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Abstract

Among the spectrum of Developmental Dysplasia of the Hip (DDH), cases involving dislocation (DDH-dislocation)
are not frequently examined in global epidemiological research. This ecological study estimates the incidence of
late-diagnosed DDH-dislocation among Colombian children aged 3 months to [8years, from 2010 to 2020. Data
were drawn from the Individual Service Provision Records (SISPRO) and vital statistics provided by the National
Administrative Department of Statistics (DANE). A total of 68460 late-diagnosed DDH-dislocation cases were
identified, with a female-to-male ratio of 2.2:1. Annual incidence ranged from 4.3 to 8.3 per 1000 live births. Elevated
rates were concentrated in central Cundiboyacense, southern Santander, and the Narifiense Andean Massif regions.
These findings underscore the need for a nationwide early detection program designed to reduce late diagnoses,
especially in areas with higher incidence rates.
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2 weeks after birth, while Bjerkreim and Johansen® set it
at 1 month of age.

Developmental dysplasia of the hip (DDH) risk fac-
tors, as described by Loder and Skopelja,? include sex,
breech delivery, family history, and ethnic origin.”*
Females comprise 76% of cases. A positive family his-
tory is found in 12% to 33% of patients.? Regarding eth-
nicity, the incidence is higher among Native Americans
and Caucasians (particularly Scandinavians) and lower
among Asians, Africans, and their descendants.!? After

Introduction

Estimates of DDH incidence rates vary widely in the
specialized literature, mainly due to the use of different
screening methods (clinical examination, ultrasonogra-
phy, radiography), the application of selective or univer-
sal screening, and phenotypic and cultural differences
among ethnic groups studied in each research, among
other factors.! The exhaustive review of Loder and
Skopelja® reports a DDH incidence between 0.06 per
1000 live births (for Africans) to 76 per 1000 live births
(for Native Americans). After 1980, with the introduc-

tion of Graf’s method, Loder and Skopelja? reported an
average incidence estimate of about 7.5 to 34.7 per 1000
for hips above Graf Ila for Caucasians at 4 to 6 months
of age. The very definition of “late diagnosis™ is also a
matter of debate in the current literature and is recog-
nized as a major methodological limitation.> According
to Cheok et al,* 10 studies defined late-diagnosed DDH
as diagnoses made after 3 months of age. For late-diag-
nosed DDH dislocation, Wenger et al® proposed a late-
diagnosis threshold for DDH dislocation as early as
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birth, the practice of swaddling —a common cultural
practice in several places around the world,>”*!" such as
in Japan— is a significant risk factor for DDH. Indeed,
the city of Kyoto implemented a public initiative to dis-
courage swaddling, obtaining a substantial reduction in
the DDH incidence: from 53 per 1000 live births
between 1971 and 1973 to about 6 per 1000 live births
between 1974 and 1976.'°

Early diagnosis is essential for improving the out-
come of DDH treatment approaches.'>!* In 2015, the
American Academy of Orthopaedic Surgeons (AAOS)
published a Clinical Practice Guideline for the early
detection of DDH in patients younger than 6 months of
age.'* Recent works aim to achieve further standardiza-
tion of early diagnosis practices and even clinical and
ultrasound-based screening programs using Graf’s
method.'>" In particular, the international expert meet-
ing held in Csolyospalos (Hungary) in 2018 reached a
consensus on several critical aspects of DDH detection
and treatment.'”> Key recommendations included the
necessity of ultrasound screening to address the limita-
tions of clinical examinations, the implementation of a
nationwide universal screening program based on the
Graf technique, and the application of such a program to
every newborn before 6 weeks of age by adequately
trained healthcare professionals.'? The goal is to obtain
an early diagnosis to enable the timely selection of a
therapeutic approach'>"> to improve the patient’s
prognosis.'”

The potentially high incidence rates of DDH disloca-
tion and the severe sequelae of this disorder in the adult
lives of late-diagnosed patients make DDH dislocation a
public health problem."!*!® However, to the best of the
authors’ knowledge, no nationwide estimation of the
incidence of late-diagnosed DDH dislocation has been
conducted in Colombia, and only preliminary studies on
this research topic have been published in Latin America,
despite DDH dislocation being a common condition in
pediatric orthopedic consultations. Thus, the main goal
of this study is to provide a reliable estimate of the inci-
dence of late-diagnosed DDH dislocation in the
Colombian pediatric population between 2010 and
2020, addressing the knowledge gaps about the inci-
dence rate of this disease in Colombia.

Methods

This is a descriptive ecological study following an
approach adapted from the method of Sanchez et al"®
about the incidence of skin cancer in Colombia, in a
similar fashion to the approach of Den et al® for Japan,
and Degnan et al?” for the United States, both in the field
of the Epidemiology of DDH. The supporting data were
collected from three official Colombian sources:

e The National Demographic and Health Survey,
ENDS 2015.%!

e The Individual Service Provision Records (RIPS)
database from the Integrated Social Protection
Information System (SISPRO) of the Ministry of
Health and Social Protection (Ministerio de Salud
y Proteccion Social).??

e The Colombian national record of births and
deaths from the vital statistics of the National
Administrative Department of Statistics (DANE).?

Given this is an ecological study, all the available and
relevant records from these comprehensive public data-
sets were used. The raw data acquired from RIPS records
(containing specialist-based diagnoses from pediatri-
cians and orthopedists) were curated and transformed
into a unified dataset for patients older than 3 months, as
they correspond to late-diagnosed DDH dislocation
cases resulting from the application of the Colombian
protocol. Then, information on live births during the
study period (2010-2020) was obtained from the coun-
try’s birth registry.”® The diagnostic reports for con-
firmed cases of DDH dislocation were constrained to the
same time window. For validation purposes, an estimate
of the late-diagnosed DDH dislocation incidence rate
was obtained using anonymized data from the 2015
ENDS survey.?! Under the official DDH diagnostic pro-
tocol in Colombia, the diagnoses present in the dataset
were supported by X-ray imaging at 4 to 6 months of
age, except for a negligible subset of early-diagnosed
cases based on clinical screening and ultrasonography.
The International Classification of Diseases, 10th
Edition?* (ICD-10) was used to select the records whose
codes correspond to DDH-dislocation, using the same
definition employed by Den et al’ and Thallinger et al,?®
that is, codes under the Q65 classification: Q65.0
(“Congenital dislocation of the hip, unilateral”), Q65.1
(“Congenital dislocation of the hip, bilateral”), and
Q65.2 (“Congenital dislocation of the hip, unspeci-
fied”). The resulting filtered dataset allowed the applica-
tion of the inclusion and exclusion criteria for this study:

Inclusion Criteria

e Records of new cases of DDH-dislocation for
patients between 3 months and 18 years of age at
the time of diagnosis (late diagnosis).

Exclusion Criteria

e Records of cases reporting concurrent comorbidi-
ties of the hips and lower limbs causing hip dislo-
cation unrelated to developmental dysplasia of
the hip.
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Table |. Yearly Late-diagnosed DDH-Dislocation Incidence Rate (Per 1000 Live Births) in Colombia (2010-2020).
Females Males Total

Year Mean incidence 95% C.1. Mean incidence 95% C.1. Mean incidence 95% C.I.
2010 8.93 [8.92, 8.94] 3.93 [3.92, 3.94] 6.44 [6.44, 6.45]
2011 9.80 [9.78,9.81] 4.62 [4.61,4.62] 7.18 [7.18,7.19]
2012 9.66 [9.65, 9.67] 4.70 [4.70,4.71] 7.14 [7.13,7.14]
2013 9.68 [9.67, 9.69] 4.72 [4.72, 4.73] 7.15 [7.14,7.16]
2014 11.50 [11.49, 11.51] 5.34 [5.33, 5.35] 8.35 [8.34, 8.35]
2015 8.90 [8.89,8.91] 4.32 [4.32, 4.33] 6.55 [6.54, 6.56]
2016 6.07 [6.07, 6.08] 2.80 [2.79, 2.80] 4.39 [4.39, 4.40]
2017 6.43 [6.42, 6.44] 2.86 [2.85, 2.86] 4.60 [4.59, 4.61]
2018 6.8l [6.81, 6.82] 3.16 [3.15, 3.16] 4.94 [4.93, 4.94]
2019 9.03 [9.02, 9.04] 4.07 [4.06, 4.07] 6.48 [6.47, 6.48]
2020 5.85 [5.84, 5.86] 2.82 [2.81,2.82] 4.30 [4.29, 4.30]

95% C.I. stands for “95% Confidence Interval.”

e Records of cases with incomplete or missing
diagnostic data, such as the patient’s age at the
diagnosis.

e Records of cases previously included in the
dataset.

Using these inclusion and exclusion criteria, the result-
ing query to the public repository yielded 68460 valid
records, thus forming the sample for this study. Based on
these RIPS data, stratified by sex and year, it is possible
to estimate the annual incidence of late-diagnosed
DDH-dislocation in Colombia as the ratio of new cases
(the number of first consultation records corresponding
to patients older than 3 months of age) in the RIPS data-
base containing confirmed diagnoses of DDH-
dislocation to the total number of live newborns, within
the corresponding time window, and scaled per 1000
live births:

new cases ( year)

incidencerate ( year ) =
(y ) count of live births (year)

x1,000 (live births)

The incidence rate is reported annually with 95% confi-
dence intervals (C.I.) for 3 groups: males, females, and
the total population. A Poisson distribution is used to
model the discrete nature of the data. However, due to
the large dataset size, it is approximated by a normal

distribution. The C.I. is calculated as 711“2(1/2 x,[% ,

where represents the mean incidence rate per 1000
live births, z, , is the critical value (1.96 fora 95% C.L.),

;\/

and \V /n approximates the standard error, with n being
the sample size. A linear regression analysis was also per-
formed to assess trends in the incidence rate over time.

Using a simple univariate model, the relationship was
modeled as, Y(Incidencerate) = B, + B, X (Year)+e;.
Under the assumptions of linearity, independence, and
homoscedasticity, a one-tailed #—test was conducted to
test the hypotheses H, : 8, =0 versus H,: 8, <0, with a
significance level of .05.

Ethical Considerations

This study was strictly conducted under the ethical stan-
dards of the Declaration of Helsinki. Thus, its support-
ing protocol was approved by the Ethical Committee of
the Hospital Infantil Universitario de San José during
its ad-hoc meeting on April 16, 2024. Since all datasets
used in this work were extracted from previously anony-
mized public health databases, informed consent was
not applicable.

Results

The total number of live births registered by Colombia’s
DANE between 2010 and 2020 was 7166 168. For the 3
selected ICD-10 diagnostic codes mentioned above,
68460 records with cases of late-diagnosed DDH dislo-
cation in the time window for subjects under 18 years of
age were included. The incidence rate in Colombia dur-
ing the period 2010 to 2020 ranged from 4.3 [95% C.I.:
4.29-4.30] per 1000 live births in 2020 to 8.3 [95% C.I.:
8.34-8.35] per 1000 live births in 2014 (see Table 1).
The maximum incidence rates were observed in 2014,
with values of 11.50 [95% C.1.: 11.49-11.51] for females
and 5.34 [95% C.I.: 5.33-5.35] for males, consistent
with the female predominance reported in the literature.

Figure 1 presents the trend in the annual incidence
rate estimates of late-diagnosed DDH dislocation in
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Figure 1. The incidence rate of late-diagnosed DDH-
dislocation in the Colombian population born from 2010
to 2020 per year discriminated by sex: blue for the total
population, red for female subjects, and green for male
subjects.

Colombia from 2010 to 2020. After confirming that no
autocorrelation was present in the time series for each
group, linear regression analysis showed that the
decreasing trend observed in this plot is statistically sig-
nificant (p-values: .035 for females and .039 for males).

Figure 2 shows the geographical distribution of the
late-diagnosed DDH dislocation incidence rate for 2010
and 2020 (the first and last years in the observation win-
dow). This map illustrates the yearly count of new cases
per municipality, offering insights into their spatial dis-
tribution in Colombia. Remarkably higher rates for
male and female subjects are observed in municipalities
within the Eastern Cordillera, particularly in the central
Cundiboyacense region and around the southern
Andean Massif (department of Narifio). Conversely,
there is a discernible trend of lower incidence rates in
rural areas with warmer climates. In contrast, the num-
ber of new cases increased in 2020 compared to 2010
within the eastern departments of Santander and Norte
de Santander.

Discussion

The main contribution of this study is the estimation of
the incidence rate of late-diagnosed DDH dislocation in
the pediatric population of Colombia per year between
2010 and 2020. With 68460 cases identified during the
study period, the observed incidence rate ranged from
about 4.3 to 8.3 per 1000 live births annually, consistent
with the worldwide incidence rates reported in the litera-
ture? (Table 1). These figures align with findings from
both global and regional studies, yet they are signifi-
cantly higher than those observed in countries with

higher Human Development Index (HDI) scores. For
instance, the incidence rate of late-diagnosed DDH dis-
location reached a value of 0.4 per 1000 live births in
Norway between 1975 and 1979, according to the early
work of Bjerkreim and Johansen,® while it was just
above 0.1 per 1000 live births in Sweden between 2000
and 2009.’

On the other hand, Latin American countries share
ethnic, social, and demographic features with Colombia,
yet very few works report epidemiological data on DDH
and, particularly, on DDH-dislocation. In Mexico,”® a
DDH dislocation incidence rate of 2.0 per 1000 live
births has been reported. A recent study on male cases in
Brazil?’ concluded that the most frequent form of DDH,
according to a radiological classification, is high dislo-
cation (28.7% of the cases), followed by subluxation
(20.4% of the cases). Romero et al?® performed a risk
factor retrospective study in Chile, finding the main risk
factors are associated with a positive family history of
DDH and breech presentation of the newborn; they also
reported a female/male ratio of about 6.5:1.

Figure 1 depicts a long-term downward trend in late-
diagnosed DDH dislocation incidence rates in Colombia,
with local maxima in 2014 and 2019. These results also
indicate a female predominance (female-to-male ratio of
2.2:1) regardless of geographical differences, a well-
known trend consistent with the findings of previous
studies.>?**** A higher concentration of DDH dislocation
cases in high-altitude mountainous regions has also been
found, particularly within municipalities in the
Colombian Eastern Mountain Range, notably the
Cundiboyacense region and the Narifio Andean Massif.
Conversely, rural areas with warm climates show sig-
nificantly lower DDH dislocation incidence rates
(Figure 2). Genetic and phenotypic features, as well as
cultural practices associated with climatic conditions—
such as traditional childcare customs like swaddling in
specific high-mountain regions of Colombia—may con-
tribute to significant differences in the incidence rates of
DDH-related dislocations between colder and warmer
regions. Consistent with this observation, several stud-
ies have documented a trend of elevated DDH incidence
rates for births occurring during winter in temperate
zone countries. However, further research on these fac-
tors is needed in Colombia and Latin America.

Current official screening protocols for newborns in
Colombia*'** do not recommend hip radiography or
ultrasound unless risk factors are identified or abnormali-
ties are detected during an adequately conducted physical
examination.®* These guidelines apply strictly to new-
borns and do not cover criteria or practices beyond the
first weeks of life, even if risk factors or abnormalities are
identified during physical examination.*
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Figure 2. Geographical distribution of late diagnosed DDH-dislocation incidence rate in Colombia discriminated by sex (years

2010 and 2020).

Given that most of the studies in the literature include
the entire DDH spectrum,!>%2%30 it is relevant to point
out that their incidence estimates vary widely according
to the subject’s age when ultrasonography is used.®
When such scans are performed at birth, incidence rate
can reach values of 80 per 1000 live births, yet it gradu-
ally decreases to 7.5 per 1000 live births for Caucasians
when ultrasonography is performed at 4 to 6 weeks of
age.? As mentioned above, the results of this work show
several extreme values along the study time window,
especially in the years 2014 and 2019 (Figure 1).

Nevertheless, the implementation of a screening pro-
gram aimed at early diagnosis of developmental dysplasia
of the hip (DDH) is typically followed by a decrease in
the incidence of late presentations of DDH dislocation, as
demonstrated by the results of Sweden’s nationwide pro-
gram.’ Indeed, several studies report that early diagnosis
significantly reduces the need for surgical treatment.
Thallinger et al*® reported an incidence rate of open
reduction in Austria as low as 0.12 per 1000 live births
after the initiation of their screening program. Similarly,
Wenger et al®® found that implementing a secondary
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screening program in Sweden—with additional clinical
examinations at 6 to 8weeks, 6months, and 10 to
12 months of age—reduced the proportion of high dislo-
cation cases from 38% to 11% compared to when second-
ary screening was not performed.

Despite ongoing debates’’® and some inconclusive
results (eg, those related to the UK program®’), expert
consensus initiatives, such as those reported by O’Beirne
et al.'” and Agostiniani et al,' strongly recommend the
use of universal ultrasound screening. This approach
supports the prevention of late diagnoses®****! and
reduces the need for surgical treatment interven-
tions.?>3042 To ensure their quality and reproducibility,
both clinical and ultrasound-based examinations must
be performed by expert healthcare professionals, while
the establishment of continuous education programs for
the staff in charge is highly recommended.'>!3%

Study Limitations

This study was performed on databases without access
to specific medical records, so its results may be affected
by under-registration since the RIPS are manually fed
with ICD-10 diagnoses. Under- and delayed registration
may also be present in some municipalities along the
country’s Pacific coast, where the provision and report-
ing of healthcare services face significant difficulties
due to geographical accessibility.

Additional limitations include the lack of stratifica-
tion by severity within the DDH spectrum and the poten-
tial for data loss due to emigration. Some estimates
suggest that Colombian internal and external migrants
could exceed 4 million, nearly 10% of the country’s pop-
ulation. The perennial migration of Colombians from
rural to urban areas and abroad, driven by internal armed
conflict and poverty, peaked during the intense violence
period between 1996 and 2000* but remained signifi-
cant during the study period under consideration.

Conclusion

As far as the authors know, this study is the first to assess
the incidence of late-diagnosed DDH dislocation in
Colombia and Latin America. By considering the
region’s distinct geographical, genetic, and cultural fac-
tors, this research offers insights that can support future
DDH research and the formulation of effective public
health strategies to mitigate the impact of this disease.
Indeed, late-diagnosed DDH dislocation is a signifi-
cant public health concern in Colombia, with an esti-
mated incidence of 4.3 to 8.3 per 1000 live births from
2010 to 2020. Higher rates are exhibited in the mountain-
ous Colombian Andean region. Several studies in the lit-
erature report significant reductions in the incidence

rates of late-diagnosed developmental dysplasia of the
hip (DDH) and, specifically, DDH dislocations after the
implementation of nationwide screening programs>?*®
that combine expert clinical examination with ultrasound
techniques (eg, Graf’s method). Thus, the authors believe
adopting such a strategy could be valuable for the public
health management of this disease in Colombia.
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