

Femoral shaft None. The leg on the side with the abnormal
hip may be shorter than the contra-
lateral leg.

Smaller circumference and may be
shorter in length.

Vertebrae None. None. May have asymmetric inferior facets,
and transverse processes. Osteo-
phytes on bodies of the opposite
side of affected hip. Sacrum has lip-
ping on the affected side. May show
evidence of fusion and spina bifida.

Shoulder None. None. May show degeneration and lipping
at glenoid fossa of scapula and
humeral head on affected sides.

TABLE 2. Buffalo individuals with DDH

Indiv. Sex Age DDH type Cranium

C7-2 F – Bilateral dislocation Da

C10-16 M 20–30 Dislocation (left) D
C10-17 M 40–50 Subluxation (left) D
D10-13 F 30–40 Subluxation (left) –
D11-4 F – Bilateral dislocation (left) D
D11-20 F 30–40 Bilateral subluxation D
D11-30 M 40–50 Subluxation (right) D
E8-24 F 20–30 Dislocation (right) D
E10-14 M 18–25 Bilateral dislocation NDb

E10-74 F 20–30 Subluxation (left) D
E10-82 F 20–30 Bilateral dislocation D
E11-10 F 30–40 Bilateral dislocation D
E11-10A F 30–40 Bilateral dislocation D
E11-13 M 18–25 Dysplasia (left) D
E11-15 F 40–50 Dislocation (left) –
E11-23 F 45–55 Subluxation (left) D
E11-37 F 20–30 Subluxation (left) D
E11-39 F – Dysplasia (right) D

aDeformed crania.
bNot deformed crania.
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presented on the left side and three on the right. Of the 18
individuals, 12 of the cases are identified in females, giv-
ing a female: male ratio of 2.4:1.

Two of the types in Table 1 of false acetabula described
by Mitchell and Redfern (2008) were identified from the
Buffalo sample (Figs. 2–4). Type 1 as a narrow, shallow
depression superolateral to the true acetabulum with or
without eburnation and Type 3 as a raised bony plaque
with or without evidence of eburnation. When placing the
pelvis and sacrum in anatomical position, it appears to
lean posteriorly so that the true acetabula face anteriorly
and the iliac crest falls several centimeters posterior to
the sacrum, which in turn elongates the auricular surface.
Dislocation was also associated with a host of pathological
features found at other joints (Figs. 5 and 6). For instance,
femoral heads of affected sides were always mushroom-
shaped or flattened and the shaft and neck circumference

and length and trochanter size of the affected femur were
reduced. Additionally, several individuals showed signs of
periostitis of the lesser trochanter as result of abnormal
pull on the illiopsoas muscle. Several individuals dis-
played asymmetrical inferior processes of the lower tho-
racic and lumbar vertebrae and exaggerated lipping on
the opposite affected side and sacral lipping on the
affected side. In one individual, the glenoid fossa of the
scapula showed significant degeneration on the affected
side, possibly suggesting over compensation of upper arm
strength. Additionally, 15 of the 18 individuals had cra-
nial deformation (Table 2), one individual did not have
cranial deformation, and the cranial preservation of two
individuals was too fragmentary to determine presence or
absence of deformation.

All the clinically observed cases of DDH among indige-
nous peoples of North America have been reported from
communities that have traditionally and continually
swaddled their infants in one manner or another. These
cases are presented in Table 3. Based on ethnographic
data from northern Saskatchewan, multiple methods of
swaddling were probably used by prehistoric cultures. In
northern Saskatchewan, the Cree had no less than four
methods of swaddling, all of which bind the legs tightly
together (i.e. cradleboard, mossbag, hammock, and tight
wrapping in blankets) (Houston, 1988). Among Fort
Apache inhabitants in Arizona, incidence was 31. Among

TABLE 3. DDH prevalence per 1,000 among Indigenous North Americans

Authors Location Culture/period Sample DDH Prev.

Corrigan and Segal, 1950 Island Lake, Manitoba Cree-Ojibwa 1,253 107 35.9
Kraus and Schwartzmann, 1957 Fort Apache, AZ Apache 3,500 31 30.6
Rabin, 1965 Many Farms District, AZ Navajo 818 59 37.9
Houston and Buhr, 1966;

Houston, 1988
Northern Saskatchewan Cree 4,453 250 13.2

Salter, 1968 Ontario Navajo 2,032a 17 123
1347b 77 12.6

Coleman, 1968 Fort Defiance, Ship Rock, Gallup, NM Navajo 155 420 66.7
Walker, 1977 Island Lake, Manitoba Cree-Ojibwa 1,248 18 336.5
Pratt, 1982 Many Farms District, AZ Navajo 548c 89 32.8

270d 330
Clinical prevalence 15,624 1,113 71.2
Hooton, 1920e Madisonville, OH Fort Ancient – 1 –
Hooton, 1930e Pecos Pueblo Pre-contact – 1 –
Wakefield, 1937 Eastern Arkansas Pre-contact 100 1 10
Snow, 1948e Indian Knoll, KY Late Archaic – 2 –
Goldstein, 1957 Texas AD 800–1700 146 0 0
Morse, 1963e Stueben Village and Mounds, IL Hopewell – 1 –
McPherron, 1967e Juntunen, MI Late Woodland – 1 –
Morse, 1969e Morse, IL Pre-contact – 1 –
Miles, 1975 Mesa Verde, CO AD 750–1300 179 0 0
Clabeaux, 1977 Orchard, Ontario; Trenton, NJ Pre-contact 286 2 7
Gregg, 1981 Crow Creek, SD 14th C. 486 2 1
Pfeiffer, 1984 Uxbridge, Ontario 1490 312 1 3.2
Loveland, 1985 Red River County, TX AD 1100–1800 75 1 –
Merbs and Vestergaard, 1985 Sundown, Prescott, AZ AD 1100–1200 26 0 0
Wheeler, 1985 El Morro Valley, NM 13th C. 26 0 0
Drusini, 1987 Maguana, Santo Domingo Late 15th C. 108 5 46.3
Lahr and Bowan, 1992 Kechipawn, NM 1300–1600 54 0 0
Orton, 2003e Kwasteryerkiva (NMNH 271828) Pueblo – 1 –
Orton, 2003e Proctorville, OH (NMNH 368989) Fort Ancient – 1 –
Orton, 2003e Jones Point, AL (NMNH 372897) Pre-contact – 1 –
Present Study Buffalo, WV Fort Ancient 390 18 43.6
Archaeol. prevalence 2,198 40 17.6
Total weighted avg. 17,822 1,153 64.7

aUsed cradleboard.
bDid not use cradleboard.
cChildren.
dAdults.
ePrevalence not given or included in average because total sample number is unknown.

TABLE 4. DDH prevalence comparisona

Population Clinical prev. Archaeol. prev.

Western Europe 3.6 4.9
Eastern Europe 35.8 6
Middle East 10.6 6.2
Africa 0.06 –

aBased on the accounts of Lodder and Skopelja (2011).
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Fig. 2. Example of a raised bony plaque false acetabulum (Type 3 from criterion of Mitchell and Redfern, 2008, 2011) and triangular,
deformed true acetabulum. This individual had bilateral dislocation of the hip. Individual E10-14.

Fig. 3. Examples of Type 1 false (based on the criterion of Mitchell and Redfern, 2008, 2011) acetabulum from Buffalo. A) small, oval depres-
sion with active porosity, lipping, and centrally located eburnation. Note the degenerated and triangular true acetabulum to the right with
signs of labral tearing. From individual E11-10. B) Large, rounded depression with porosity set superior-posteriorly to the true acetabulum.
From individual E8-B24. Narrow arrows indicate true acetabula and broad arrows indicate false acetabula.
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Navajo children from Fort Defiance and Gallup, it was 67
(Coleman, 1968; Kraus and Schwatzmann, 1957). Navajo
from the Many Farms District had a prevalence of 40.1 in
children and 33.3 in adults with dysplasia to dislocation
ratios of 4.5:1 and 0.3:1.10 respectively (Pratt et al.,
1992). In another Navajo sample (Rabin et al., 1965), the
fact that dislocation was present in more adults than chil-
dren was believed to be a consequence of the recent transi-
tion from exclusive use of the cradleboard to that of
diapers. The results were not completely straightforward,
as not all cases with dislocation were cradleboarded (two
cases) and not all cradleboarded infants had DDH (a few
even showed spontaneous improvement of DDH while on
the cradleboard). Among Aboriginal groups in Ontario
(Salter, 1968) and Quebec (Ghibely, 1990) there is a 10-
fold increase in DDH (123 vs. 12.6) among cradleboard
users and the Cree-Ojibwa of Northern Saskatchewan
and Manitoba, who have a near universal practice of cra-

dleboard swaddling, have a DDH prevalence of 336 and
13.2, respectively for all ages (Houston and Burh, 1988).
Among the Cree-Ojibwa, however, 113 of the 427
untreated cases of DDH, including 21 cases of complete
dislocation, improved within the first year of life (Walker,
1977), which appears to support clinical findings of the
commonness of spontaneous correction after birth. Using
weighted averages of the reports from clinical cases, the
prevalence of DDH among all cases of living Native Amer-
ican and Aboriginal Canadian populations is 71.2. Fur-
ther, a positive family history increases the risk of DDH
(Coleman, 1968; Dogruel et al., 2008; Heikkila, 1984;
Houston and Buhr, 1988, Mamouri et al., 2004; Kremli
et al., 2003; Mirdad, 2002; Romero et al., 1989; Stein-
Zamir et al., 2008; Wynne-Davies, 1970) and among indig-
enous groups, it was 33% in the Navajo (Coleman, 1968;
Kraus and Schwartmann, 1957), in northern Saskatche-
wan Cree it was 16% in sisters and 14% in mothers (Hous-
ton and Buhr, 1988), but there was no correlation in the
Manitoba Cree-Ojibwa.

If sampling of archeological data was adequate, then
statistical analysis should reveal if differences between
prehistoric and modern prevalence were real. The data
(DDH n/sample n) were subjected to a v2 test to analyze
temporal differences (archeological vs. living) (Table 3).
With the incomplete nature of sampling archeological
materials in mind, prevalence of DDH among indigenous
North Americans is significantly different (v2 5 81.78;
P< 0.00) in prehistoric (40 of 2,198) and living (1,113 of
15,624) populations. However, it is likely that other
archaeological studies overlooked or underreported DDH.
Therefore, as the largest and only systematic archaeologi-
cal case study of DDH among Native Americans or Cana-
dian Aboriginals, the prevalence of DDH at Buffalo
(46.15) could be more realistic. If this is the case, there
could be no significant temporal differences in prevalence
(v2 5 3.24; P< 0.07).

DISCUSSION

Seriation by severity of DDH resulted in clear distinc-
tion among the three stages of the disorder. As a devel-
opmental anomaly, criteria overlap with development
from one stage of severity to another, but the common
characteristics of each stage observed in this sample are
listed in Table 1 (based on Mitchell and Redfern, 2008,
2011). Cases of dysplasia and subluxation were identi-
fied from comparatively shallow and wide true acetab-
ula. While both forms had labral lipping and
superolateral porosity, subluxed hips also had evidence
of labral tearing as well as moderate alterations to the
shape of the femoral head. As predicted, cases of disloca-
tion were immediately obvious due to the formation of a
false acetabulum and degeneration or obliteration of the
true acetabulum with or without ossified ligament
damage.

Causal factors due to intrauterine environment may
have been unimportant among indigenous North Ameri-
cans as compared with other populations. For instance,
among the Saskatchewan Cree, the unassisted birth of
large infants is frequent (which presumably means the
infant was crowded), but breech-positioned births are
extremely infrequent (Coodin et al., 1975). In cases of a
breech birth, unlike other populations, among Native
Americans and Canadian Aboriginals there is no

Fig. 4. Example of the malformation and degeneration of true ace-
tabulum from Buffalo. A) Shallow acetabulum suggestive of acetabu-
lar dysplasia. From individual E11–23. B) Fragmented (postmortem)
triangular acetabulum consistent with complete dislocation. Abnor-
mal shape and cross-hatching appearance of the lunate surface, remi-
niscent of ossificiation of connective tissue bundles. From individual
E10-82.

Fig. 5. Mushroom-shaped femoral heads. This individual had
bilateral dislocation of the hip. From individual D11-4.
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correlation between breech presentation and DDH inci-
dence (Bower et al., 1987; Walker, 1977). It is possible
that selection for easier births of large infants and women
with lax pelvic ligaments had a trade-off of increased fre-
quency of DDH. While remaining primarily closed sys-
tems in regards to gene flow, temporal change among
these indigenous groups has been found in specific cases
where modern diapers replaced the use of traditional
swaddling methods. In such cases, DDH cases have
declined from earlier records. Therefore, while the indige-
nous populations of North America may have a genetic
predisposition to DDH, and swaddling practices alone
may not cause the hip dysplasia, such practices probably
have an unfavorable effect on the future course of a dys-
plastic hip.

The increase in frequency with increase in severity is
likely due to difficulty of identifying milder forms of DDH
and the correction of mild forms before adulthood, rather
than the absolute higher frequency of dislocation. Fur-
thermore, as a developmental disorder, most cases of dys-
plasia and subluxation would likely be found in infants
and young children, which in the case of skeletal remains
has the added difficulty of identifying criteria of mild
forms of DDH in immature and unfused skeletal ele-
ments. Dislocation and subluxation are not clinically asso-
ciated with reactions in the skeleton needed by
paleopathologists to identify the disorder in skeletonized
remains. These less severe stages on the DDH spectrum
have only been clinically identified in infants with the aid
of radiography, ultrasonography, or physical examination
using the Galeazzi sign and the Ortolani or Barlow
maneuvers (Storer and Skaggs, 2006) which asses the

relationship of the femoral head to the acetabulum within
its soft tissue context. Therefore, determining prevalence
and range of DDH in a skeletal series is presented with
multiple challenges, which may have both resulted in the
infrequent reporting of DDH archaeologically and also
influenced reported differences in the epidemiology of
DDH in modern versus prehistoric and historic
populations.

Many archaeological reports of DDH are single case
studies without reference to overall population size and
most likely overlook all but severe and obvious cases of
dislocation. Therefore, though these reports used the cri-
teria of mushroom-shaped femoral head, triangular ace-
tabulum, and false acetabulum, the archaeological
prevalence of DDH in North America has most likely been
under-reported. Nevertheless, in those studies reporting
DDH where the population data are known (see Table 3),
74% were female of whom 35% demonstrated bilateral
involvement, similar to the figures of 76% female and 27%
bilateral in this review. As indicated in Table 3, including
the current sample, the total archaeological prevalence of
DDH among the prehistoric indigenous peoples of North
America was 17.6 and the weighted mean prevalence of
clinical and archaeological cases was 64.6 of 1,000. As
mentioned, these figures must be taken with caution
given the changes in criteria for identifying DDH in the
skeleton and the fragmentary nature of the archaeological
record. As such, a clinical understanding of the preva-
lence of DDH among the target population are
confounded.

Delays in the onset of walking have not been correlated
to the restraint from being cradleboarded/swaddled

Fig. 6. Full pelvic view of the modification of the position of the ilium in relation to the sacrum and the anterior position of the true acetab-
ula (A). Note the posterior placement of the iliac crest and anterior-superior tilt of the ilium (B, C). From individual E10-82.
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(Kamath and Bennet, 2004), but societal considerations
later in life influence the perceived functional ability in
cases of DDH. In a study of 420 cases of DDH in the Cree–
Ojibwa Island Lake Community population of Manitoba,
Walker (1977: 503) reported that, “functional disability in
everyday life was neither admitted nor observed . . . Peo-
ple viewed DDH in the same way as urban societies view
left-handedness. . . The sole disability admitted by an
Island Lake individual (unaffected) was that it was diffi-
cult to portage a canoe with a man who limps.”

The only reasonable means by which to infer the prac-
tice of cradleboarding and swaddling in a prehistoric com-
munity from skeletal remains is through ethnohistoric
comparison and evidence of artificial cranial deformation.
Cranial deformation is performed on infants while the
cranial bones are unfused. Ethnographic accounts con-
clude that the process requires hours of daily manipula-
tive pressure, in the form of head wrappings, bands, and/
or boards, which in turn requires swaddling constraints
(Blatt, 2010). Despite the fact that nearly all individuals
identified as exhibiting DDH had cranial deformation,
many more individuals within the entire series had
deformed crania without DDH. This suggests that the
swaddling and restraint practices involved in creating
cranial deformation cannot be said to always result in hip
adduction or extension severe enough to lead to successive
stages (therefore more easily identifiable in the skeleton)
of DDH in adults. This is compounded by the fact that, as
mentioned above, early stages of DDH have been shown
to frequently self-correct in infancy or childhood.

CONCLUSIONS

Past reports of DDH prevalence among prehistoric
Native Americans and Canadian Aboriginals may be
underestimated by lack of focus on the pathology and
identification of all its criteria, as well as small sample
sizes. Based on the holistic evidence provided here, it is
possible to begin discussing risk factors of DDH among
prehistoric populations of modern descendant at-risk
groups. Paleoepidemiology of disease in antiquity can fur-
ther provide insight into possible relationships between
modern behavior changes and disease frequency. Despite
the incomplete nature of the archaeological record, native
North Americans have the highest reported global preva-
lence of DDH now and in prehistory (Table 4). The etiol-
ogy of DDH suggests that components of both genetic
predisposition and swaddling practices have combined to
create a high-risk environment for the development of
DDH, contributing to its high prevalence within archaeo-
logical populations, like Buffalo, and modern indigenous
peoples of North America. This suggests that either mod-
ern healthcare or obstetric practices among North Ameri-
can indigenous people does not directly impact DDH
incidence (e.g. it is more genetically influenced) or that
modern innovations have not served to influence factors
related to incidence in these communities in particular.
Swaddling is still highly popular in North America and
Europe today and it is important to note that when done
properly, most modern swaddling methods and specialized
swaddling clothes, which allow infants to move and bend
their legs, are not associated with health risks. That being
said, in 2013 several states and municipalities legally
banned swaddling practices by U.S. day care workers, cit-
ing numerous harmful effects of the practice, despite

opposition from the American Academy of Pediatrics
(Karp, 2008; Pearson, 2013). So, it is clear that the cul-
tural and biological views of swaddling in regards to
infant health merit further study.

It is possible, with future advances in molecular paleo-
pathology and more specific designation of the chromo-
somes and genes involved in DDH, that the etiology of the
underlying risk of the disease in indigenous peoples of
North America will become clearer and the processes at
play be revealed more distinctly. Nevertheless, this study
attests to the importance of investigating various lines of
evidence, both pathological and ethnohistoric, to under-
stand health from a paleoepidimiological and biocultural
perspective.
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