Radiographic Outcomes and Evaluation of Developmental Dysplasia of
theHip in Children

S R Venturaand A C Monteird

'Radiology Department, Escola Superior de Tecnoldgi$atde - IPP,
Gaia, PORTUGAL

23Centro Hospitalar do Porto and Radiology Departroéiitscola Superior de Tecnologia da Saude - IPP,
Gaia, PORTUGAL

'smr@estsp.ipp.ptacm@estsp.ipp.pt

Lanww.estsp.ipp.pt

ABSTRACT

The Developmental Dysplasia of the Hip (DDH), aksmw as Congenital Dislocation of the
Hip, is common in infants and children and may isérsito adulthood. The radiographic
interpretation is highly conditioned by approprigiatient positioning and image quality
criteria. The main goal of this study is to demaaist the value of radiographic evaluation of
DDH. Through the retrospective analysis of 65 rgchphs of the hips, only 2 (3.1%) female
patients with 1-2 years of age presented radiogedpidings of DDH. The inappropriate field
size and the improper placement and size of thadmrshields, were the most common errors
observed.

Keywords: Developmental Dysplasia of the Hip, Radaphic Evaluation, Pediatric Hip
Radiography, Radiographic Imaging Techniques, Radjshic Image Findings.

RESUMO

A Displasia de Desenvolvimento da Anca (DDA), també&onhecida como Luxacgdo
Congénita da Anca, € comum em bebés e criancagngodpersistir na idade adulta. A
interpretacdo radiografica é altamente condicionpeéid posicionamento do paciente e
critérios de qualidade da imagem. O principal cfoje deste estudo € demonstrar o valor da
avaliagdo radiografica da DDH. Através da analeteospectiva de 65 radiografias da bacia,
apenas 2 (3,1%) pacientes do sexo feminino comegladtre 1-2 anos apresentaram achados
radiogréficos de DDH. O tamanho inadequado do clasascolocacéo e tamanho incorrecto
das proteccdes gonadais, foram os erros mais conterabservados.

Palavras-chave: Displasia de Desenvolvimento deaAAvaliacdo Radiografica, Radiografia
da Anca Pediatrica, Técnicas Radiograficas, Achauagioldgicos.

1. INTRODUCTION

The full spectrum of abnormalities that affects themature hip are know by the term Developmental
Dysplasia of the Hip (DDH), and can predispose #édclo premature degenerative changes and painful
arthritis (ACR, 2007; Storer & Skaggs, 2006). Argnarmality in size, shape (dysplasia), orientation
organization of the femoral head, acetabulum ohbbo&n result in subluxation or dislocation (Stoger
Skaggs, 2006).

Because no first-line method exists for diagnasfisDDH during the newborn period, the physical
examination is the recommended screening tool,iquéatly for high-risk infants (female patients and
positive family history for DDH). The hip stabilitmust be assessed by means of provocative dynasti t
(the Ortolani and Barlow maneuvers) and be perfdrmoaitinely since the birth of child. The gendéme t
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family history, and uterus conditions (elgyeechpositioning and utero postural deformities) are thost
frequent risk factors related with the DDH.

Diagnostic criteria are an important factor of irhce in incidence rates in infants with DDH, pholysas
a result of overdiagnosis. According (USPSTF, 200@) incidence of DDH in infants is influenced by
several factors, including the diagnostic criteféamale gender, genetics, race and age. This é¢ondiffects
1.5 per 1,000 of the American Caucasian populatiod it is less frequent in African Americans (ACR,
2007). Due to the normal left occiput anterior gosiin uterus, these abnormalities are three timese
commons in the left hip than the right.

Therefore, the aims of our study are to demonstitatevalue of radiographic imaging techniques to
establish a correct diagnosis of DDH and give agraew of radiographic hips positioning issuesliildren
and image quality criteria.

1.1 Radiographic evaluation overview

Given the limited value of radiography in newborithvsuspected DDH, in children younger than six then
the ultrasonography (US) is the best method (St&r&kaggs, 2006). Until four to six months of agiee
femoral heads don't are ossified, and only ultragpaphy is capable of visualizing the cartilaginous
anatomy of the femoral head and acetabulum. Péaliographs are recommended after four to six maasiths
age, allowing the evaluation of the hip by meanshefvisual assessment and measurements usingkever
reference lines and angles (see Table 1).

Table 1. Reference lines and angles used for radiographatuation of the hips of patients with DDH.
Adapted fron{Greenspan, 2004)

Referencelines Angles
Anteroposterior projection Hilgenreiner liné-Line) Acetabular index
Perkins-Ombredanne line Wiberg angle

Shenton-Ménard line
Localization of the ossification
center of femoral head
Von Rosen view von Rosen line None

*only used after femoral head ossification.

The visual assessment of pelvic radiographs isgmathntly used; however the measurement of the
acetabular index (Al) is an objective parameterdiagnosis and follow-up of patients with DDH. Acdimg
the American College of Radiology the 95 percetgramce interval for intraobserver variability is38
degrees, with interobserver variability exceedimg intraobserver variability (ACR, 2007). The ragt@phic
interpretation is highly conditioned by an apprapgipatient positioning (symmetry and rotation eatibn)
and by the image quality criteria of intraobserviene Figure 1 shows the reference lines and Al deed
radiographic evaluation of the hips of patientswidDH.

Figure 1. Example of the measurement of the acetabular inde# in hip radiography of
normal children.

2 Proc. £'ICH Gaia-Porto, Portugal, 2010
(02010 f'ICH Gaia-Porto /ESTSP-IPP, PT



However, the U.S. Preventive Services Task FAU&PSTF) have concluded that 60 to 80 percent of the
newborn hips identified by physical examination amare than 90 percent identified by Ultrasonogragtsy
abnormal or suspicious for DDH resolve spontangoaistl require no intervention (USPSTF, 2006).

The preliminary pelvic radiographic examinationfpemed on children includes an anteroposterior (AP)
projection of both hips and the Lauenstein (“freg’l position) projection (Ballinger & Frank, 1999)he AP
projection must be obtained with the hips in ndytsition (ACR, 2007). To demonstrate in acceritgpa
dislocated hip, complementary radiographic proggtican be useful, namely the von Rosen view \gits |
at 45 degree angle, abduction and internally rdtefde “frog leg” position is used to assess reduacivhen
neutral view is abnormal.

For the AP projection, the patient must be plagedupine position on the examination table with the
midsagittal plane of the body centered with thedlinie of the table (Ballinger & Frank, 1999). THeaws
must be flexed with hands resting on the uppertclgsure patient body isn’t rotate and centercesette
midway between the anterior superior iliac spin&Si@) and the pubic symphysis. The resulting image
should clearly demonstrate the entire pelvis alaith the proximal femora, both ilia equidistantttee edge
of the radiograph, symmetry of bone structuresil{as alae, obturator foramina) and sacrum and yocc
aligned with the pubic symphysis.

Figure 2 depicts two radiographic positioning perfed in children and the resulting images. As
observed in Figure 2b, the patient body rotatiomsea an asymmetry of the bony structures of pedvid,
difficult the correct placement of the gonadal khieA correct pelvic radiographic positioning is
demonstrated in Figure 2a; all efforts must beqgrenfto obtain a correct bony symmetry in ordemipriove
radiographic interpretation and consequently tlaguibsis.

Figure 2. Examples of a correct (a) and an incorrect (b) @gtiaphic positioning of pelvis.

Radiation protection is an important factor to lakeh into account when selecting radiographic
evaluation. When directly pelvic exposure is neaggsgonads must be protected and without impairing
necessary diagnostic information, however for treudnstein projection, gonad shields are unsuitable
(Ballinger & Frank, 1999; European Commission, 1996

Concerning the use and relevance of gonadal pioteshields in Children during pelvic radiograptie
following guidelines (Ballinger & Frank, 1999) sHdube followed by the radiology technologist:

= Use always gonadal shielding on mal@$e top of the shield can be placed at level wiith
trochanters covering the scrotum and without obisguthe pubic symphysis. Avoid touching the
pubic symphysis.

= In females, the gonadal protection cannot be usethe first AP pelvic radiography.he top of the
gonadal shield must be placed at level with theSA&intered with the mid-pelvis.

= Choose appropriate gonadal protection size accaydihild body composition and age.

= Remove diapers and check that both ASIS are etpntlisom the examination table before gonad
shield placement.
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= Use explanation and reassurance as part of the ibiimation method.For the active or the
potentially active child, use a Velcro strip arouhd knees and place large sandbags over the arms.

The relative radiation level (RRL) is based on etffee dose used to estimate population total ramiat
risk associated with an imaging procedure. TheovWalhg table describes the RRL for the radiologic
procedures approved by (ACR, 2007) for the evadmatf DDH and their rating according the DDH
variants.

Table 2. Relative radiation levels and rating of the radigio procedures used for the evaluation of DDH .

DDH child variants Radiologic procedure Rating RRL
Variant 1 (patient younger

4 months of age and positive US hips 7 None
Physical findings) X-Ray hips 2 Mexahi
Variant 2 (patient younger

4 months of age and equivocal US hips 8 None
physical findings) X-Ray hips 2 Medi

Variant 3 (patient younger
4 months of age, breech presentation or

positive family history) without physical  US hips 6 None
findings X-Ray hips 2 Medium
Variant 4 (patient 4 months of age or older, Usshi 3 None
clinically suspicious for DDH X-Ray hips 8 Medium
Variant 5 (clinical suspicious for US hips 5 None
teratogenic dysplasia X-Ray hips 8 edim

Rating scale:1=least appropriate, 9=most appropeiat

In late DDH, the imaging goals consist firstly iraking the diagnosis, then to quantify the abnoryali
and finally to assist in surgical planning (Grissarfarcke, & Thacker, 2008). According (Clohisy &t a
2009) the process of obtaining quality in radiodiapviews and subsequently interpreting those igrdjohs
accurately is extremely important for establishiagcorrect diagnosis. The reliability of radiographi
parameters in evaluating the skeletal immature hgpsains unclear. Several authors have examined the
interobserver and intraobserver reliability of sédel measurements (Boniforti, Fujii, Angliss, & Ben,
1997; Clohisy et al., 2009; Hartofilakidis, Yianmgdoulos, & Babis, 2008; Pedersen et al., 2004; Ahtgs,
Copuroglu, Ozcan, & Ture, 2001). In Clohisy et @009, the authors have concluded that many of the
standard radiographic parameters used to diagnfde &e not reproducible; therefore patient suspigio
and physical examination contribute considerablgh&interpretation of the radiographs.

The remaining of this paper is organized as followsthe next section, the paediatric patients and
methods used for the image quality assessmenteaiided, in particular the data analysis procEssn, in
section three, the image quality criteria and ppakcradiographic outcomes are presented and disdys
considering the radiographic positioning issues aadiographic orthopaedic measurements of pelvic
radiographs. Finally, the conclusions are pointetimthe last section.

2. METHODS

2.1  Paediatric patients

We selected randomly 65 paediatric patients, wittarsge of ages between 3 months to 13 years, who
performed pelvic radiographs at the Radiology Depant of the Hospital S. Jodo E.P.E. of Porto, rauyri
January to May 2010. All the paediatric patientds h@alized at least one pelvic radiography, 19epadi
realized the AP projection of both hips and the draaiein (“frog leg” position) projection; the retguit
radiographic projections mean was of 1.29. Singeai not possible to obtain the clinical informatfor the
radiographic examination, a different number ofesawere evaluated from normal children to childnett
DDH.
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2.2  Image quality assessment and measurements

Through the retrospective analysis of 65 radiogsgmérformed in children, the image quality was sssé
by a single person for consistency. Only the AHgmtion of the pelvis was selected and evaluateacézh
patient with regard to the appropriateness of mmeltvant image quality criteria and to the radiadog
outcomes and measurements.

The image quality criteria of radiographs weresassd taking into consideration the presence @nabs
of the following parameters:

= No rotation or symmetry of the pelvis.
= No tilting. lliac alae at the same horizontal line.
= Proper central ray.

= Appropriate field sizeCassette size of 18 x 24 cm (8 x 10 inch) innagal, 24 x 30 cm (10 x 12
inch) in infants and 35 x 35 cm (14 x 14 inch) children older than 10 years

= Appropriate x-ray beam limitatiodt was considered adequate only when x-rays bealimation
was superior to 1-2cm

= Gonadal shield placement and its adequacy.

Regardless of the appropriateness or otherwisieedihage quality criteria, all the radiographicammes
were used. Using DICOMWorks® (version 1.3.5b, depetl by Philippe Puech and Loic Boussel), a free
DICOM viewer, we performed the visual assessmedtraeasurements of the following parameters:

=  Femoral head or ossification center visualization.

=  Shenton-Ménard lin€lhis line must be continuous and cross the méxieder of femoral neck and
the superior border of the obturator foramina.

= Perkins-Ombredannkne crossing femora and localization of the ossifion center or femoral
head in the inferior medial quadrant.

= Distance between the highest point of the femomthphysic and the Y-Lindhis measure was
performed only when the bilateral comparison seeomsiderably different.

= Acetabular index.Angle formed by the acetabular roof line and the.iive. This angle was
measured only when Shenton-Ménard line was broken

3. RESULTS

Of the 65 pelvic radiographs studied, 34 were peréd in female and 32 in male patients. Of theslerem
53.8 percent have between 1-2 years of age, aifd@®6) are older children (over then 3 years of aghg
results of the assessment of the image qualitgraiof radiographs are summarized in Table 3.

Table 3. Assessment results of image quality criteria.

No (%) present (n=65)

1. No rotation or symmetry 51 (78.5)
2. No tilting 31 (47.7)
3. Proper central ray 42 (64.6)
4. Appropriate field size 24 (36.9)
5. Appropriate x-rays beam limitation 22 (33.8)
6. Gonadal shield placement 38 (58.5)

As observed in Table 3, the absence of body mtatr symmetry was achieved in 51 (78.5%) of the
paediatric patients. The gonadal protection wasl irse8 patients; however it only was placed cdlyea
15 of these children. Unprotected gonadal shielgiag encountered almost in the same proportiotdtin
genders, namely 51.9 percent of the female andpErdent of the male children.

The incorrect placement or an inadequate sizehefgonadal shields observed in 23 (60.5%) hips
radiographs, besides the ineffective purpose ofises makes difficult the diagnosis obscuring pebony
structures. Furthermore, additionally to the ungcteéd radiographs, the excessive radiation expostre
gonads is significant (76.9%) in this study.

Proc. ' ICH Gaia-Porto, Portugal, 2010 5
(02010 f'ICH Gaia-Porto /JESTSP-IPP, PT,



Comparing the image quality criteria results, viserved the considerable lower percentages comegrni
the field size (36.9%) and x-rays beam collimat{B88.8%). These parameters are chosen by the ragiolo
technologists and besides its relevance for thematadiation protection, have an important imgadmage
detail.

The most frequent errors found in this image datalysis were the inappropriate field size accaydin
child body composition and age (in general largassettes) and the improper size of gonadal shields
(covering and obscuring bony structures).

The radiographic outcomes and measurements arerddmrated in Table 4. From the results of
radiographic evaluation, normal findings were foumé&?2 (80%) children. Only two female children%)
with 1-2 years of age have presented radiographitinigs of DDH, on the left hip. Besides the abseat
the ossification center, we observed for both cagEsthe Shenton-Ménard line broken; (2) Perkins-
Ombredanne line don't crossing femora; (3) diffeen existing when comparing the distances measured
between the highest point of the femoral metaphgsid the Y-Line for both hips; and (4) an Al ab@@&
degree.

Table 4. Radiographic outcomes and measurements
Number (%) present (n=65)

1. Normal radiographic findings 52 (80)

2. DDH radiographic findings 2 (3.1)

3. Hardly enlightening to diagnosis 11 (16.9)
Number present

4. Distance range 9 and 15 mm

5. Acetabular index range 33 and 38 elegr

Nevertheless, on 11 (16.9%) pelvic radiographsasn’t possible to realize an adequate and accurate
radiographic analysis mainly because we observeidappropriate patient body symmetry and an inabrre
use of the gonadal protection shields.

4. CONCLUSIONS

In this study we demonstrate the value of radiogi@pvaluation of the pelvis to establish a cordiagnosis
of DDH and we give an overview of radiographic piosiing issues of the hips in children and imagaligy
criteria. The most important radiographic outcora€$5 pelvic radiographs were presented and thgéma
data was analyzed. Regarding to the image quatitgria assessment, the results are very satisfgcto
mainly the symmetry of the patient body (78.5%).

The radiographic outcomes and measurements deratatsthat only 2 (3.1%) female patients with 1-2
years of age presented radiographic findings of DDH the left hip. However, on 11 (16.9%) pelvic
radiographs, it wasn't possible an accurate assagsrdue to inappropriate field size and the improp
placement and size of gonadal shields (coveringadasduring bony structures).

In our study some difficulties have been encoumnterencerning the evaluation of the radiographic
appearance of the pelvis, namely of the acetabulypropriate care must be taken in the visual asses
of radiographs due to the normal anatomical vanatf bone structures during infancy and also beede
radiographic interpretation is highly conditioneg fmatient positioning issues (e.g. symmetry, plaeanof
gonadal shields). These problems can be partiallyed by means of a software program, as develdyed
Pedersen et al., 2004, to automate the measur@hgtstandard radiographic parameters used in DDH.

However, regarding the parameters related withfitd size and x-rays beam limitation, the resaits
very disappointing; in 41 (63.1%) patients the e#tsssize selected by the radiology technologiss wa
generally to larger considering age and body coitipas and the x-rays beam limitation was performed
only in 22 (33.8%) patients. Considering the reteeaof these parameters, either to improve imagditgu
and reduce radiation exposure to patients, more aad efforts should be made to improve the acgurfic
the diagnosis, namely in paediatric population.

Despite our attempt to demonstrate the value abgadphic evaluation to establish a correct diagnot
DDH, our results emphasize the importance of acobmadiographic positioning pointing the most cosnm
errors affecting the reliability in radiographiadinosis. This also highlights the need of undedstae many
functional differences of paediatric patients cormEawith adults, in order to adopt the best pagiduring
the pelvis radiographic examination, improving tineage quality and consequently the diagnosis and
accuracy of measurements.
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The application of the current guidelines concegnthe radiation protection must be assessed and
followed as far as possible, and more care shoelthken in the correct positioning of gonad shieldwir
use must be more emphasized in clinical departmdmits without compromising the diagnosis of hip
abnormalities.

Acknowledgements: The authors are grateful to Técnica Claudia Figulei and Técnica Paula Abreu of the
Hospital S. Jodo E.P.E, Porto for their help lowatiadiographs.

5. REFERENCES

ACR. (2007). Developmental Dysplasia of the Hip -hil€ Summary of Literature Revieworth. Criteria,
ACR Appropriateness.

Ballinger, P., & Frank, E. (1999Merrill's atlas of radiographic positions and radagic procedureg10
edition.). St. Louis, MO: Mosby.

Boniforti, F. G., Fujii, G., Angliss, R. D., & Beas, M. K. (1997). The reliability of measurementgpelvic
radiographs in infantd.he Journal of bone and joint surge@®(4), 570-575.

Clohisy, J. C., Carlisle, J. C., Trousdale, R., Kivn, Beaule, P. E., Morgan, P., et al. (2009). iBgichphic
evaluation of the hip has limited reliabilit¢€linical orthopaedics and related researe%7(3), 666-675.
European Commission. (1996). European GuidelineQuutity Criteria for Diagnostic Radiographic Image
in PaediatricsReproductionBrussels: Office for Official Publications of tReiropean Communities.

Greenspan, A. (2004Drthopedic Radiology4th.). Philadelphia: Lippincott Williams & Wilkin

Grissom, L., Harcke, H. T., & Thacker, M. (2008ndging in the surgical management of developmental
dislocation of the hipClinical orthopaedics and related researet®6§(4), 791-801.

Hartofilakidis, G., Yiannakopoulos, C. K., & Babig,. C. (2008). The morphologic variations of londan
high hip dislocationClinical orthopaedics and related researet664), 820-824.

Pedersen, D. R., Lamb, C. a., Dolan, L. a., RaJdtbrM., Weinstein, S. L., Morcuende, J. a., et(2004).
Radiographic measurements in developmental dysptdsihe hip: reliability and validity of a digitizg
program.Journal of pediatric orthopedi¢c®4(2), 156-60.

Storer, S. K., & Skaggs, D. L. (2006). Developmémsgsplasia of the HipAmerican Family Physicign
74(8), 1310-1316.

Tan, L., Aktas, S., Copuroglu, C., Ozcan, M., & &duM. (2001). Reliability of radiological parameter
measured on anteroposterior pelvis radiographatéms with developmental dysplasia of the Ripta
orthopaedica Belgice67(4), 374-379.

USPSTF. (2006). Screening for developmental dy&plafsthe hip: recommendation statemdtediatrics
117(3), 898-902. Rockville: Agency for Healthcare Rash and Quality. doi: 10.1542/peds.2005-1995.

Proc. ' ICH Gaia-Porto, Portugal, 2010 7
(02010 f'ICH Gaia-Porto /JESTSP-IPP, PT,



ICH Gaia-Porto 2010, ESTSP-IPP
Publication Agreement and Assignment of Copyright

Agreement: We are pleased to have the privilege of publislyiogr article in the forthcoming®
Inter national Congress on Health Gaia-Porto (collectively “ICH Gaia-Porto/AA”). By submissioof
your paper, you hereby grant to the ICH Gaia-PAoall your right, title, and interest including
copyright in and to the paper as it appears inRheceedings of the ICH Gaia-Porto/AA (“the
Paper”). Management of the copyright for all papeitsbe maintained by ICH Gaia-Porto.

Rights Reserved by Author(s): You hereby retain and reserve for yourself a naiusive
license: 1.) to photocopy the Paper for your usgomr own teaching activities; and 2.) to publish
the Paper, or permit it to be published, as paeamyf book you may write, or in any anthology of
which you are an editor, in which your Paper iduded or which expands or elaborates on the
Paper, unless the anthology is drawn primarily frdbi Gaia-Porto/AA. As a condition of
reserving this right, you agree that ICH Gaia-P@wowill be given first publication credit, and
proper copyright notice will be displayed on therkv¢both on the work as a whole and, where
applicable, on the Article as well) whenever suahligation occurs.

Rights of ICH Gaia-Porto 2010, ESTSP-IPP: This agreement means that ICH Gaia-Porto/AA
will have the following exclusive rights among atkiel.) to license abstracts, quotations, extracts,
reprints and/or translations of the work for pualion; 2.) to license reprints of the Paper todhir
persons for educational photocopying; 3.) to liesathers to create abstracts of the Paper; 4.) to
license secondary publishers to reproduce the Ragemt, microform, or any computer readable
form including electronic on-line databases. Thigludes licensing the Paper for inclusion in an
anthology from ICH Gaia-Porto/AA 2010.

Warranties: You warrant that the Paper has not been publibeéate in any form, that you have
made no license or other transfer to anyone wipeet to your copyright in it, and that you are its
sole author(s), and generally that you have thiet tig make the grants you make to ICH Gaia-
Porto/AA. Any exceptions are to be noted below. Ya&p warrant that the Paper does not libel
anyone, invade anyone’s privacy, infringe anyomeigyright, or otherwise violate any statutory or
common law right of anyone. You agree to indemt@H Gaia-Porto/AA against any claim or
action alleging facts which, if true, constitutbraach of any of the foregoing warranties.

Concerning U.S. Government Employees: Some of the foregoing grants and warranties vatl n
apply if the Paper was written by U.S. Governmanpleyees acting within the scope of their
employment. U.S. Government employees may restiveight to reproduce the Paper for U.S.
Government purposes by making a request at thedfrsebmission of the Paper. If no copyright
can be asserted in this work and it should be densd in the public domain, the ICH Gaia-
Porto/AA should be notified at the time of subrmissof the Paper.

In Conclusion: This is the entire agreement between you and 1@k-Borto/AA and it may only
be modified in writing. It will bind and benefit ouespective successors in interest, including
assignees, and our licenses, provided that you meayassign this agreement without our prior
written consent. It will terminate if we do not gish your article in ICH Gaia-Porto/AA 2010.

8 Proc. £'ICH Gaia-Porto, Portugal, 2010
02010 f'ICH Gaia-Porto /ESTSP-IPP, PT



