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Abstract 
Introduction: Developmental dysplasia of the hip (DDH) encompasses a set of abnormalities related to the 
maturation process of the acetabulum and the proximal third of the femur. If not treated properly and promptly, 
patients with this condition may eventually develop osteoarthritis (OA).
Objective: To compile and synthesize scientific evidence published between January 2000 and February 2023 on 
the pathophysiology of DDH and its relationship to the development of hip OA in terms of genetic, inflammatory 
and immunological pathophysiological mechanisms.
Methodology: A literature review was performed in biomedical literature databases (PubMed/Medline, Embase, 
SciELO) and bioinformatic resources (e-Ensambl, STRING), using terms such as "hip dysplasia", "osteoarthritis", 
"etiology", and "genes". Clinical and genetic observational studies involving human subjects were included.
Results: The initial search yielded 349 records, of which 23 met the eligibility criteria. Genes that interact with 
genetic modules may play a role in the development of joints and the etiology of diseases that affect the bones 
and cartilage; however, the mechanical instability caused by DDH activates inflammatory and immunological 
factors, predisposing to OA. Based on the information obtained, it is possible to consider that there is a very 
close relationship between DDH and OA.
Conclusions: Knowing the genetic, inflammatory and immunological pathophysiological mechanisms of DDH 
and OA favors timely diagnosis and, consequently, allows providing proper treatment to reduce and control 
long-term damage and improve the patient's quality of life.
Keywords: Development Dysplasia of the Hip; Osteoarthritis; Genes; Inflammation; Immunology (MeSH).

Resumen
Introducción. La displasia del desarrollo de la cadera (DDC) abarca un conjunto de anormalidades relacionadas con el 
proceso de maduración del acetábulo y del tercio proximal del fémur Si no se trata de manera adecuada y oportuna, 
los pacientes con esta condición pueden desarrollar osteoartritis (OA) eventualmente.
Objetivo. Recopilar y sintetizar evidencia científica publicada entre enero de 2000 y febrero de 2023 sobre la 
fisiopatología de la DDC y su relación con el desarrollo de OA de cadera en términos de los mecanismos fisiopatológicos 
genéticos, inflamatorios e inmunológicos. 
Materiales y métodos. Se realizó una revisión de la literatura en bases de datos de literatura biomédica (PubMed/
Medline, Embase, SciELO) y herramientas bioinformáticas (e-Ensambl, STRING), mediante términos como “displasia 
de cadera”, “osteoartritis”, “etiología” y “genes”. Se incluyeron estudios observacionales clínicos y genéticos 
realizados en humanos.
Resultados. La búsqueda inicial arrojó 349 registros, de los cuales 23 cumplieron los criterios de elegibilidad. 
Los genes que interactúan con módulos genéticos parecen participar en el desarrollo articular y la etiología de las 
enfermedades relacionadas con el cartílago y el hueso; sin embargo, la inestabilidad mecánica producida por la DCC 
activa factores inflamatorios e inmunológicos, predisponiendo OA. A partir de la información encontrada, se puede 
considerar que existe una relación muy estrecha entre DDC y OA.
Conclusiones. Conocer los mecanismos fisiopatológicos genéticos, inflamatorios e inmunológicos de DDC y OA 
favorece la realización de un diagnóstico oportuno y, en consecuencia, posibilita brindar un tratamiento adecuado 
para disminuir y controlar el daño a largo plazo y mejorar la calidad de vida del paciente.
Palabras clave: Displasia del desarrollo de la cadera; Osteoartritis; Genes, Inflamación; Inmunología (DeCS).
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Introduction

Developmental dysplasia of the hip (DDH) refers to a group of abnormalities related 
to the maturation process of the acetabulum and proximal third of the femur, which 
can occur during embryological, fetal, or infancy stages.1,2 These alterations range 
from hip instability and acetabular and/or femoral head dysplasia to subluxation or 
dislocation of the femoral head.1,2 If DDH is not properly diagnosed and corrected, over 
time it leads to osteoarthritis (OA), a degenerative disease characterized by articular 
cartilage damage, osteophyte formation, and joint deformity that manifests itself in 
gait disturbances (such as range limitation) and chronic mechanical pain.1,3,4

At present, the etiology of DDH is unknown. However, several related risk factors have 
been described, including mechanical (breech presentation at birth, oligohydramnios, 
ligamentous hyperlaxity, lower limb deformity, or left side involvement of the baby 
in the womb), hereditary (first-degree relatives and first-born children with DDH, 
or multiple pregnancy), demographic (female sex), and genetic factors, such as the 
presence of variants, regulatory elements, and enhancers relative to the promoter of 
the growth differentiation factor 5 (GDF5) gene, which encodes for a ligand associated 
with the transforming growth factor beta family (TGF-β). These ligands can bind to 
TGF-β receptors to recruit and activate transcription factors called SMAD, which 
regulate gene expression, thus participating in normal bone and joint development, 
as they can initiate chondrogenesis and osteogenesis through epiphyseal cartilage 
proliferation. In this regard, it has been reported that mutations in the GDF5 gene 
are associated with various types of dysplasia and synostoses, as well as with an 
individual’s susceptibility to OA.1,5-7

The prevalence of hip OA ranges from 0.37% to 27% depending on age, sex, place 
of origin, and degree of involvement. In this regard, the highest prevalence of hip OA 
has been described in North America and the lowest in Latin America (Table 1).8-12

Table 1. Prevalence and age of occurrence of osteoarthritis of the hip reported in the literature.8-12

Prevalence of hip 
osteoarthritis 

Age (in years) Place of origin Reference

27% 45 United States Lespasio MJ et al.8

7 - 25 % 55 Europe Lievense AM. et al.9

9.6% - 18% 60 World Leung Y. et al.10

6.8% 65 Asia Fransen M. et al.11

0.37% - 26.5% 18-40 Latin America Andrade et al.12

Source: Own elaboration.

Several clinical and genetic research trials and studies have found a correlation between 
DDH and OA.13-16 For example, Terjesen13 described that pediatric patients with DDH 
and subluxation had an increased risk factor for developing hip OA when reconstructive 
surgery was performed late. According to Terjesen,13 the study conducted by Wiberg in 
17 hips with acetabular dysplasia or subluxation identified an association between age 
and degree of severity of hip OA, as the mean ages at diagnosis of OA in women were 
41 years in patients with subluxation and 53 years in those with acetabular dysplasia 
without subluxation. In addition, Mabuchi et al.16 found that 8 patients in 4 generations 
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of a Japanese family presented with acetabular dysplasia during adolescence and 
hip OA at ∼40 years, suggesting autosomal dominant inheritance.

On the other hand, according to Hatzikotoulas et al,6 although there is no direct 
relationship between DDH and OA, genome-wide association studies (GWAS) have 
shown that these two diseases share genes such as the GDF5 gene and genes encoding 
for some cytokines and proinflammatory cytokines.

Experimental studies in mice have identified that cell density during joint formation 
is increased at the site of the future joint, which is known as the interzone. The 
cells in the interzone are characterized by being GDF5 positive and by retaining an 
uninterrupted spatiotemporal flow in order to participate in joint development. 
Thus, experimental observations of GDF5 in interzone cells that are related to joint 
regeneration may be a starting point to favor its clinical application. However, it 
should be noted that it has been described that these cells naturally present a limited 
regenerative capacity, so further studies are needed to demonstrate the regenerative 
mechanisms in OA.17

Furthermore, it has been observed that hip OA begins with cartilage, bone and/
or synovial tissue damage, is caused by a series of microtraumas secondary to 
biomechanical instability of the joint (hip subluxation and/or dislocation), and is 
favored by genetic, immunological and inflammatory mechanisms that together 
contribute to the formation of a microenvironment of regulatory elements, which 
will lead to the destruction of the hip joint in the short or medium term.16,17

With the above in mind, the objective of this narrative literature review was to 
compile and synthesize scientific evidence published between January 2000 and 
February 2023 on the pathophysiology of DDH and its relationship to the development 
of hip OA in terms of genetic, inflammatory, and immunological pathophysiological 
mechanisms.

Methodology

A search for articles on the subject was performed in the PubMed/Medline, SciELO and 
Embase databases, while a search for studies on specific genes that were previously 
identified in the biomedical literature was conducted in the e-Ensambl and STRING 
bioinformatics tools. 

One of the authors conducted the article search, while a second author reviewed 
the articles for final inclusion; both processes were carried out independently, 
randomly, and freely. The following search strategy was used: study types: clinical or 
genetic studies, case reports, observational studies, and systematic reviews; period 
of publication: January 2000 and February 2023; language of publication: Spanish or 
English; search terms: “congenital hip dysplasia”, “hip”, “osteoarthritis”, “etiology”, 
“genetics factors”, “genes”, “gene expression”, “GWAS”, “proteomic”. Studies involving 
human subjects and research using experimental models were included.

It is worth mentioning that all articles that were not open access or did not have 
their full text available through the institution’s library system were excluded, as 
were articles with a different type of study than those mentioned above, written in a 
language other than Spanish or English, and those that did not address the review’s 
topic of interest (for example, research on osteoarthritis in a region other than the hip 
or on genes unrelated to the disease), or were conducted in the pediatric population. 
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Results

The initial search yielded 349 records, of which 127 were duplicate, 8 were identified as 
ineligible using the automation tools, and 2 were excluded for other reasons. 85 of the 
212 articles were excluded after analyzing the titles and abstracts and 33 were excluded 
because the full text could not be accessed. Based on the selection criteria, 25 of the 
94 articles reviewed were removed because they addressed knee OA, 15 because they 
were performed in children, 15 because they were conference abstracts, and 16 because 
they were deemed irrelevant. As a result, the present systematic review comprises 23 
papers. Figure 1 depicts the flow chart for the search and selection of articles.

Figure 1. Flowchart of the search and selection of articles.
Source: Own elaboration.

Pathophysiological mechanisms associated with developmental dysplasia of the hip 
and hip osteoarthrosis

Genetic mechanisms 

The onset of histogenesis of a joint is preceded by the appearance of a cellular block 
called interzone, where the future joint is outlined and the expression of new genes 
occurs, including the GDF5 gene (Figure 2).17
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Figure 2. Interzone formation during joint histogenesis.
Source: Own elaboration.

Studies in experimental animals have shown that, in the proximal region of the joint, 
there are cells expressing the Sox9+, Col2a1+ and Gdf5 genes, which migrate to the joint 
formation zones to activate Gdf5+ cells. Thus, joint development is considered to be 
influenced by two biological processes known as the “temporal hypothesis” and the 
“spatial hypothesis”.17

The temporal hypothesis refers to the expression of GDF5+ cells during early joint 
development that contribute to the formation of the epiphysis. The spatial hypothesis 
refers to the fact that the location of these progenitor cells in the interzone determines 
the ultimate lineage destination.17 Consequently, the constant dynamic flow of GDF5+ 
cells in the interzone mobilizes the cells in different spatiotemporal patterns. In this 
sense, this spatiotemporal asymmetry is considered to favor joint development in long 
bones, such as the humerus and femur, in which it has been demonstrated that there is 
a higher concentration of GDF5+ cells compared to their joint counterpart. 

Furthermore, molecular studies have shown that the presence of mutations in the 
GDF5 gene can affect cartilage and bone development, since GDF5, together with several 
genes, participates in an interactome (Figure 3), which involves receptors associated 
with ligands that in turn bind and activate transcriptional regulators (known as SMADs). 
SMADs contribute to several phenomena related to joint embryogenesis, such as right-left 
pattern formation, cartilage morphogenesis, inhibition of chondrocyte differentiation, 
regulation of cell-cell interactions during inflammation and tumorigenesis, and participation 
in apoptosis pathways, among others.17,19,20

Thus, the interactome is a network of interactions between biomolecules that do not 
necessarily have the same type or function. Many of these interactomes are related to 
diseasomes, which are a group of diseases that are interrelated by their genetic origins; 
in other words, a gene (or group of genes) is connected to a given disease through 
mutations and/or genetic variants. Considering the above, it could be assumed that 
DDH and OA could have a shared genetic origin through GDF5, since these two diseases 
seem to originate from the same functional module through this gene (Figure 4).21,22
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Figure 3. GDF5 gene and its participation in an interactome by coexpression, neighborhood, or fusion.
Source: Adapted from the STRING Database.20

Figure 4. Osteoarthritis-related diseases and mutations in the GDF5 gene in the diseasome. 
Source: Adapted from Exploring Data.21

Inflammatory mechanisms

In the past, OA was considered to be a non-inflammatory disease because no biochemical 
data of inflammatory disease were identified in the synovial fluid of patients with OA 
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eventually revised when it was observed that patients with OA presented synovitis 
with inflammation similar to that found in patients with a history of trauma. Thus, the 
inflammatory process is now considered part of the origin and progression of OA.23

Risk factors for OA include mainly age, obesity, presence of joint trauma, and biome-
chanical disorders. All these risk factors are considered biological alterations that generate 
chronic low-grade inflammation and could lead to hip joint destruction (Figure 5).23,24

DAMPs: damage-associated molecular patterns; GDF5: growth/differentiation factor 5; HMGB1: high 
mobility group box 1 protein; MMP: matrix metalloproteinases; CRP: C-reactive protein; TLR-2 and TLR-4: 
Toll-like receptors.
Figure 5. Diagram of the pathophysiological mechanisms associated with developmental dysplasia of the 
hip and osteoarthrosis.
Source: Own elaboration.

It has been noted that patients with OA have elevated C-reactive protein and in-
terleukin-6 (IL-6) serum levels in synovial fluids, even before showing the typical 
radiographic changes of joint wear, such as cartilage loss, joint space narrowing, and 
the formation of osteophytes.23,25  It has also been described that, in the early phase of 
OA, an increased amount of a cellular infiltrate comprising mainly macrophages, mast 
cells, natural killer (NK) cells and some T and B cells, as well as elevated levels of some 
inflammatory mediators such as prostaglandins and cytokines, can be seen in a sample 
of synovial fluid, which is different in the late phase of OA.23 Inflammatory mediators 
could activate the inflammatory process in a non-traditional way, since articular cartilage 
is not vascularized or innervated, so chondrocytes succeed in increasing the production 
of matrix metalloproteinases (MMPs) through such inflammatory signals, degrading 
the cartilage into small fragments that float in the synovial fluid within the joint and 
exacerbating inflammation.26

Another pathophysiological mechanism related to the inflammatory process in OA 
is the overexpression of leptin, which is a hormone synthesized mainly by adipose 
tissue. It has been described that patients with OA and obesity can overexpress leptin, 
stimulating an increased expression of interleukin-1 (IL-1), IL-6, MMP9, and MMP13, as 
well as an increase in NK cytotoxicity and the activation of neutrophils, basophils, and 
eosinophils.26,27 On the other hand, experimental studies have found that the process 
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of histone acetylation and deacetylation of deoxyribonucleic acid (DNA) of human 
chondrocytes regulates mainly MMP genes, which contribute to cartilage catabolism 
under the influence of IL-1, leading to joint damage due to infammation.28 In this sense, it 
is safe to state that inflammation, specifically low-grade inflammation, has an important 
influence on the pathogenesis of OA.

Immunological mechanisms

Some organs and cells in the human body are immunologically privileged, meaning that 
they are able to tolerate the presence of antigens without triggering an inflammatory 
response. Joint tissue has therefore been described as part of this category.29 Cartilage 
does not contain blood vessels or a lymphatic or nervous system, so it is considered a 
basic tissue, as it only consists of chondrocytes, type II collagen, and proteoglycans that 
are responsible for providing hydraulic resistance to mechanical forces. The absence 
of vasculature results in the chondrocytes receiving nutrients and eliminating waste 
material by diffusion through the extracellular matrix to and from the synovial fluid, 
respectively. Consequently, any type of joint injury, whether congenital or acquired, 
could hinder cartilage repair, degrade it, and cause OA.30

As discussed in the previous section, inflammatory signals can increase the production 
of MMPs in the joint and produce small cartilage fragments that float in the synovial 
fluid, acting as damage-associated molecular patterns (DAMPs). These DAMPs are 
intracytoplasmic or nuclear molecules released from cells that underwent immunogenic 
apoptosis, extracellularly exposing their intracellular components and alerting the body 
to produce an innate immune response.23,26,31 DAMPs associated with joint damage 
include fibronectin, hyaluronan, alarmins, some calcium phosphate and/or uric acid 
crystals, plasma proteins, among others (Figure 4).23,26

DAMPs in the joint stimulate the synthesis of proinflammatory cytokines such as IL-1β, 
IL-6, tumor necrosis factor alpha (TNFα), vascular endothelial growth factor (VEGF), 
MMP1, and MMP3, causing chondrolysis. Similarly, it has been reported that sites with 
tissue damage and inflammation may present vascular leakage and exudate of plasma 
proteins into the synovial fluid, acting as DAMPs since they promote the production of 
macrophages that bind to pattern recognition receptors, known as Toll-like receptors-2 
(TLR-2) and Toll-like receptors-4 (TLR-4), initiating and promoting OA.23,25,26

Complement system activation is another feature of innate immunity that may 
contribute to cartilage damage, since high concentrations of these proteins have been 
found in synovial fluid of patients with OA. This has been demonstrated in proteomic 
studies in which the upregulation of genes encoding complement proteins has been 
evidenced, along with the downregulation of inhibitory molecules of this same system.23

On the other hand, oxidative stress is another mechanism of innate immunity that can 
cause chondrocyte senescence. In general, senescence in cell cultures can be replicative 
or secretory. Replicative senescence refers to a decrease in cell division rate during 
periods of vigorous proliferation, whereas secretory senescence refers to the fact that 
cells may have a low capacity for cell division but a high capacity for synthesis of soluble 
mediators.26 Chondrocytes belong to the latter form of senescence, so it is considered 
that, as a person ages, their articular chondrocytes fall into secretory senescence, 
stimulating the production of IL-1β and MMP13, and causing local inflammation and 
chondrolysis, which can lead to the development of OA in the joint.26
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Discussion

As of the time of conducting this study (February 2023) and according to our search for 
evidence, there are few publications on the genetic, molecular, and experimental factors 
that may possibly associate DDH with OA, and some of those studies are inconclusive.6,9,14,15 

However, in the last decade, gene-gene interactions have become relevant, as they 
show how different groups of genes can be involved in the same functional pathway to 
create between pathway modules,32 so that a simple variation of a nucleotide in a gene 
could alter the pathway. A clear example for this is what has been pointed out in this 
review regarding the role of the GDF5 gene in chondrogenesis and joint osteogenesis 
in an active manner. 6,7 Any molecular alteration in this gene could lead to chondrolysis 
and other consequences in cartilage, bone, and joint development.6,19

However, not only genetic factors are related to DDH and its tendency to predispose 
to OA. As noted in this article, inflammatory and immunologic factors trigger a process, 
perhaps originating from the mechanical instability caused by DDH, that results 
in chronic low-grade inflammation in all joint components, clinically manifesting 
as fibrosis, articular cartilage degradation, thickening of the subchondral bone, 
osteophyte formation, synovitis, meniscal and ligament degradation, and capsular 
hypertrophy.1,6,15,33

Moreover, proteomic studies performed in synovial fluid have shown that there are 
new biomarkers, such as alpha-1-acid glycoprotein (AGP1), which is currently only 
evaluated sporadically because it is not a biochemical marker analyzed in routine 
examinations. AGP1 is involved in both joint inflammatory and immunological pathways 
in inflammation as well as in immunological processes in the joint. This is relevant for 
the diagnosis of OA because OA is considered a joint-circumscribed disease, which 
means that serum levels of proinflammatory markers are lower than markers measured 
in synovial fluid in these patients.34 In turn, based on blood tests, C-reactive protein is 
one of the few proteins found to be elevated in patients with OA, which is of special 
importance since it has been described that there is a correlation between having a high 
level of this protein and the degree of inflammatory infiltrate in the patient’s joints.34

Therefore, DDH is a disease that should be diagnosed and treated in a timely manner, 
because it can result in physical sequelae that include movement limitations, limb 
shortening, claudication, scoliosis, pain, knee deformities, premature wear of the 
contralateral hip, etcetera.2 Such sequelae can lead to patient disability or the condition 
can cause complications such as OA, which will eventually require hip arthroplasty, 
whose risks range from superficial infection to periprosthetic femoral fractures or deep 
vein thrombosis that require intensive care.2

Therefore, clinical and radiological follow-up is recommended for patients with DDH 
during the first years of life to assess bone maturation.4 However, it should be kept 
in mind that it is currently not possible to predict the development of OA based on 
a history of DDH, even in patients with apparently healthy hips, since they can also 
develop this condition.4 Recent research has proposed that certain genetic, inflammatory 
and immunological mechanisms could be responsible for initiating, prolonging and 
maintaining joint damage in the hip,26 so understanding the pathophysiology of these 
diseases will favor the implementation of novel treatments to mitigate or resolve 
joint damage.26 It is recommended to take into consideration serum and synovial fluid 
biochemical markers for the follow-up of DDH and OA.34
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Conclusions

DDH has been considered a purely mechanical disease due to the presence of instability 
and/or dysplasia of the affected bone structures; however, such instability can generate 
chronic low-grade inflammation over time and lead to the development of OA in young 
adulthood.23,26-28

From the information currently available, it can be concluded that there is a very close 
relationship between DDH and OA occurring at an early age, as the mechanical process 
of friction between the hip joints and the femoral head generates chronic inflammation 
through a process that involves the innate and adaptive immune system.14,15 The chronic 
inflammatory process that unfolds is a response of the body to the damage, through 
which it tries to repair the structures involved, but the persistence of the mechanical 
damage produces a permanent activation of the inflammatory systems, which in turn 
may be the cause of the long-term harmful effects.23,28

Furthermore, the process of chronic inflammation involves the activation of macrophages 
along with the elevation of proinflammatory cytokines that prolong the damage to the 
structures, as detrimental elements such as oxygen-derived free radicals are generated, 
which, added to everything mentioned above, initiate a continuous joint degradation.23,26-28

The pathophysiological mechanisms of the development of DDH and OA are not 
completely known. Nonetheless, understanding the interactions between genetic, 
inflammatory and immunological factors will help the treating physician to establish 
a timely diagnosis and, hence, provide treatment aimed at reducing and, if possible, 
controlling long-term damage, as well as improving the patient’s quality of life.
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