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Background: Developmental dysplasia of the hip (DDH) is one of the most common hip pathologies in pediatric age group and late
diagnosis remains a major concern in Saudi Arabia.

Objective: The aim of this study is to examine the ability of Saudi Arabian pediatricians and family physicians to conduct clinical
screening for (DDH) by estimating their clinical knowledge and skills and analyzing the gaps therein to determine whether there is
potential to launch a national screening protocol for DDH in Saudi Arabia.

Methods: This is a multicenter cross-sectional study from three major regions in Saudi Arabia (Central, Eastern and Western
provinces). The assessed aspects are risk factors, age of screening, incidence in Saudi Arabia, physical signs and diagnostic markers,
and treatment, along with their ‘clinical knowledge and skills’ score.

Results: Half of the participants were pediatricians, while the rest were family physicians. More than a third of the participants were
considered to have adequate knowledge, ie, above the mean score. Dimensions with the most significant knowledge gaps included the
incidence of DDH in Saudi Arabia, adverse effects of swaddling, and the management of a high-risk infants presenting with a negative
physical examination. Additionally, there were relatively low rates of awareness regarding positive risk factors as well as a generally
poor ability to identify physical signs. Clinical knowledge and skill levels were significantly lower among family physicians.
Conclusion: Pediatricians and family physicians in Saudi Arabia still need further training to improve their clinical skills for DDH
screening. The proper administration of training programs could eventually enable the gradual implementation of a national systematic
screening program.
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Introduction

Developmental dysplasia of the hip (DDH) is one of the most common developmental defects leading to childhood
disability. It is defined by clinical and subclinical abnormalities in the shape, size, and/or orientation of the femoral head,
acetabulum, or both, leading to postnatal developmental problems with hip articulation and, ultimately, function.' The
incidence of DDH varies greatly across countries and ethnic groups; reported cases have increased dramatically in the
past few decades due to the use of ultrasound imaging and systematic screening.” Recently, incidence rates of 2.4-6.7 per
1000 newborns have been reported in Europe and the United States.* ® In Saudi Arabia, a systematic review found an
average prevalence of DDH of 10.5 per 1000 newborns during the period 1980-2018, with most cases being diagnosed
late, after 12 months of age, due to inadequate screening. This increased prevalence was associated with high rates of
consanguinity and family history.®
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Although mild forms of DDH, which cause minor hip instability, commonly resolve before the third month of life,
severely unstable and dislocated forms progress and lead to other anatomical and functional changes in soft tissue and
bone structures.’'” Therefore, early diagnosis and timely management are essential to improve functional prognosis and
prevent long-term complications. Systematic screening programs using different approaches that combine clinical
examinations and imaging have been implemented worldwide and show efficacy in improving early detection and
reducing the complications associated with late-detected or uncorrected DDH.'' Although comparative studies of

'L12 an international interdisci-

different screening approaches suggested no superiority of any method over the other,
plinary consensus, in 2019, advocated for universal ultrasound-based screening of DDH, notably by using the Graf
method both to diagnose and classify the defect.'* However, regardless of the method adopted, successful screening is
based above all on the physicians’ knowledge of DDH risk factors and on their clinical skills in performing adequate
physical examinations to detect abnormal signs and assess their significance.'*'%!*

In current practice, and despite the presumably high prevalence of DDH in Saudi Arabia, the clinical screening of
DDH follows no clear guidelines. It is usually conducted either by nurses or physicians (family physicians or
pediatricians) responsible for the well-baby clinic. It usually occurs during the systematic assessment and screening of
the infant for other diseases and the completion of mandatory vaccination. In a view to improve the practice, this study
examined the preparedness of Saudi pediatricians and family physicians to conduct clinical screening for DDH with the
goal of evaluating the potential and assets to a national screening program. The levels of knowledge about the risk
factors, gaps therein, basic physical examination skills, and management parameters were explored and compared

between disciplines.

Methods

Design and Population
A national cross-sectional study was conducted in August 2019 and informed consent was obtained before starting the
Supplementary Questionnaire from the specialists, consultant pediatricians, and family physicians working in the public

or private sectors of three regions of the Central, Eastern and Western provinces of Saudi Arabia from January 2019 to
May 2020. The study was approved by the institutional review board of our institution.

The sample size (N=65) was calculated to detect an unknown percentage (p=0.5) of participants with adequate
knowledge and skills in DDH screening among family physicians and pediatricians in Saudi Arabia with a 95%
confidence interval (CI), 80% statistical power, and 20% type 2 error. A stratified sampling was used to include an
equivalent number of family physicians and pediatricians (~200 in each group). Every center in each region participated

in the study.

Data Collection
A structured Supplementary Questionnaire was designed to assess the clinical knowledge and skills (CKS) of these

physicians in the detection of DDH. The survey included 11 questions covering the following topics: one question on the
incidence of DDH in Saudi Arabia (one correct answer out of five); one question on the appropriate age for screening
(one correct answer out of five); two questions on risk factors, including one on previously suggested factors (seven
correct answers out of 13), and another on those that should dictate further evaluation (two correct answers out of 13);
two questions regarding physical examination, including one about physical signs (five correct answers out of eight), and
another about the diagnostic value of hip click (two correct answers out of four); two questions regarding the most
appropriate management of two different presentations, one with risk factors but with a negative physical examination
(one correct answer out of five) and another with a positive physical examination (one correct answer out of four); two
questions about swaddling, including one about awareness of its effects on the development of the hip and lower limb
(one correct option out of four) and another regarding the practical attitude and advice the participant should give the
mother of a swaddled infant (one correct option out of three); and one question on self-assessed confidence in performing
hip instability tests, including Ortolani and Barlow maneuvers (four levels of confidence).
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The Supplementary Questionnaire was verified in terms of structure and content by two independent pediatricians and

a pilot test was carried out among 10 physicians to test the clarity of its items.
The Supplementary Questionnaire also collected data on the sex and home region of the participants, as well as on

their professional and academic credentials, including specialty (pediatrician versus family physician), academic level
(specialist, consultant), and exposure to DDH screening in routine practice.

The Supplementary Questionnaire was edited for use online and was administered through the REDCap survey
platform of KFSH&RC.

Statistical Methods
Statistical analysis was performed with SPSS version 21 for Windows (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were used to examine the responses to the different parts of the Supplementary Questionnaire. Categorical

variables are presented as frequencies and percentages, while numerical variables are presented as means + standard
deviation (SD).

An accuracy score (range 0—1) was calculated for each of the 11 questions as the number of correct answers divided
by the total number of possible answers to a given question. Accuracy scores were compared between pediatricians and
family physicians using an independent #-test; results are presented as mean (SD). A CKS score (range 0-100) was
calculated as the sum of accuracy scores divided by 11 and multiplied by 100; the higher the score, the higher the
expertise of the participant. An adequate CKS level was defined as a CKS score above the mean population score or the
theoretical mean (50/100), whichever is higher. The factors relative to the CKS were analyzed by comparing both CKS
scores and the percentage of overall adequate CKS scores between regions, sex, disciplines, academic levels and
exposure to DDH screening programs using one-way ANOVA or independent #-tests and chi-square, respectively.
A p-value <0.05 was considered to reject the null hypothesis.

Results

Characteristics of the Participants
A total of 410 participants completed the survey, 56.3% of whom were women. There was a low participation rate for
residents (8.5%) and a high participation rate for consultants (56.3%). The distribution of participants was fair in both

disciplines and regions, as shown in Table 1.

Table | Participant Characteristics

Parameter Category Frequency Percentage
Region Western 136 33.2%
Central 134 32.7%
Eastern 140 34.1%
Sex Male 179 43.7%
Female 231 56.3%
Discipline Pediatrician 203 49.5%
Family physician 207 50.5%
Academic Level Consultant 231 56.3%
Specialist 144 35.1%
Resident 35 8.7%
Exposure to DDH screening in routine practice No. 131 32.0%
Yes 276 67.3%
No answer 3 0.7%
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Assessment of Knowledge and Skills

The mean CKS score of the study population was 53.8 (SD=11.6); the mean was significantly higher among pediatricians
(57.5 [SD=12.1]) than among family physicians (50.2 [SD=9.9]) (P<0.001). The dimensions with the most significant
knowledge and skill gaps included the incidence of DDH in Saudi Arabia (mean=0.10), adverse effects of swaddling
(0.22), and the management of a high-risk infant presenting with a negative physical examination (0.24). Family
physicians scored lower than pediatricians in these categories, but statistical significance was only observed in the latter
two. The dimension with the highest score was the identification of currently considered risk factors (mean= 0.83), with
no observable differences between the two disciplines (P=0.903) (Table 2). The percentage of participants who achieved
adequate CKS (defined as a CKS score <54/100) in the detection of DDH was 41%.

Specific knowledge about currently considered risk factors (among 13 suggestions) and physical signs (among 8
suggestions) are presented in Figures 1 and 2, respectively. Figure 1 shows the relatively low rates of correct identifica-
tion of the following currently considered risk factors: breech delivery/breech position in the third trimester (68.5%),
family history of DDH (65.9%), and correct exclusion of female sex (55.9%) as a risk factor. All other factors were
correctly excluded by >70% of the participants. Figure 2 shows the lower rates of correct identification of the five
physical signs of DDH (30.7-60.2%); all other signs were correctly excluded by >90% of the participants.

Factors Associated with Overall Knowledge and Skills
The levels of CKS in DDH screening were significantly higher among pediatricians (P<0.001 and P<0.001) participants
from the Central region (P<0.001 and P=0.008), and those who are routinely exposed to DDH screening (P<0.001 and
P<0.001); this was determined by comparing their scores with their counterparts and by comparing both CKS scores and
adequacy rates, respectively.

Furthermore, the level of self-reported confidence in performing Ortolani and Barlow maneuvers was significantly
predictive of both the CKS score (P<0.001) and the adequacy rate (P<0.001) (Table 3). To explain the higher levels of

Table 2 Accuracy of Responses in Different Knowledge Dimensions in the Total Study Population and in Pediatricians versus Family

Physicians

Knowledge Dimension Scores — Mean (SD)

Total Pediatricians | Family Physicians | p-value
Previously considered risk factors 0.69 (0.15) 0.71 (0.15) 0.66 (0.15) 0.001*
Currently considered risk factors 0.83 (0.11) 0.83 (0.11) 0.83 (0.12) 0.903
Appropriate screening age 0.73 (0.44) 0.83 (0.37) 0.63 (0.48) <0.001*
Effects of swaddling 0.22 (0.42) 0.28 (0.45) 0.16 (0.37) 0.003*
Incidence of DDH in KSA 0.10 (0.30) 0.11 (0.32) 0.09 (0.29) 0.454
Physical signs 0.61 (0.22) 0.64 (0.22) 0.57 (0.21) 0.001*
Clinical significance of hip click 0.63 (0.21) 0.62 (0.22) 0.63 (0.20) 0.953
Management of high-risk infant with negative physical examination 0.24 (0.35) 0.29 (0.39) 0.20 (0.30) 0.010*
Management of the infant with positive physical examination 0.61 (0.40) 0.67 (0.40) 0.55 (0.40) 0.002%*
Advice to mother on swaddling 0.51 (0.41) 0.52 (0.42) 0.50 (0.40) 0.606
Self-reported confidence in performing Ortolani and Barlow maneuvers | 0.74 (0.23) 0.80 (0.22) 0.69 (0.22) <0.001*
CKS score 53.8 (11.6) 57.5 (12.1) 50.2 (9.9) <0.001*

Notes: Values are given in terms of mean (SD) and are calculated out of | for all knowledge dimensions and out of 100 for the CKS (clinical knowledge and skills) score. The
higher the value, the better the level of knowledge. A comparison between pediatricians and family physicians was performed using an independent t-test. *p-values <0.05
were considered statistically significant results.
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Risk Factor
Assaociated hand defarmity— 99.0%'

Maternity consumption of alcohol— 98.0%'

Maternity smoking] 96.3%'

Assaciated torticallis™] 92.ﬂ%|

Male gender— 91.7%|

Assaciated spine defarmity—] 89.0%‘

Low birth weight-] 88.8%|

Overweight at birth—] 82.4%|

Associated foot defarmity—} 81.5%|

Firstborn child— 74.6%|

Breech delivery/ breech position at 3rd trimeste

Family history of DDH

Female gender— 55.9%'
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Figure | Knowledge among pediatricians and family physicians in Saudi Arabia about the risk factors currently considered for Hip developmental dysplasia in infants. Bars
represent the percentage of participants who correctly identified (dark bars) or correctly excluded (light bars) the given factor.

Sign
Patellar dislocation 98.3%
Limited hip adduction™] 90.7%
Limited hip flexion] 90.5%
Hip clic

Leg length discrepanc

Limited hip abductio

Asymmetrical gluteal fold

Asymmetrical inguinal fold

[ T T T T T
0% 20% 40% 60% 80% 100%

Correct answers (%)

Figure 2 Knowledge among pediatricians and family physicians in Saudi Arabia about physical signs of developmental dysplasia of the Hip in infants. Bars represent the
percentage of participants who correctly identified (dark bars) or correctly excluded (light bars) the given sign.
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Table 3 Factors Associated with Clinical Knowledge and Skills in Screening for Developmental Dysplasia of the Hip in

Infants
Factor/Category N CKS Score, p-value® | Adequate p-value®
Mean (SD) CKS Level, %
Region <0.001* 0.008*
Western 136 | 51.3 (9.8) 338
Central 134 | 57.3 (13.3) 51.5
Eastern 140 | 52.9 (10.7) 37.9
Sex 0.897 0.459
Male 179 | 53.(12.0) 43.0
Female 231 | 53.7 (11.3) 394
Discipline <0.001* <0.001*
Pediatrician 203 | 57.5 (12.1) 522
Family physician 207 | 50.2 (9.9) 30.0
Academic level 0.415 0.820
Resident 35 | 51.6(123) 40.0
Specialist 144 | 53.5 (11.2) 43.1
Consultant 231 | 543 (11.8) 39.8
Exposure to DDH screening in routine practice <0.001* <0.001*
No 131 | 49.4 (6.3) 16.8
Yes 276 | 55.9 (12.9) 52.9
Confidence in performing Ortolani and Barlow maneuvers® <0.001* <0.001*
0 2 33.5 (3.6) 0.0
0.25 18 | 47.7 (8.7) 22.2
0.50 110 | 51.7 (11.6) 36.4
I 145 | 60.4 (12.6) 69.7

Notes: SLevels are defined as: 0, Never heard of it or read about it, 0.25; Theoretical knowledge only; 0.50, Practicing but not confident; |, Practicing
and fully confident. Tests used: *One-way ANOVA or independent t-test, as applicable, "Chi-square test; *p-values <0.05 were considered statistically
significant differences (p<0.05).

CKS in the Central region, a contingency table analysis showed a fair distribution of discipline by region with a chi-
square P-value=0.765.

Discussion

Several DDH screening programs have been implemented using different techniques but without much evidence-based
support, leading to controversy, particularly regarding imaging criteria and discrimination between abnormal findings and
normal developmental variants of the hip.'> Therefore, clinical screening remains a key investigation in the absence of
national guidelines. This national survey estimated the preparedness of pediatricians and family physicians to perform
clinical screening for DDH in Saudi Arabian infants. It showed low levels of CKS among nearly 60% of the participants,
with relatively higher proficiencies among pediatricians and participants from the central region of the country. Most
participants indicated inadequate knowledge of the position of the breech and positive family history as risk factors, as
well as physical signs of DDH. Exposure to DDH screening in routine practice was associated with better knowledge and
skills, and the level of self-reported confidence in performing Ortolani and Barlow maneuvers was positively correlated
with the level of overall CKS.

The most significant knowledge gap was related to the incidence of DDH in Saudi Arabia, which was correctly
identified by only 10% of the participants. Notwithstanding the methodological limitations of national studies, DDH
incidence is reported to be 1.5-times higher in Saudi Arabia than in international studies; a dramatically higher proportion
of these cases are diagnosed with functional disorders at walking age.*® Furthermore, in terms of the apparently low
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detection rates and the specific epidemiological and social factors, which combine high consanguinity rates and the

816 these incidence rates, although very high, may underestimate the real figures. As

public prevalence of swaddling,
such, DDH should be considered a public health problem in Saudi Arabia and would benefit from significant interest
from authorities and healthcare providers.

The second most significant gap concerned the negative effect of swaddling, which was correctly identified by 22% of
the participants. Swaddling, especially when done tightly and involving the lower extremities, is considered a risk factor
for DDH and predisposing to dysplasia.'” '® Infant swaddling is common in the Middle East, including Saudi Arabia,
where majority of the mothers are unaware of its relationship with DDH.?° Furthermore, a study using dynamic
ultrasound estimated the effect of different swaddling techniques on hip instability and showed that swaddling restricting
leg motion is associated with an increased risk of hip instability and dislocation.”' Inadequate awareness of physicians
about these negative effects observed in this study could impact the education of the mothers. In our survey, providing
accurate advice on swaddling yielded a very low knowledge score, which stresses the need to educate physicians,
especially those in primary pediatric and obstetric care, in order to increase patient awareness of the general adverse
effects of swaddling while emphasizing incorrect techniques.

The third most significant gap was related to the management of a high-risk infant presenting a normal physical
examination; only 24% of the participants (29% of pediatricians and 20% of family physicians) indicated that they would
request an ultrasound examination of the hip and refer the infant to pediatric orthopedics at six weeks of age for further
examination. Although little evidence supports this practice, the 2019 International Consensus recommended universal
screening between 4 and 6 weeks of age, in the absence of risk factors.'® Early referral to specialists is encouraged to
optimize diagnosis and treatment and prevent reconstructive surgery.'>* This practice should be promoted even more in
Saudi Arabia given the inadequate levels of clinical skills among primary care pediatricians and family physicians, as
confirmed in this study. Furthermore, the sensitivity of the physical examination has not been well documented, and once
undertaken, great variations are to be expected based on the level of expertise and skills of the physician. A recent Italian
study, based on the International Consensus, demonstrated a very low sensitivity of clinical examination in diagnosing
DDH, with reference to universal ultrasound screening.”® Authors incriminated the lack of adequate training in pediatrics
schools on DDH, which is consistent with our observations. Local data indicate that the diagnosis of DDH is delayed in
most cases, which is attributable to social factors and inadequate parental awareness, but also to limited screening due to
the absence of a national screening program.®'®** The present study complements these data and highlights the need to
enhance the knowledge and skills of primary physicians to create a foundation for a successful screening program.

Although several factors have been associated with DDH, the most recent evidence suggests that breech presentation
in the third trimester and a positive family history are the most significant. These two factors are associated with DDH
with an odds ratio of 5.7 and 4.8, respectively, as demonstrated by a meta-analysis.'* In the present study, approximately
one-third of the physicians failed to identify these two risk factors. More importantly, a high percentage of breech infants
are found to have residual dysplasia at approximately six months of age, even with an initially stable hip and negative
early ultrasound.'®® This provides strong justification for intensifying the investigation and monitoring of such babies to
secure their hips while awaiting definitive diagnosis. Similarly, a positive family history should be systematically
determined, especially in populations with high rates of consanguinity, such as Saudi Arabia, where high percentages
of familial forms of DDH have been reported.'®!'%*® Several studies have established the association of pedigrees from
families with DDH with a number of gene variants, such as COLIAI, GDF5, HOXBY9, IL6, and HOXDY, and in
chemokine receptor genes (CX3CRI).*” In the Saudi population, the SNP rs143383 variant of the GDF5 gene in both its
homozygous and heterozygous forms has been associated with a higher risk of DDH.*® This further indicates the
relevance of genetic screening and counseling in populations with high rates of family history of DDH.

Besides stressing awareness and active investigation of risk factors as keys to enhancing proper clinical screening, our
observations raise the prognostic value of these risk factors, even with negative findings in early physical examination
and ultrasound imaging. Most pediatricians and family physicians did not identify the proper management in case of
normal physical examination of a high-risk infant. Conversely, most clinicians indicated that they would request
ultrasound imaging and refer the infant to pediatric orthopedics in case of abnormal physical examination. This suggests
that, for the participants, finding of the physical examination prevail over the diagnostic and prognostic values of the
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major risk factors. This misconception should be addressed, as it de-emphasizes high-risk patients with negative early
screenings. Furthermore, findings of the physical examination are operator-dependent and depend on the physician’s
competency, which reduces their reliability. Therefore, in the context of Saudi Arabia, early and systematic referral of
high-risk patients to experts and pediatric orthopedists should be promoted.

On the other hand, our study revealed a moderate-to-fair level of knowledge of physical signs and relatively high self-
reported confidence in performing Ortolani and Barlow maneuvers, which are simple methods used to assess hip stability and
to detect a dislocated femoral head, respectively.'>° Approximately 60% of the participants in this study considered a hip
click as a positive sign of DDH; its clinical significance was correctly associated with the Ortolani and Barlow maneuvers with
an accuracy score=0.63/1. These findings could be considered encouraging, except that there was a weak correlation between
the two questions (Pearson’s coefficient=0.30, P<0.001) in the responses of the participants. Furthermore, neither of the two
questions was correlated with the confidence in performing the maneuvers (Pearson’s correlation<0.1, P>0.500), which
signifies that the physicians most confident in performing these maneuvers are not those who are most aware of the importance
of hip click. This indicates an inconsistency in the knowledge of physical examinations and the unreliability of self-reported
levels of practice, which affects the trustworthiness of the most optimistic findings in this dimension. Further studies are
warranted to provide a more accurate assessment of the levels of practice in clinical screening for DDH and to address this
inconsistency between theoretical knowledge and self-reported practice.

There was a significant difference in CKS levels in DDH between pediatricians and family physicians: 52.2% of
pediatricians had an adequate level of CKS compared to only 30% of family physicians. The most significant knowledge
gaps among family physicians compared to pediatricians (>.1-score difference) were related to appropriate screening age,
effects of swaddling, and the management of infants with positive physical examination, in addition to self-reported
confidence in performing Ortolani and Barlow maneuvers. These differences may reflect the levels of exposure to DDH
screening in routine practice. Further subgroup analysis showed a higher exposure to DDH screening in pediatricians
(73.1%) as compared to family physicians (62.6%), with a statistically significant difference (P=0.023). In our opinion,
and in view of the other findings, these differences are not large enough to justify specific measures for family
physicians. Rather, both disciplines should be involved in national training programs to increase awareness and skills
of physicians to the required level for an appropriate clinical screening. This program should be completed with the
implementation of a standard decision tree and a reliable referral system to optimize early diagnosis and management.

The method used to determine the levels of knowledge and skills and the set of included questions could lead to validity
concerns and impact the generalizability of the findings. The major limitation is that the Supplementary Questionnaire and its

related scale are not validated by the scientific community, which may hinder the external consistency of the findings.
Nevertheless, the Supplementary Questionnaire was designed to cover the most important basic and practical issues that

physicians must consider estimating their readiness to perform DDH screening; it was not intended to provide an accurate
evaluation of their level of practice. The latter issue requires additional studies, as mentioned above.

Conclusions

Pediatricians and family physicians in Saudi Arabia are currently not ready to perform clinical screenings for DDH due
to inadequacies and inconsistencies in their knowledge and skills. More remarkably, there is suboptimal awareness of risk
factors and their diagnostic value, and inconsistent knowledge of physical examination and indications of different
clinical signs. Given the high incidence of DDH in Saudi Arabia, it is urgent to implement a stepwise national strategy
that culminates in an effective and systematic screening program. This process should begin with efficient training of
primary care physicians involved in newborn assessment to improve their awareness of the condition and its risk factors,
as well as their clinical screening practices. This should be supported by the implementation of a standard decision tree
and a reliable referral system to optimize early diagnosis and management. Well-trained physicians could educate parents
about the risk factors for DDH, especially swaddling and a positive family history, which in turn would trigger their
participation in prophylaxis and monitoring of high-risk infants. Obstetricians and healthcare providers who work in
family planning and antenatal care could be involved in a multidisciplinary approach and have also become involved in
parental education and genetic counseling.
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Strengths and Limitations
e This was a national study that involved participants from 3 regions of the Kingdom.
e Level of knowledge was assessed using a multidimensional scale covering the most important basic and practical
issues about DDH.
e The reliability of the assessment of practice and skills may be questionable.
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