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Abstract: In adults, developmental dysplasia of the hip (DDH) represents a spectrum of disorders. 
It is commonly found in women in routine orthopedic practice. Hip dysplasia is a leading precursor 
of joint laxity; when untreated, it can contribute to chronic modifications, such as thickening of the 
pulvinar and ligamentum teres (which can also elongate), hypertrophy of the transverse acetabular 
ligament, and osteoarthritis. DDH is presumed to be associated with alterations in pelvic morphol-
ogy that may affect vaginal birth by the reduction in the transverse diameter of the pelvic inlet or 
outlet. Here, we provide an overview of the current knowledge of pregnancy-associated DDH. We 
primarily focused on how a surgical DDH treatment might influence the pelvic shape and size and 
the effects on the mechanism of birth. We presented the female pelvis from the standpoint of bone 
and ligament morphology relative to a pelvic osteotomy. Then, we described whether the preg-
nancy was impacted by previous surgical DDH treatments, performed from infancy to adulthood. 
In conclusion, hip dysplasia is not associated with high-risk complications during pregnancy or 
with increased difficulty in vaginal delivery. 
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1. Introduction 
In adults, developmental dysplasia of the hip (DDH) represents a common disorder 

in routine orthopedic practice. The prevalence in adults varies between 0.1% and 12.8%, 
and it occurs 2.76-fold more frequently in women than in men [1–4]. Although some im-
mature hips may resolve spontaneously, in adults, untreated DDH can lead to early hip 
degenerative modifications, instability, limb shortening, cartilage reduction, postural sco-
liosis, difficulty walking, and chronic back pain [5–7]. DDH manifests in a spectrum of 
anatomical abnormalities, due to the variability in acetabular morphology. An anterior or 
anterolateral deficiency of the acetabulum, common among females, may lead to exces-
sive acetabular anteversion, hip instability, and hip dysplasia. 

Recognized since the times of Hippocrates, by the late 1980s, the spectrum of hip 
dysplasia at birth (congenital dysplasia of the hip) was well-defined. This spectrum in-
cludes subluxation (partial dislocation) of the femoral head, acetabular dysplasia, and 
complete dislocation of the femoral head from the true acetabulum. However, despite 
routine screening for hip dysplasia at birth and during infancy, many cases are not diag-
nosed until adulthood. Hip dysplasia is a leading precursor of joint laxity [8] and chronic 
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modifications, particularly osteoarthritis [9]. DDH is associated with osteoarthritis of the 
hip in 20–40% of patients [10,11]. Considered a preventable disease, an early diagnosis of 
hip dysplasia in infants is strongly desirable, because a late diagnosis increases the treat-
ment costs and disease complexity [12]. Hip dysplasia may lead to subluxation and grad-
ual dislocation. Other chronic modifications occur secondarily, such as an obstruction to 
reduction—caused by thickening of the pulvinar and ligamentum teres, elongation of the 
ligamentum teres, or hypertrophy of the transverse acetabular ligament, iliopsoas, and 
hip capsule—or anatomic changes, such as an increase in acetabular or femoral antever-
sion, flattening of the femoral head, an increase in the obliqueness and a reduction in the 
concavity of the acetabular roof, or thickening of the medial acetabular wall [13,14]. 

Some authors consider DDH at birth and DDH in early adulthood two different en-
tities. Adult DDH occurs when the hip was stable in infancy, but hip pain occurs in ado-
lescence or early adulthood. It is debatable whether adult DDH represents a milder vari-
ant of infantile DDH that escaped detection at birth, or whether it is a different type of hip 
disease [15]. 

The reported prevalence of DDH at birth varies from 1.9% to 30% of live-births, de-
pending on the case definition and ethnicity [16–18]. Female sex is a risk factor for joint 
laxity [19,20], due to the fact that females exhibit reduced hip muscle activity compared 
to men [21,22]. The incidence of DDH was reduced in preterm infants born at less than 36 
weeks of gestation [23]. That finding was counter-intuitive, explained by the enhanced 
maturity of the hip in premature infants [24,25]. DDH mostly occurs unilaterally (nearly 
65% of cases) and on the left side of the body (64.0%) [17], because in the womb, the left 
leg of the fetus is in an adducted position against the mother’s sacrum [15,26]. 

Among fertile women 15–49 years old, DDH is presumed to be associated with alter-
ations in pelvic morphology that lead to a reduction in the transverse diameter of the pel-
vic inlet or outlet [27,28]. Therefore, we investigated the importance of a DDH diagnosis 
during pregnancy. Here, we provide an overview of the current knowledge of pregnancy-
associated DDH. We primarily focused on whether surgical DDH treatment had an ob-
stetric influence on the pelvic shape and size and whether that influence affected the 
mechanism of birth. The secondary aim was to present etiological factors and the impact 
of previous surgical DDH treatments on the course of pregnancy. 

2. Classifications of the Female Pelvis, Based on Bone and Ligament Morphology, and 
Their Relationships to Pelvic Osteotomy 
2.1. Pelvis Morphology 

The pelvic girdle is formed by the articulation of the two coxal bones (right and left) 
with the sacrum bone through the sacro-spinous and sacro-tuberous ligaments. Anteri-
orly, the hip bones meet to form the pubic symphysis. Posteriorly, the hip bones unite 
with the sacrum to form the sacroiliac joints. Obstetricians use three imaginary planes to 
manage labor: the pelvic inlet, the mid pelvis, including two planes—one at the largest 
and one at the smallest diameter—and the pelvic outlet (Figure 1). 
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Figure 1. Pelvic girdle and connections through hip-joint articulations. 

During labor, the fetus undergoes a series of changes in position, attitude, and 
presentation to occupy the least amount of space in the intrauterine cavity. In preparation 
for its entry into the pelvic inlet, the fetal head diameters (i.e., in flexed cephalic presenta-
tion: the suboccipitobregmatic and biparietal diameters) and shoulder diameters (biacro-
mial) align with the transverse diameters of the pelvic inlet. The pelvic inlet is defined by 
the promontory, the anterior edge of the sacral wing, the sacroiliac symphysis, the un-
nominate line, the eminence of the iliopectineal line, the pectineal ridge, the upper edge 
of the pubic body, and the pubic symphysis. The most important obstetric diameters are 
related to the hip joints (Table 1) [29]. 

Table 1. The most important pelvic diameters in obstetrics, in relation to hip joints. 

Antero-Posterior Diameters Transverse Diameters Oblique Diameters 
Pelvic Inlet 

Promonto-suprapubic diameter (true conjugate, 
conjugate vera, anatomic conjugate): 11.5 cm 

Promonto-pubic diameter (obstetric conjugate): 
10.8–11 cm 

Maximal transverse diameter, at the 
widest point between the unnominate 

lines: 13.5 cm 
Median transverse diameter: 13 cm 

Oblique diameters right 
and left: 12 cm 

Mid-Pelvis 
Antero-posterior diameter, from S4 to S5 to the 
lower border of the pubic symphysis: 11.5 cm 

Bispinous: 10.5 cm Oblique diameters right 
and left: 11 cm 

Pelvic Outlet 
Antero-posterior diameter from the coccyx to the 
subpubic area—during the second stage of labor, 
this diameter is 9.5 cm; by mobilizing the coccyx 

posteriorly, the diameter reaches 12 cm 

Transverse diameter between ischiatic 
tuberosities: 11 cm 

Oblique diameters right 
and left: 11 cm 

As the fetus progresses through the pelvis and birth canal, it must rotate and flex to adapt to the changing shape of the 
canal. The canal tends to deepen sagittally at its midpoint (midplane), and it often enlarges transversely at the outlet. 

Based mainly on the shape of the pelvic inlet, there are four classic pelvic morpholo-
gies: gynecoid, android, anthropoid, and platypelloid. Additional morphologies can occur 
with combinations of these forms. The gynecoid pelvis is observed most frequently, and 
it is most suitable for a vaginal birth. The anatomic diameters of the gynecoid pelvis are 
presented in Table 2 [30,31]. 
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Table 2. The main diameters of the gynecoid pelvis. 

Pelvic inlet  
obstetric conjugate >10.5 cm 
transverse diameter > 13 cm 

posterior sagittal diameter > 4.5 cm 

Mid-pelvis  

Plane of greatest diameter: 
anteroposterior diameter > 12.5 cm 

transverse diameter > 12.5 cm, 
posterior sagittal diameter > 4.5 cm 

Plane of least diameter:  
anteroposterior diameter > 12 cm 
interspinous diameter > 10.5 cm 

posterior sagittal diameter > 4.5 cm 

Outlet pelvis  
anteroposterior diameter > 11 cm 
intertuberous diameter > 11 cm 

posterior sagittal diameter > 4 cm 

2.2. Pelvic Osteotomy 
The pelvic osteotomy is a surgical procedure for treating acetabular dysplasia. It al-

ters the shape and depth of the bony cup that houses the femoral joint. Various osteoto-
mies have been described, and the choice is based on patient age, the DDH stage, and the 
scope of the surgical correction. It is recognized that, when an osteotomy is performed in 
childhood, a remodeling process occurs that reconstructs the shape and structure of the 
pelvic bone [32]. Osteotomies are classified as reconstructive (e.g., the Salter, Triple oste-
otomy Steel, Carlioz and Tönnis, Ganz, or Pemberton type) or salvage (e.g., the Shelf or 
Chiari type). For children under 7 years old, the most common procedures are the Salter 
innominate osteotomy and the Pemberton osteotomy [33]. 

A periacetabular osteotomy (PAO) is a reconstructive osteotomy that allows multi-
plane reorientation. A PAO does not alter the true diameter of the pelvis or the posterior 
pillar [34,35] (Figure 2). A Salter osteotomy is a complete trans-iliac osteotomy that allows 
the entire acetabulum to be redirected and covered (Figure 3). A Pemberton acetabu-
loplasty is an incomplete osteotomy that allows the shape of the acetabulum to be modi-
fied, by hinging the horizontal branch of the triradiate cartilage. 

 
Figure 2. The PAO osteotomy—multiplane reorientation of the acetabulum. 
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Figure 3. Proper acetabular orientation after a Salter osteotomy in a 5-year-old child. (Left) Pre-
operative X-ray of the pelvis shows abnormal position of the femur head on the left side. (Right) 
Post-operative X-ray shows reorientation with good femoral head coverage and proper position-
ing of the bone graft. R: right side of patient; scale: 34.8 mm. 

2.3. Effects of a Pelvic Osteotomy on the Birth Mechanism 
A pelvic osteotomy is an important option for treating symptomatic DDH in young 

adult women of childbearing age [36,37]. In teenagers and adults with painful hip dyspla-
sia, a Ganz osteotomy is frequently performed. However, a combined procedure may be 
indicated for this situation. For example, an open reduction might be combined with a 
femoral-shortening osteotomy and an acetabular procedure. However, after surgery, a re-
dislocation and premature triradiate cartilage closure of the hip might occur. These events 
could lead to changes in pelvic morphology. An incorrect pelvic osteotomy could alter the 
geometry of the pelvic inlet or outlet and lead to complications during pregnancy or child-
birth [32,38–40]. 

A few studies with small numbers of patients and theoretical models have described 
the influence of pelvic osteotomies on pelvic morphology and the birth canal [32,38,41]. 
Those studies showed that pelvic osteotomies had no effect on the pelvic inlet, but caused 
narrowing of the pelvic outlet, particularly after the Salter (Figure 4), Sutherland, and Steel 
osteotomies. Post-surgical changes can also have clinical consequences, particularly in a 
non-gynecoid pelvis. Thus, adequate obstetric evaluations are required in case of a medi-
cal history of osteotomy. 

3. Hip Dysplasia at Birth: From Diagnosis to Appropriate Treatment 
Screening programs for DDH are a debatable topic [42,43]. They include a clinical 

examination at birth, an ultrasound hip examination in the first 3 months (universal or 
targeted to high-risk groups), or a combination of the two. Late DDH detection was found 
to increase treatment costs significantly [44]. In Romania, clinical screenings at birth by 
neonatologists and universal ultrasounds are recommended, but there is no national 
screening program. 

The main risk factors for DDH were found to be a family history, breech presentation, 
and female sex. Additionally, DDH was associated with the first-born infant, left-side hip 
dysplasia, and the mode of delivery [16]. 

A family history of DDH increases the risk of developing DDH. First-degree relatives 
of DDH had a 12-fold higher risk of developing a DDH, while second-grade relatives had 
a 1.7-fold risk [43,45]. 

A breech presentation occurs more frequently with female infants than with male 
infants [46]. A meta-analysis of 20,196 newborns showed that the relative risk (RR) of 
DDH was 3.75 (95% confidence interval (CI): 2.25–6.24) for breech presentations, com-
pared to non-breech presentations, the RR was 1.39 (95% CI: 1.23–1.57) for family history, 
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compared to no family history, and the RR was 2.54 (95% CI: 2.11–3.05) for newborn fe-
males compared to newborn males [16]. The risk was also higher for the first-born infant, 
compared to subsequent infants, with an RR of 1.44 (95% CI: 1.12–1.86) [16]. Moreover, 
many studies reported that the occurrence of DDH was significantly higher on the left 
side than on the right side of the body [47–50]. 

Other risk factors for DDH were reported to be associated with specific circum-
stances, such as: oligohydramnios, the presence of torticollis, and a foot deformity. Many 
genetic syndromes (e.g., Beukes hip dysplasia) and cerebral palsy were associated with 
DDH [51]. However, a systematic literature review of population-based studies revealed 
that only 10–27% of all infants diagnosed with DDH had the identified risk factors [52]. 

It has often been reported that DDH is hereditary in families [53–55]. A genetic pre-
disposition for DDH with an autosomal-dominant transmission mode was linked to chro-
mosomes 4q35, 13q22, and 17q21. More than 25 genes have been associated with DDH, 
frequently the HOX, TENM3, and PAPPA2 genes. Currently, genes implicated in chon-
drogenesis, chondrocyte differentiation, osteogenesis, and ligament and bone formation 
are under investigation [56–60]. Additionally, genes such as GDF5 rs143383 and rs143384 
were reported by European authors to be associated with DDH TENM3, and HOX genes 
were more studied outside of Europe [53]. Rouault et al. even reported no association of 
HOXB9 and COL1A1 in the French population [61]. 

In a recent meta-analysis, Kenanidis et al. founded specific gene polymorphisms 
(SNPs) associated with the severity of DDH. The following SNPs: rs143383 of GDF5 gene 
rs2303486 of HOXB9 gene, and rs3744448 of the Tbx4 gene, and homozygosity for the mu-
tant Taq I Vitamin D receptor t allele and Pvu II pp estrogen receptor genotype, were 
founded in severe forms of the disease [62]. 

In a clinical examination conducted at birth, DDH can be diagnosed based on a 
limb-length discrepancy, laxity, hip immaturity, and severe dysplasia in the hip. In an 
arthrogram, a neolimbus—a margin of hyaline cartilage—can be found at the ridge of the 
acetabulum [63]. Other signs are revealed with specific tests. For example, when the Or-
tolani and Barlow maneuvers are performed at birth and in the neonatal period [64], the 
femoral head passes over the acetabular ridge [55]. In normal hips, stability is increased 
by the everted labrum. However, the test is considered positive when a ‘clunk’ (or insta-
bility) is felt as the femoral head dislocates (Barlow maneuver) or relocates (Ortolani ma-
neuver). However, clicks felt during the clinical examination have no clinical significance 
[65]. 

A clinical examination may be combined with an ultrasound hip evaluation at 6 
weeks of life to support the diagnosis and to diagnose subtler signs of dysplastic hips at 
birth [6,66,67]. However, a Cochrane review concluded that no study has definitively 
demonstrated that either a universal or a targeted ultrasound strategy could improve the 
clinical outcome, including late-diagnosed DDH and surgery [67]. Thus, the prescription 
was ultimately left to the discretion of the attending physician. Infants with positive ul-
trasound findings are treated with a Pavlik harness, which prevents extension and adduc-
tion of the hip joint [68]. In randomized trials, universal ultrasound screening versus clin-
ical examination has not proved its high-quality and utility in reducing the incidence of 
late cases of dysplasia [43,69,70]. Still, screening practices in many countries are similar. 
However, the studied parameters (related to the late occurrence of DDH, to ultraso-
nographic parameters, to experience of ultra-sonographers) may differ, making the com-
parison between screening programs irrelevant. 

It is thus even more important that a thorough screening program is needed, adding 
genetic testing for familial cases [71]. 

Radiographs are typically acquired after the age of 3 months, when the ossification 
of the proximal femoral epiphysis is complete. Dislocated or dislocatable newborn hips 
that were identified and treated in the neonatal period more often showed normal growth, 
radiologically, and required less surgical intervention than those diagnosed and treated 
later in life. In 1879, Roser proposed a prevention program [72] which included the early 
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diagnosis of DDH in the newborn and a fixation of the child's hip in abduction. Subse-
quently, Roser's proposals were supported by the successful results reported by Froelich 
in 1906, Le Danamy in 1911, and Putti in 1929 [73]. 

DDH treatment varies with age. Before 3 months old, the Pavlik harness is the pri-
mary choice. When that fails, a closed reduction and spica cast are applied in infants 6 to 
18 months old, and after 18 months old, an open reduction and spica cast are indicated. 
After 2 years of age, DDH is treated with an open reduction and a femoral osteotomy or 
pelvic osteotomy [74–77]. DDH must be treated early to achieve the best outcomes. The 
goal of treatment is to obtain a congruent, reduced hip in a well-covered acetabulum. Sur-
geries—such as an open reduction or femoral osteotomy—would not change the shape of 
the pelvis; indeed, the pelvis is normal in size and shape for most women with hip dys-
plasia. 

Pelvic surgery performed in childhood has shown high potential for remodeling. 
Any surgery prior to the age of six years can achieve full recovery, and in adulthood, the 
patient can accommodate a natural pregnancy and childbirth. When pelvic surgery is per-
formed after six years of age, the pelvic bones may be modified and cause birth complica-
tions. In these cases, it would be useful to know what type of surgery was performed on 
the pelvis. The pelvic diameter would not be limited by a PAO. However, the less common 
types of pelvic surgery might cause concern, including the Steel, Chiari, Sutherland, and 
Salter osteotomies, when performed on both hips or after the age of six years. The Salter, 
Dega, and other types of surgery are performed in young children, and thus, they should 
not present problems. 

Left untreated, DDH can lead to various scenarios, including normal development, 
hip subluxation, a completely dislocated hip, and a reduced hip with acetabular dysplasia. 
The evolution of DDH is unknown. Therefore, all DDHs are treated. The long-term evo-
lution depends on the presence or absence of bilateral false acetabulums and hip congru-
ency. 

4. Management of Pregnancy Associated with Maternal DDH 
The management of pregnancy-associated hip dysplasia first requires recognition of 

the condition. Management also requires a multidisciplinary team, which includes an ob-
stetrician, orthopedic surgeon, general practitioner, midwife, anesthetist, and physiother-
apist. 

Pregnancy is a physiological state characterized by hormonal, metabolic, vascular, 
and postural changes that are likely to give rise to joint laxity and a wide variety of mus-
culoskeletal problems. The enlargement of the uterus combined with maternal weight 
gain modifies the body’s center of gravity and applies mechanical stress on the articula-
tions [78,79], including the acetabulofemoral joint (hip joint). The capsular ligaments in 
the hip joints (iliofemoral, ischiofemoral, and pubofemoral) are essential for joint stability, 
static posture, and functional mobility. The iliofemoral ligament reinforces the capsule 
during external rotation and extension. The ischiofemoral ligament reinforces the capsule 
during internal rotation in neutral positions and in combined flexion-adduction positions. 
The pubofemoral ligament restricts excessive abduction and external rotation during hip 
extension [80]. The labrum and the ligamentum teres serve as secondary restraints in 
wider external rotations. The structures of the capsule, the labrum, and the zona orbicu-
laris are crucial for rotational and hip stability in distraction [81,82]. 

Pregnancy is also associated with reductions in the bone mineral status of the whole 
body and in the hip region [83], and rarely, with transient osteoporosis of the hip [84]. The 
estimated prevalence of pregnancy-related pelvic girdle pain was about 20% [85]. In ad-
dition, during pregnancy, joint pain and the sensation of stiffness and aching in the hips, 
elbows, knees, fingers, and ankles are common—particularly in the third trimester. A 
study of 72 pregnant women found a relationship between narrow bilateral ischial tuber-
osity diameters and a high score in pregnancy-related sacroiliac joint pain during different 
activities [86]. 
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The clinical presentation of acetabular dysplasia can vary. In some cases, the patient 
has a known history of DDH that developed in childhood and was treated. In other cases, 
the clinical signs and symptoms can be subtle. The European Guidelines for the Diagnosis 
and Treatment of Pelvic Girdle Pain have recommended inspections of walking, posture, 
and pelvic tilt, palpation of ligaments and muscles, tests for a locked sacroiliac joint, and 
pain provocation tests for the sacroiliac joint and the pubic symphysis [85]. These recom-
mendations are feasible to perform in the first trimester of pregnancy, but they are very 
difficult to perform in the third trimester or during labor. The most common symptoms 
that merit attention are groin pain and a trendelenburg gait and limp pattern, when the 
pelvis is dropped on to the contralateral side while walking. Pain provocation tests of the 
sacroiliac joint—particularly Patrick’s test (also known as the Faber test, where pressure 
is applied after flexion, abduction, and external rotation of the leg, with the patient in the 
supine position) and Menell’s test (pressure applied to the tuber ischiadicum, with the 
patient in the prone position, while extending the leg)—have high sensitivity and speci-
ficity for problems with hip articulation. 

The first type of DDH includes frank hip dysplasia, defined as a lateral center-edge 
angle (LCEA) ˂  20°, and borderline hip dysplasia, which is most often defined as an LCEA 
of 20–25°. The LCEA measures the degree of lateral acetabular bony coverage [15,87,88]. 
This measurement requires X-ray imaging. Although this imaging exposes the fetus to 
cumulative doses below 100 mGy—which are not associated with deterministic effects—
hip radiography and magnetic resonance imaging should not be used until after birth [89]. 
Moreover, hip ultrasound imaging during pregnancy provides very inconclusive and un-
usual results. 

A second type of DDH occurs after a pelvic osteotomy. Most patients that undergo a 
pelvic osteotomy are young women of childbearing age. Thus, the question arises whether 
an unsuccessful pelvic osteotomy could potentially lead to childbearing and delivery com-
plications. It is important to assess the diameter of the true pelvis in an orthopedic evalu-
ation prior to deciding on the type of delivery. 

The standard postoperative evaluation after a pelvic osteotomy includes a clinical 
evaluation that assesses the mobility, gait, and associated pain. This evaluation is typically 
followed by a radiographic evaluation, with X-rays and computed tomography. 

All studies have shown that pregnancy-associated hip dysplasia was uneventful. The 
conclusions were unanimous that a cesarean section was not systematically indicated. 
Fluckiger et al. found that a PAO did not influence the inner anatomy of the pelvis or the 
birth canal; consequently, a natural birth was performed without complications. The fol-
lowing measurements, averaged over 17 women, showed no significant changes after a 
PAO: the pelvic entrance (pre-PAO: 15.4 cm, post-PAO: 15.7 cm), the mid-pelvis (pre-
PAO: 11.8 cm, post-PAO: 11.8 cm), and the pelvic outlet (pre-PAO: 14.2 cm, post-PAO: 
13.7 cm) [41]. Valenzuela et al. found that pelvic pain during pregnancy occurred due to 
the decrease in range of motion that occurred when the medialization of the hip center of 
rotation was less than 5 mm [90]. 

The third type of DDH occurs during pregnancy, in women with uni- or bi-lateral 
hip prostheses after a total hip arthroplasty, due to previous inflammatory arthritis, oste-
onecrosis, or congenital hip dysplasia. Sierra et al. analyzed 47 patients and found that 
hip prostheses had not dislocated, fractured, or loosened during pregnancy or childbirth.  

However, in women with hip prostheses, precautions should be taken during a vag-
inal delivery. The hip should be maintained in flexion at 90°, and internal rotation should 
be limited to ensure that the joint is positioned as close to neutral as possible [91]. 
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5. Conclusions 
Patients with DDH can experience successful pregnancies and childbirth. Orthopedic 

alliances or screening programs in countries could and should work on a guideline for 
DDH screening which could make all diagnoses and treatments faster. It can further affect 
patient care and lessen the debilitating effect on patients and also the economic burden it 
causes. Hip dysplasia alone is not associated with high-risk pregnancies, complications, 
or increased difficulty in vaginal deliveries. During pregnancy, it is necessary to check the 
medical history, and when clinical symptoms are suggestive of DDH, a multidisciplinary 
team should be consulted. Before labor, a clinical evaluation of the pelvis must be per-
formed, including hip mobility testing combined with a fetal ultrasound evaluation to 
determine the presentation and biometric parameters. When the pelvis is amenable to a 
vaginal delivery, there are no particular precautions, other than to position the patient 
appropriately during the second stage of labor. The need for a caesarean section is rarely 
influenced by hip dysplasia or a previous surgery for hip dysplasia. For all these reasons, 
physicians must be correctly informed about hip dysplasia and must provide adequate 
information to the family. 

Author Contributions: Conceptualization, A.A.S.; methodology, A.A.S.; software, A.A.S, A.M.A.S., 
M.M.C., C.C., and B.C. validation, A.A.S., A.M.A.S., M.M.C., C.C., and B.C.; formal analysis, A.A.S, 
M.M.C., C.C., A.M.A.S., and B.C.; investigation, A.A.S., M.M.C., C.C., A.M.A.S., and B.C.; data cu-
ration, A.A.S. and B.C.; writing—original draft preparation, A.A.S. and B.C.; writing—review and 
editing, A.A.S., M.M.C., C.C., A.M.A.S., and B.C.; visualization, A.A.S., M.M.C., C.C., A.M.A.S., and 
B.C.; supervision, M.M.C. and C.C.; project administration, A.A.S. and A.M.A.S. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Written informed consent has been obtained from the patient to pub-
lish this paper. 

Data Availability Statement: Not applicable 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Manaster, B.J. Adult Chronic Hip Pain: Radiographic Evaluation1. Radiographics 2000, 20, doi:10.1148/radi-

ographics.20.suppl_1.g00oc06s3. 
2. Bracken, J.; Tran, T.; Ditchfield, M. Developmental dysplasia of the hip: Controversies and current concepts. J. Paediatr. Child 

Health 2012, 48, 963–973, doi:10.1111/j.1440-1754.2012.02601.x. 
3. Gosvig, K.K.; Jacobsen, S.; Sonne-Holm, S.; Palm, H.; Troelsen, A. Prevalence of Malformations of the Hip Joint and Their Rela-

tionship to Sex, Groin Pain, and Risk of Osteoarthritis. J. Bone Jt. Surg. Am. Vol. 2010, 92, 1162–1169, doi:10.2106/jbjs.h.01674. 
4. Jacobsen, S.; Sonne-Holm, S. Hip dysplasia: A significant risk factor for the development of hip osteoarthritis. A cross-sectional 

survey. Rheumatology 2005, 44, 211–218, doi:10.1093/rheumatology/keh436. 
5. Hines, A.C.; Neal, D.; Beckwith, T.; Jo, C.; Kim, H.K. A Comparison of Pavlik Harness Treatment Regimens for Dislocated But 

Reducible (Ortolani+) Hips in Infantile Developmental Dysplasia of the Hip. J. Pediatr. Orthop. 2019, 39, 505–509, 
doi:10.1097/bpo.0000000000001052. 

6. LeBa, T.-B.; Carmichael, K.D.; Patton, A.G.; Morris, R.P.; Swischuk, L.E. Ultrasound for Infants at Risk for Developmental Dys-
plasia of the Hip. Orthopedics 2015, 38, e722–e726, doi:10.3928/01477447-20150804-61. 

7. Õmeroğlu, H. Use of ultrasonography in developmental dysplasia of the hip. J. Child. Orthop. 2014, 8, 105–113, 
doi:10.1007/s11832-014-0561-8. 

8. Wynne-Davies, R. Acetabular dysplasia and familial joint laxity: Two etiological factors in congenital dislocation of the hip. A 
review of 589 patients and their families. J. Bone Joint. Surg. Br. 1970, 52, 704–716. 

9. Yoshimura, N.; Campbell, L.; Hashimoto, T.; Kinoshita, H.; Okayasu, T.; Wilman, C.; Coggon, D.; Croft, P.; Cooper, C. Acetab-
ular dysplasia and hip osteoarthritis in Britain and Japan. Rheumatology 1998, 37, 1193–1197, doi:10.1093/rheumatol-
ogy/37.11.1193. 

10. Gala, L.; Clohisy, J.C.; Beaulé, P.E. Hip Dysplasia in the Young Adult. J. Bone Jt. Surgery-American Vol. 2016, 98, 63–73, 
doi:10.2106/jbjs.o.00109. 



Medicina 2021, 57, 655 10 of 12 
 

 

11. Wedge, J.; Wasylenko, M. The natural history of congenital disease of the hip. J. Bone Jt. Surgery. Br. Vol. 1979, 61-B, 334–338, 
doi:10.1302/0301-620x.61b3.158025. 

12. Price, C.T.; Ramo, B.A. Prevention of Hip Dysplasia in Children and Adults. Orthop. Clin. North Am. 2012, 43, 269–279, 
doi:10.1016/j.ocl.2012.05.001. 

13. Weinstein, S.L.; Mubarak, S.J.; Wenger, D.R. Developmental hip dysplasia and dislocation: Part I. Instr. Course Lect. 2004, 53, 
523–530. 

14. Weinstein, S.L.; Mubarak, S.J.; Wenger, D.R. Developmental hip dysplasia and dislocation: Part II. Instr. Course Lect. 2004, 53, 
531–542. 

15. Lee, C.B.; Mata-Fink, A.; Millis, M.B.; Kim, Y.-J. Demographic Differences in Adolescent-diagnosed and Adult-diagnosed Ace-
tabular Dysplasia Compared With Infantile Developmental Dysplasia of the Hip. J. Pediatr. Orthop. 2013, 33, 107–111, 
doi:10.1097/bpo.0b013e3182745456. 

16. Ortiz-Neira, C.L.; Paolucci, E.O.; Donnon, T. A meta-analysis of common risk factors associated with the diagnosis of develop-
mental dysplasia of the hip in newborns. Eur. J. Radiol. 2012, 81, e344–e351, doi:10.1016/j.ejrad.2011.11.003. 

17. Loder, R.T.; Skopelja, E.N. The Epidemiology and Demographics of Hip Dysplasia. ISRN Orthop. 2011, 2011, 1–46, 
doi:10.5402/2011/238607. 

18. Woodacre, T.; Ball, T.; Cox, P. Epidemiology of developmental dysplasia of the hip within the UK: Refining the risk factors. J. 
Child. Orthop. 2016, 10, 633–642, doi:10.1007/s11832-016-0798-5. 

19. Aronsson, D.D.; Goldberg, M.J.; Kling, T.F Jr.; Roy, D.R. Developmental dysplasia of the hip. Pediatrics 1994, 94, 201–208. 
20. Uhorchak, J.M.; Scoville ,C.R.; Williams, G.N.; Arciero, R.A.; St Pierre, P.; Taylor, D.C. Risk factors associated with noncontact 

injury of the anterior cruciate ligament: A prospective four-year evaluation of 859 West Point cadets. Am J Sports Med. 2003, 31, 
831–842, doi.org/10.1177%2F03635465030310061801. 

21. Zazulak, B.T.; Ponce, P.L.; Straub, S.J.; Medvecky, M.J.; Avedisian, L.; Hewett, T.E. Gender Comparison of Hip Muscle Activity 
During Single-Leg Landing. J. Orthop. Sports Phys. Ther. 2005, 35, 292–299, doi:10.2519/jospt.2005.35.5.292. 

22. Zeller, B.L.; McCrory, J.L.; Ben Kibler, W.; Uhl, T.L. Differences in Kinematics and Electromyographic Activity between Men 
and Women during the Single-Legged Squat. Am. J. Sports Med. 2003, 31, 449–456, doi:10.1177/03635465030310032101. 

23. Lange, A.E.; Lange, J.; Ittermann, T.; Napp, M.; Krueger, P.-C.; Bahlmann, H.; Kasch, R.; Heckmann, M. Population-based study 
of the incidence of congenital hip dysplasia in preterm infants from the Survey of Neonates in Pomerania (SNiP). BMC Pediatr. 
2017, 17, 78, doi:10.1186/s12887-017-0829-5. 

24. Hinderaker, T.; Daltveit, A.K.; Irgens, L.M.; Udén, A.; Reikeräs, O. The impact of intra-uterine factors on neonatal hip instability: 
An analysis of 1,059,479 children in Norway. Acta Orthop. Scand. 1994, 65, 239–242, doi:10.3109/17453679408995446. 

25. Chan, A.; A McCaul, K.; Cundy, P.J.; A Haan, E.; Byron-Scott, R. Perinatal risk factors for developmental dysplasia of the hip. 
Arch. Dis. Child. Fetal Neonatal Ed. 1997, 76, F94–F100, doi:10.1136/fn.76.2.f94. 

26. Dunn, P.M. Perinatal observations on the etiology of congenital dislocation of the hip. Clin. Orthop. Relat. Res. 1976, 119, 11–22. 
27. Kojima, S.; Kobayashi, S.; Saito, N.; Nawata, M.; Horiuchi, H.; Takaoka, K. Morphological characteristics of the bony birth canal 

in patients with developmental dysplasia of the hip (DDH): Investigation by three-dimensional CT. J. Orthop. Sci. 2001, 6, 217–
222, doi:10.1007/s007760100037. 

28. Kojima, S.; Kobayashi, S.; Saito, N.; Nawata, M.; Horiuchi, H.; Takaoka, K. Three-dimensional computed tomography evalua-
tion of bony birth canal morphologic deformity (small pelvic cavity) after dome pelvic osteotomy for developmental dysplasia 
of the hip. Am. J. Obstet. Gynecol. 2002, 187, 1591–1595, doi:10.1067/mob.2002.126852. 

29. Savulescu, D. Labour, delivery and Pelvic bone. In Obstetrics, 1 st ed.; Editura Medicala: Bucharest, Romania, 1956; pp. 161–167. 
30. Longo, L.D. Classic pages in obstetrics and gynecology. Anatomical variations in the female pelvis and their effect in labor with 

a suggested classification. William Edgar Caldwell and Howard Carmen Moloy. American Journal of Obstetrics and Gynecol-
ogy, vol. 26, pp. 479-505, 1933. Am. J. Obstet. Gynecol. 1977, 127, 479–505. 

31. Maharaj, D. Assessing Cephalopelvic Disproportion: Back to the Basics. Obstet. Gynecol. Surv. 2010, 65, 387–395, 
doi:10.1097/ogx.0b013e3181ecdf0c. 

32. Winkelmann, W. The narrowing of the bony pelvic cavity (birth canal) by the different osteotomies of the pelvis. Arch. Orthop. 
Trauma Surg. 1984, 102, 159–162, doi:10.1007/bf00575225. 

33. Pemberton, P.A. Pericapsular Osteotomy of the Ilium for Treatment of Congenital Subluxation and Dislocation of the Hip. J. 
Bone Jt. Surg. Am. Vol. 1965, 47, 65–86, doi:10.2106/00004623-196547010-00004. 

34. Ganz, R.; Klaue, K.; Vinh, T.; Mast, J.W. A new periacetabular osteotomy for the treatment of hip dysplasias. Technique and 
preliminary results. Clin. Orthop. Relat. Res. 1988, 232, 26–36. 

35. Trousdale, R.T.; Ekkernkamp, A.; Ganz, R.; Wallrichs, S.L. Periacetabular and intertrochanteric osteotomy for the treatment of 
osteoarthrosis in dysplastic hips. J. Bone Jt. Surg. Am. Vol. 1995, 77, 73–85, doi:10.2106/00004623-199501000-00010. 

36. Murphy, S.B.; Kijewski, P.K.; Millis, M.B.; Harless, A. Acetabular dysplasia in the adolescent and young adult. Clin. Orthop. 
Relat. Res. 1990, 261, 214–223. 

37. Trumble, S.J.; A Mayo, K.; Mast, J.W. The periacetabular osteotomy. Minimum 2 year followup in more than 100 hips. Clin. 
Orthop. Relat. Res. 1999, 54–63. 

38. Loder, R.T.; Karol, L.A.; Johnson, S. Influence of pelvic osteotomy on birth canal size. Arch. Orthop. Trauma Surg. 1993, 112, 210–
214, doi:10.1007/bf00451876. 



Medicina 2021, 57, 655 11 of 12 
 

 

39. Trousdale, R.T.; Cabanela, M.E.; Berry, D.J.; Wenger, D.E. MAGNETIC RESONANCE IMAGING PELVIMETRY BEFORE AND 
AFTER A PERIACETABULAR OSTEOTOMY. J. Bone Jt. Surg. Am. Vol. 2002, 84, 552–556, doi:10.2106/00004623-200204000-00007. 

40. Varner, M.W.; Cruikshank, D.P.; Laube, D.W. X-ray pelvimetry in clinical obstetrics. Obstet. Gynecol. 1980, 56, 296–299. 
41. Flückiger, G.; Eggli, S.; Kosina, J.; Ganz, R. Birth after bernese periacetabular osteotomy. Der Orthopäde 2000, 29, 0063–0067, 

doi:10.1007/s001320050009. 
42. Paton, R.W. Screening in Developmental Dysplasia of the Hip (DDH). Surgery 2017, 15, 290–296, doi:10.1016/j.surge.2017.05.002. 
43. Vaquero-Picado, A.; González-Morán, G.; Gil Garay, E.; Moraleda, L. Developmental dysplasia of the hip: Update of manage-

ment. EFORT Open Rev. 2019, 4, 548–556, doi:10.1302/2058-5241.4.180019. 
44. Woodacre, T.; Dhadwal, A.; Ball, T.; Edwards, C.; Cox, P.J.A. The costs of late detection of developmental dysplasia of the hip. 

J. Child. Orthop. 2014, 8, 325–332, doi:10.1007/s11832-014-0599-7. 
45. Stevenson, D.A.; Mineau, G.; Kerber, R.A.; Viskochil, D.H.; Schaefer, C.; Roach, J.W. Familial Predisposition to Developmental 

Dysplasia of the Hip. J. Pediatr. Orthop. 2009, 29, 463–466, doi:10.1097/bpo.0b013e3181aa586b. 
46. Weinstein, S.L. Natural history of congenital hip dislocation (CDH) and hip dysplasia. Clin. Orthop. Relat. Res. 1987, 225, 62–76. 
47. Akman, A.; Korkmaz, A.; Aksoy, M.C.; Yazici, M.; Yurdakök, M.; Tekinalp, G. Evaluation of risk factors in developmental 

dysplasia of the hip: Results of infantile hip ultrasonography. Turk. J. Pediatr. 2007, 49. 
48. Bache, C.; Clegg, J.; Herron, M. Risk factors for developmental dysplasia of the hip: Ultrasonographic findings in the neonatal 

period. J. Pediatr. Orthop. 2002, 11, 212–218. 
49. Hadlow, V. Neonatal detection of developmental dysplasia of the hip (DDH). J. Bone Jt. Surgery. Br. Vol. 1999, 81, 744, 

doi:10.1302/0301-620x.81b4.0810744. 
50. Rosendahl, K.; Markestad, T.; Lie, R.T. Ultrasound screening for developmental dysplasia of the hip in the neonate: The effect 

on treatment rate and prevalence of late cases. Pediatrics 1994, 94, 47–52. 
51. Scrutton, D.; Baird, G.; Smeeton, N. Hip dysplasia in bilateral cerebral palsy: Incidence and natural history in children aged 18 

months to 5 years. Dev. Med. Child Neurol. 2001, 43, 586–600, doi:10.1017/s0012162201001086. 
52. Shipman, S.A.; Helfand, M.; Moyer, V.A.; Yawn, B.P. Screening for Developmental Dysplasia of the Hip: A Systematic Literature 

Review for the US Preventive Services Task Force. Pediatrics 2006, 117, e557–e576, doi:10.1542/peds.2005-1597. 
53. Gkiatas, I.; Boptsi, A.; Tserga, D.; Gelalis, I.; Kosmas, D.; Pakos, E. Developmental dysplasia of the hip: A systematic literature 

review of the genes related with its occurrence. EFORT Open Rev. 2019, 4, 595–601, doi:10.1302/2058-5241.4.190006. 
54. Čengić, T.; Trkulja, V.; Pavelic, S.K.; Ratkaj, I.; Markova-Car, E.; Mikolaučić, M.; Kolundzic, R. Association of TGFB1 29C/T and 

IL6 -572G/C polymorphisms with developmental hip dysplasia: A case–control study in adults with severe osteoarthritis. Int. 
Orthop. 2015, 39, 793–798, doi:10.1007/s00264-015-2675-0. 

55. Feldman, G.J.; Peters, C.L.; Erickson, J.A.; Hozack, B.A.; Jaraha, R.; Parvizi, J. Variable Expression and Incomplete Penetrance 
of Developmental Dysplasia of the Hip: Clinical Challenge in a 71-Member Multigeneration Family. J. Arthroplast. 2012, 27, 527–
532, doi:10.1016/j.arth.2011.10.016. 

56. Feldman, G.; Dalsey, C.; Fertala, K.; Azimi, D.; Fortina, P.; Devoto, M.; Pacifici, M.; Parvizi, J. The Otto Aufranc Award: Identi-
fication of a 4 Mb Region on Chromosome 17q21 Linked to Developmental Dysplasia of the Hip in One 18-member, Multigen-
eration Family. Clin. Orthop. Relat. Res. 2010, 468, 337–344, doi:10.1007/s11999-009-1073-6. 

57. Jiang, J.; Ma, H.W.; Lu, Y.; Wang, Y.P.; Wang, Y.; Li, Q.W.; Ji, S.J. Transmission disequilibrium test for congenital dislocation of 
the hip and HOXB9 gene or COL1AI gene. Zhonghua Yi Xue Yi Chuan Xue Za Zhi. 2003, 20, 193–195. (In Chinese). 

58. Harsanyi, S.; Zamborsky, R.; Krajciova, L.; Kokavec, M.; Danisovic, L. Developmental Dysplasia of the Hip: A Review of Eti-
opathogenesis, Risk Factors, and Genetic Aspects. Medicines 2020, 56, 153, doi:10.3390/medicina56040153. 

59. Jia, J.; Li, L.; Zhao, Q.; Zhang, L.; Ru, J.; Liu, X.; Li, Q.; Shi, L. Association of a single nucleotide polymorphism in pregnancy-
associated plasma protein-A2 with developmental dysplasia of the hip: A case–control study. Osteoarthr. Cartil. 2012, 20, 60–63, 
doi:10.1016/j.joca.2011.10.004. 

60. Harsanyi, S.; Zamborsky, R.; Kokavec, M.; Danisovic, L. Genetics of developmental dysplasia of the hip. Eur. J. Med Genet. 2020, 
63, 103990, doi:10.1016/j.ejmg.2020.103990. 

61. Rouault, K.; Scotet, V.; Autret, S.; Gaucher, F.; Dubrana, F.; Tanguy, D.; El Rassi, C.Y.; Fenoll, B.; Férec, C. Do HOXB9 and 
COL1A1 genes play a role in congenital dislocation of the hip? Study in a Caucasian population. Osteoarthr. Cartil. 2009, 17, 
1099–1105, doi:10.1016/j.joca.2008.12.012. 

62. Kenanidis, E.; Gkekas, N.; Karasmani, A.; Anagnostis, P.; Christofilopoulos, P.; Tsiridis, E. Genetic Predisposition to Develop-
mental Dysplasia of the Hip. J. Arthroplast. 2020, 35, 291–300.e1, doi:10.1016/j.arth.2019.08.031. 

63. Landa, J.; Benke, M.; Feldman, D.S. The Limbus and the Neolimbus in Developmental Dysplasia of the Hip. Clin. Orthop. Relat. 
Res. 2008, 466, 776–781, doi:10.1007/s11999-008-0158-y. 

64. Mulpuri, K.; Song, K.M.; Gross, R.H.; Tebor, G.B.; Otsuka, N.Y.; Lubicky, J.P.; Szalay, E.A.; Harcke, H.T.; Zehr, B.; Spooner, A.; 
et al. The American Academy of Orthopaedic Surgeons Evidence-Based Guideline on Detection and Nonoperative Management 
of Pediatric Developmental Dysplasia of the Hip in Infants up to Six Months of Age. J. Bone Jt. Surg. Am. Vol. 2015, 97, 1717–
1718, doi:10.2106/jbjs.o.00500. 

65. Bond, C.D.; Hennrikus, W.L.; DellaMaggiore, E.D. Prospective evaluation of newborn soft-tissue hip “clicks” with ultrasound. 
J. Pediatr. Orthop. 1997, 17, 199–201. 

66. Samora, J.; Quinn, R.H.; Murray, J.; Pezold, R.; Hall, Q. Management of Developmental Dysplasia of the Hip in Infants up to 
Six Months of Age. J. Am. Acad. Orthop. Surg. 2019, 27, e360–e363, doi:10.5435/jaaos-d-18-00522. 



Medicina 2021, 57, 655 12 of 12 
 

 

67. Shorter, D.; Hong, T.; A Osborn, D. Cochrane Review: Screening programmes for developmental dysplasia of the hip in new-
born infants. Evidence-Based Child Health A Cochrane Rev. J. 2013, 8, 11–54, doi:10.1002/ebch.1891. 

68. Atalar, H.; Sayli, U.; Yavuz, O.Y.; Uras, I.; Dogruel, H. Indicators of successful use of the Pavlik harness in infants with devel-
opmental dysplasia of the hip. Int. Orthop. 2006, 31, 145–150, doi:10.1007/s00264-006-0097-8. 

69. Laborie, L.B.; Lehmann, T.G.; Rosendahl, K.; Engesæter, I. Ø.; Eastwood, D.M.; Frcs Screening Strategies for Hip Dysplasia: 
Long-term Outcome of a Randomized Controlled Trial. Pediatrics 2013, 132, 492–501, doi:10.1542/peds.2013-0911. 

70. Engesæter, I. Ø.; Laborie, L.B.; Lehmann, T.G.; Fevang, J.M.; Lie, S.A.; Engesæter, L.B.; Rosendahl, K. Prevalence of radiographic 
findings associated with hip dysplasia in a population-based cohort of 2081 19-year-old Norwegians. Bone Jt. J. 2013, 95-B, 279–
285, doi:10.1302/0301-620x.95b2.30744. 

71. Zamborsky, R.; Kokavec, M.; Harsanyi, S.; Attia, D.; Danisovic, L. Developmental Dysplasia of Hip: Perspectives in Genetic 
Screening. Med Sci. 2019, 7, 59, doi:10.3390/medsci7040059. 

72. Roser, W. Uber angeborene Huftverrenkung. Langenbecks Arch Klin. Chir. 1879, 24, 309–313. 
73. Putti, V. Early Treatment of Congenital Dislocation of the Hip. J. Bone Jt. Surg. 1929, 11, 789–809. 
74. Murphy, R.F.; Kim, Y.-J. Surgical Management of Pediatric Developmental Dysplasia of the Hip. J. Am. Acad. Orthop. Surg. 2016, 

24, 615–624, doi:10.5435/jaaos-d-15-00154. 
75. Wenger, D.R. Surgical treatment of developmental dysplasia of the hip. Instr. Course Lect. 2014, 63, 313–323. 
76. Tibrewal, S.; Gulati, V.; Ramachandran, M. The Pavlik method. J. Pediatr. Orthop. B 2013, 22, 516–520, 

doi:10.1097/bpb.0b013e328365760e. 
77. Roof, A.C.; Jinguji, T.M.; White, K.K. Musculoskeletal Screening: Developmental Dysplasia of the Hip. Pediatr. Ann. 2013, 42, 

e238–e244, doi:10.3928/00904481-20131022-10. 
78. Marnach, M.L.; Ramin, K.D.;Ramsey, P.S.; Song. S.W.; Stensland, J.J.; An, K.N. Characterization of the relationship between 

joint laxity and maternal hormones in pregnancy. Obstet. Gynecol. 2003, 101, 331–335, doi.org/10.1016/S0029-7844(02)02447-X. 
79. Smith, M.W.; Marcus, P.S.; Wurtz, L.D. Orthopedic Issues in Pregnancy. Obstet. Gynecol. Surv. 2008, 63, 103–111, 

doi:10.1097/ogx.0b013e318160161c. 
80. Ng, G.; Jeffers, J.R.; Beaulé, P.E. Hip Joint Capsular Anatomy, Mechanics, and Surgical Management. J. Bone Jt. Surg. Am. Vol. 

2019, 101, 2141–2151, doi:10.2106/jbjs.19.00346. 
81. Jo, S.; Hooke, A.W.; An, K.-N.; Trousdale, R.T.; Sierra, R.J. Contribution of the Ligamentum Teres to Hip Stability in the Presence 

of an Intact Capsule: A Cadaveric Study. Arthrosc. J. Arthrosc. Relat. Surg. 2018, 34, 1480–1487, doi:10.1016/j.arthro.2017.12.002. 
82. Ito, H.; Song, Y.; Lindsey, D.P.; Safran, M.R.; Giori, N.J. The proximal hip joint capsule and the zona orbicularis contribute to 

hip joint stability in distraction. J. Orthop. Res. 2009, 27, 989–995, doi:10.1002/jor.20852. 
83. Olausson, H.; Laskey, M.A.; Goldberg, G.R.; Prentice, A. Changes in bone mineral status and bone size during pregnancy and 

the influences of body weight and calcium intake. Am. J. Clin. Nutr. 2008, 88, 1032–1039. 
84. Quaresima, P.; Angeletti, M.; Luziatelli, D.; Luziatelli, S.; Venturella, R.; Di Carlo, C.; Bernardo, S. Pregnancy associated transient 

osteoporosis of the hip (PR-TOH): A non–obstetric indication to caesarean section. A case report with literature review. Eur. J. 
Obstet. Gynecol. Reprod. Biol. 2021, 262, 28–35, doi:10.1016/j.ejogrb.2021.05.007. 

85. Vleeming, A.; Albert, H.; Östgaard, H.; Stuge, B.; Sturesson, B. European guidelines on the diagnosis and treatment of pelvic 
girdle pain. Mov. Stab. Lumbopelvic Pain 2007, 17, 465–470, doi:10.1016/b978-044310178-6.50033-5. 

86. Ji, X.; Morino, S.; Iijima, H.; Ishihara, M.; Kawagoe, M.; Umezaki, F.; Hatanaka, Y.; Yamashita, M.; Tsuboyama, T.; Aoyama, T. 
The Association of Variations in Hip and Pelvic Geometry With Pregnancy-Related Sacroiliac Joint Pain Based on a Longitudi-
nal Analysis. Spine 2019, 44, E67–E73, doi:10.1097/brs.0000000000002774. 

87. Kraeutler, M.J.; Garabekyan, T.; Pascual-Garrido, C.; Mei-Dan, O. Hip instability: A review of hip dysplasia and other con-
tributing factors. Muscles Ligaments Tendons J. 2016, 6, 343–353, doi.org/10.11138%2Fmltj%2F2016.6.3.343. 

88. Kraeutler, M.J.; Safran, M.R.; Scillia, A.J.; Ayeni, O.R.; Garabekyan, T.; Mei-Dan, O. A Contemporary Look at the Evaluation 
and Treatment of Adult Borderline and Frank Hip Dysplasia. Am. J. Sports Med. 2020, 48, 2314–2323, 
doi:10.1177/0363546519881411. 

89. The 2007 Recommendations of the International Commission on Radiological Protection. Ann ICRP. 2007, 37, 2–4. 
90. Valenzuela, R.G.; E Cabanela, M.; Trousdale, R.T. Sexual Activity, Pregnancy, and Childbirth After Periacetabular Osteotomy. 

Clin. Orthop. Relat. Res. 2004, 418, 146–152, doi:10.1097/00003086-200401000-00023. 
91. Sierra, R.J.; Trousdale, R.T.; Cabanela, M.E. Pregnancy and childbirth after total hip arthroplasty. J. Bone Jt. Surgery. Br. Vol. 2005, 

87-B, 21–24, doi:10.1302/0301-620x.87b1.15162. 


