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Abstract

Purpose/Background/Introduction The aim of this study

was to retrospectively evaluate the impact of neonatal so-

nographic hip screening using Graf’s method for the

management and outcome of orthopaedic treatment of

decentered hip joints with developmental dysplasia of the

hip (DDH), using three decades (1978–2007) of clinical

information compiled in a medical database.

Methods Three representative cohorts of consecutive

cases of decentered hip joints were selected according to

different search criteria and inclusion and exclusion

parameters: (1) cohort 1 (1978–1982; n = 80), without

sonographic screening; (2) cohort 2.1 (1994–1996; n = 91),

with nationwide established general sonographic screening

according to the Graf-method; (3) cohort 2.2 (2003–2005;

n = 91), with sonographic screening including referred

cases for open reduction from non-screened populations.

These three cohorts were compared for the following

parameters: age at initial treatment, successful closed

reduction, necessary overhead traction, necessary adductor-

tenotomy, rate of open reduction, rate of avascular necrosis

(AVN) and rate of secondary acetabuloplasty.

Results The age at initial treatment was reduced from

5.5 months in the first cohort to 2 months in the two sub-

sequent two cohorts and the rate of successful closed

reduction increased from 88.7 to 98.9 and 95.6%,

respectively. There was a statistically significant

improvement in six out of seven parameters with sono-

graphic hip screening; only the rate of secondary acetab-

uloplasty did not improve significantly.

Conclusion Compared to the era before the institution of

a sonographic hip screening programme according to the

Graf-method in Austria in 1992, ultrasound screening

based-treatment of decentered hip joints has become safer,

shorter and simpler: ‘‘safer’’ means lower rate of AVN,

‘‘shorter’’ means less treatment time due to earlier onset

and ‘‘simpler’’ means that the devices are now less invasive

and highly standardized.
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Introduction

Our institution has always been a paediatric orthopaedic

tertiary referral centre for the treatment of decentered hip

joints. Its clinical database contains the clinical histories of

babies who have been treated for decentered hip joints

during a period of more than 30 years. Thus, a retrospec-

tive comparative cohort study could clarify the impact of

sonographic hip screening on the management and out-

come of treatment measures in our department. With the

support of the German scientific non-profit association

‘‘Deutsche Arthrosehilfe e.V.’’ we designed a study that

focused primarily on the management and outcome of the

initial biomechanical treatment of decentered hip joints,

especially those cases with and without population-based

sonographic hip screening for developmental dysplasia of
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the hip (DDH). The diagnostic tool of sonographic imaging

was developed and methodically standardized by Graf in

the early 1980s [1–3]. A general sonographic hip screening

based on Graf’s method (referred to herein as the Graf-

method) within the first 6 weeks of life was implemented

in 1992 in Austria and in 1996 in Germany. Although the

Graf-method of sonographic hip screening has been in

clinical use for almost 30 years and several outcome

studies have been published, the scientific discussion about

‘‘to screen or not to screen’’ [4] remains controversial

[5–40].

Historical background

Developmental dysplasia of the hip with its potential

for early osteoarthritis is the most common congenital

dysplasia in newborns, especially in Caucasians [41].

Depending on the pathoanatomical definition and geo-

graphical region, an extremely wide range of incidence of

DDH can be found in the literature: for Austria and Central

Europe, a mean incidence of about 2.5% can be expected

[42]. In Austria, about 9% of all total hip replacements

(THR) in young patients are implanted due to early

osteoarthritis in late DDH [19, 43].

One parameter that potentially impacts significantly the

quality and effectiveness of screening programs in different

countries may be the rate of open reductions (numbers per

1,000 live births) due to late presenting cases of irreducible

hip luxations. The following short overview of the three

basic categories of screening programmes provides an

indication of the published numbers of open reductions per

1,000 live births and represents the basis for scientific

discussions and improvements:

1. Countries with clinical screening without sonography

(such as Ireland, New Zealand, Northern Ireland, UK)

report open reduction rates of between 0.78 and 1.30

per 1,000 live births [44–47] and represent the baseline

for comparison and possible improvements.

2. Countries (for example England and Norway) with a

‘‘selective’’ sonographic screening (based on anam-

nestic risk factors and/or suspect clinical findings)

report open reduction rates of between 0.57 and 0.70

[20, 27, 48, 49]. The authors of these studies state that

selective ultrasound screening does not significantly

reduce the overall rate of surgery compared with the

best conventional clinical screening programmes and

cannot be fully recommended.

3. In countries with established general songraphic hip

screening programs (Austria, Czech Republic, Ger-

many) rates of open reduction of between 0.07 and

0.26 are reported [15, 19, 22, 50].

Given this historical background and combined with a

review of literature, our single centre retrospective com-

parative cohort study may be a valuable contribution as it is

based on a distinct clinical database: our data are not

population based (rate of open reductions per 1,000 live

births), as presented above, but are related to the number of

clinical procedures (rate of open reductions per total

number of treated decentered hip joints) performed in our

paediatric orthopaedic tertiary referral center before and

after the nationwide institution of a sonographic hip

screening programme based on the Graf-method [1–3] in

Austria in 1992 [19].

Materials and methods

Algorithm of data acquisition

The clinical histories and the medical imaging data

(especially ultrasonographies and X-rays) of all babies

treated for decentered hip joints in DDH between 1978 and

2007 were scanned. The primary data source in our hospital

has always been our ‘‘surgery registry’’: all babies treated

conservatively or surgically for decentered hip joints are

recorded in the surgery registry. The surgery registry is a

book which is kept in the operating theatre and which

contains handwritten entries of all patients treated in the

operating theatre. Each procedure is numbered consecu-

tively, and pertinent information, such as the date of pro-

cedure, patient’s name and first name and age, type and

side of procedure and surgical and anaesthesiology team, is

recorded.

The first step of this survey was to manually scan

(performed by F.F.) the surgery registry from 1978 to 2007

according to several search criteria and key words, such as

‘‘congenital hip dislocation’’, ‘‘subluxation’’, ‘‘hip dyspla-

sia’’, ‘‘avascular necrosis’’, ‘‘closed reduction’’, ‘‘open

reduction’’, ‘‘adductor tenotomy’’, ‘‘overhead traction’’,

‘‘acetabuloplasty’’, ‘‘intertrochanteric osteotomy’’, ‘‘Salter-

osteotomy’’, ‘‘Chiari-osteotomy’’, ‘‘triple pelvic osteot-

omy’’, ‘‘periacetabular osteotomy’’, ‘‘Fettweis-cast’’, ‘‘hip

spica’’ and ‘‘Hilgenreiner-splint’’. For this primary search

of the surgery registry we defined a wide range of search

criteria in order to select all potential cases, particularly

those cases treated more than once. Using this widespread

searching strategy, all possible re-interventions in the same

patient are ‘‘automatically’’ scanned. The result of this

primary search were 4,122 entries matching the applied

search criteria (Fig. 1). A subsequent manual search of the

surgery registry resulted in a long list of names that had to

be compared with the corresponding clinical records.
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In the second step, we applied the following inclusion

criteria:

• DDH

• Decentered hip joints with radiographic gradings

according to Tönnis [51] and sonographic classification

according to Graf et al. [52–54]

• Diagnosis/initial treatment before the end of the first

year of life

All neurogenic and teratologic and all syndromic cases

were excluded. All children older than 1 year at onset of

treatment were excluded. All sonographically stable hip

joints with maturational deficit (Graf-types: 2c-stable, 2b,

2a-minus) were excluded; these stable but immature hip

joints are routinely treated by functional bracing in an out-

patient regime.

Only cases of DDH with already decentered unstable hip

joints (Graf-types: 2c-unstable, D, 3, 4) with initial treat-

ment before the end of the first year are included. The

primary search list of names and clinical records was then

checked with the list of procedures to ensure there was a

match with the defined inclusion criteria. Ultimately, dur-

ing the time span 1978–2007, 1,036 hip joint procedures in

725 patients matched these inclusion criteria.

In a third step we defined three clinically representative

periods and the consecutive number of cases that were

sufficiently documented for this comparative evaluation

(Table 1). The aim was to be able to directly compare cases

before the initiation of sonographic screening and those

following the implementation of sonographic screening

under comparable circumstances: same population, same

treatment centre, same pathomorphologic diagnosis, same

treatment principles and standards. Three cohorts eventu-

ally were determined, with the main difference between

them being the time and method of definitive pathomor-

phological diagnosis provided by ultrasound screening in

cohorts 2.1 and 2.2 (Table 1).

Sufficiently documented cases match the inclusion cri-

teria (DDH, decentered, \12 months) and provide a stan-

dardized minimum set of clinical records and imaging

(before and after initial treatment, early follow-up after the

end of treatment at the age of 12–18 months). If this

minimal clinical documentation was not met, the cases

were excluded due to lack of data:

In cohort 1 21 of originally 101 cases (20.8%) excluded

(N = 80 included),

In cohort 2.1 5 of originally 96 cases (5.2%) excluded

(N = 91 included),

In cohort 2.2 4 of originally 95 cases (4.2%) excluded

(N = 91 included).

In cohort 2.1, all cases were detected by the nationwide

sonographic screening programme according to the Graf-

method and organized by the Austrian Ministry of Health.

In cohort 2.2, a minority of cases referred for open

reduction derived from non-screened populations was

included in the majority of screened Austrian babies

(=‘‘mixed’’-sono-screening-cohort 2.2; Table 1). All open

reductions in cohort 2.2 derive from these referred cases!

Our routinely used treatment algorithm throughout the

whole first year of life is based on Graf’s sonographic

classification [52, 53] and has always been applied in a

highly standardized way, which is summarized in Table 2.

Our treatment measures (Table 3) for the different

treatment phases [54] are manual closed reduction,

instantly followed by retention in a modified plaster cast

according to Fettweis [55] for 4 weeks in a physiological

‘‘squatting’’ position of 100� flexion and 50� abduction.

Subsequent maturation is provided by removable func-

tional bracing until a Graf hip type 1 (mature hip joint) is

sonographically documented.

Throughout the whole first year of life this therapeutic

sequence (closed reduction ? cast immobiliza-

tion ? functional bracing) is applied in all cases of dec-

entered hip joints in a standardized way.

Indication for open reduction

A basic rule for indicating open reduction was applied

throughout the evaluated 30-year period: if an originally

decentered hip joint was not reduced and stable after two

Fig. 1 Flowchart of data collection and case selection (details in the

text). DDH Developmental dysplasia of the hip
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4-week-periods of a correct ‘‘squatting’’ cast, a pathoana-

tomical obstacle against deep closed reduction is present

and has to be removed surgically. In the clinical routine

currently used this is the case only in Graf-type-4 hips

which have been missed in the first weeks after birth; all

other types of decentered hip joints (Graf-types D and 3)

can routinely be managed by closed reduction, as already

described (closed reduction ? cast immobilization ?
functional bracing).

Parameters of outcome

To compare the management and outcome between the

three representative cohorts, we defined the age at diag-

nosis and initial treatment and the rate of successful con-

servative treatment as primary outcome parameters. We

additionally looked at the rate of necessary preparatory

measures of closed reduction (overhead traction), the rate

of necessary surgical support of closed reduction (adductor

tenotomy), the rate of open reduction, the rate of avascular

necrosis at the end of primary treatment and the rate of

persistent or secondary sloping of the ossified acetabular

roof with the need for secondary surgical correction

(acetabuloplasty).

Statistical analysis

The data of the three cohorts were first analysed using

descriptive statistical methods. Continuous data were

described by the mean and standard deviation (SD) or

median, minimum and maximum, as appropriate. For cat-

egorical data, absolute and relative frequencies were used.

To analyze differences between the three cohorts, analysis

of variance (ANOVA) methods or the Kruskal–Wallis test

Table 1 Characteristics of the

three representative cohorts

(1, 2.1, 2.2)

Cohort Period Number of

consecutive cases

Clinical significance

1 1978–1982 80 Diagnosis without sonography (‘‘pre-sono-cohort’’): primary

clinical screening with secondary (‘‘late’’) radiological

diagnosis

2.1 1994–1996 91 Diagnosis with sonography, including first effects of a

nationwide sono-screening in Austria instituted in 1992

(‘‘sono-screening-cohort’’): routine (‘‘early’’) sonographic

diagnosis within the first 6 weeks of life

2.2 2003–2005 91 Diagnosis with established nationwide sono-screening, but

including the referral of external non-screened ‘‘immigration’’

cases for open reduction (‘‘mixed-sono-screening-cohort’’)

Table 2 Treatment algorithm with biomechanical treatment phases

Pathobiomechanical phase Sonographic

Graf-types

Treatment-phase 1

‘‘reduction’’

Treatment-phase 2

‘‘retention’’

Treatment-phase 3

‘‘maturation’’

Decentered 4, 3, D x x x

Sonographically unstable 2c-unstable – x x

Sonographically stable but with maturational deficit 2c-stable, 2b, 2a-minus – – x

Physiologically immature 2a-plus � follow-up – – –

Mature 1 � finished – – –

Table 3 Treatment measures in

the different treatment phases
Phase of treatment Reduction Retention Maturation

Measure of

treatment

Manual reduction by

flexion [100� and

abduction \50�: ‘‘squatting’’

position (=‘‘safe zone’’ of

SALTER’s ‘‘human

position’’)

Non-removable

plaster cast in this

‘‘squatting’’

position for

4 weeks

Removable ‘‘functional’’

bracing in this position

until a Graf-type-1 is

documented

Pathobiomechanical

phase

Decentered Unstable Maturational deficit

Sonographic

Graf-types

4, 3, D 2c-unstable 2c-stable, 2b, 2a-minus
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were applied. The chi-square test was used to compare the

groups for categorical data. All analyses were performed

with the statistical software package PASW18. A P value

\5% was considered to be significant.

Declaration of ethical standards

This retrospective study has been approved by the ethics

committee of the Medical University Graz.

Results

Between 1978 and 2007, 725 babies were treated for dec-

entered hip joints in DDH within the first year of life. Three

cohorts of consecutive cases, including 262 procedures,

were included in the survey for analysis (cohort 1, n = 80;

cohort 2.1, n = 91; cohort 2.2, n = 91).

Primary outcome parameters

Mean age at diagnosis/initial treatment (Table 4; Fig. 2)

According to Tönnis [51], the age at definitive patho-

morphological diagnosis can be rated as the most important

outcome parameter and therefore defined as a ‘‘primary’’

outcome parameter. In the pre-sono cohort (cohort 1),

initial treatment started at a mean age of 5.5 months, while

in the sono-screening cohorts (2.1 and 2.2), treatment

started statistically significantly earlier, at a mean age of

2 months (P = 0.0001). The reason for this improvement

seems to be related to the nationwide implementation of

sonographic screening in Austria within the first 6 weeks of

life.

Rate of successful conservative treatment by closed

reduction (Table 5)

Successful closed reduction without preparatory traction

and without surgical soft tissue release seems to be an

equally important outcome goal and therefore was defined

as a ‘‘primary’’ outcome parameter. With earlier initial

treatment in the sono-screening cohorts 2.1 and 2.2, a

significantly higher percentage of hips could be treated by

simple closed reduction and a surgical intervention could

be avoided (P = 0.012).

Secondary outcome parameters (Table 6)

Rate of necessary preparatory measures (overhead traction)

before closed reduction Over time, untreated decentered

hip joints may develop soft tissue contractures. Overhead

traction may be a preparatory measure to enable closed

reduction in these cases. At initial treatment in the pre-

sono-screening cohort (cohort 1), considered in this study

to comprise the ‘‘old’’ babies, 60 of 80 hips (75%) had

already developed secondary soft tissue contractures and

needed preparatory overhead traction. The sono-screened

cohorts (2.1 and 2.2) comprised mainly ‘‘young’’ babies of

whom a small minority (2.1: \10%; 2.2: \5%) needed

preparatory overhead traction.

Rate of necessary surgical support (adductor tenotomy) at

closed reduction Despite preparatory overhead traction

older children may present tight and contract adductor

muscles and may need percutaneous adductor tenotomy to

enable closed reduction. At initial treatment in the pre-

sono-screening cohort (cohort 1), i.e., the ‘‘old’’ babies (see

above), 53 of 80 hips (66.25%) presented with persisting

adductor contractures and needed additional percutaneous

adductor tenotomies at the time of closed reduction in order

to enable a tension-free closed reduction. In the sono-

screening cohorts (2.1 and 2.2), comprising mainly

Table 4 Mean age (months) at diagnosis/initial treatment

Parameter Cohort 1 Cohort 2.1 Cohort 2.2 P value

Mean age (months) 5.5 (2.09) 2.0 (1.70) 2.1 (1.97) \0.001

See text for definition of each cohort

Standard deviation (SD) is given in parentheses

A
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Fig. 2 Boxplot of age (months) at initial treatment (details given in

the text)

Table 5 Successful conservative treatment by closed reduction

Parameter Cohort

1

Cohort

2.1

Cohort

2.2

P value

Successfully conservative

treatments, n
71/80

(88.7)

90/91

(98.9)

87/91

(95.6)

0.012

The percentage of cohort is given in parentheses
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‘‘young’’ babies without adductor contractures, none (0%)

of the babies needed preparatory adductor tenotomy to

manage a tension-free closed reduction.

Rate of open reductions The pathomorphology in

untreated decentered hip joints will progress over time, and

the risk of the development of secondary pathoanatomic

obstacles against closed reduction might increase. This

situation is reflected by our rates of open reductions. At

initial treatment, in the pre-sono-screening cohort (cohort

1), i.e., the ‘‘old’’ babies, nine of 80 hips (11.25%) needed

open reductions. With earlier onset of treatment at a less

developed pathomorphological stage, such as in the sono-

screening cohorts (2.1 and 2.2), significantly fewer open

reductions had to be performed (P = 0.012). In the

‘‘mixed’’ sono-screening cohort (2.2) all included open

reductions were referred cases from non-screened

populations!

Rate of AVN at the end of primary treatment (Table 6;

Fig. 3) As a reference, the grading according to Tönnis

[51] of the X-ray at the end of primary treatment at about

12–18 months of age was evaluated. At initial treatment, in

the pre-sono-screening cohort (cohort 1), i.e. ‘‘old’’ babies,

9.2 and 33.9% presented with grade 2 and grade 1 AVN,

respectively, according to Tönnis. In the sono-screening

cohorts (2.1 and 2.2), with mainly ‘‘young’’ babies, treat-

ment started earlier and was less invasive and produced

significantly less AVN, with complete disappearance of

grade 2 AVN (P \ 0.001).

Rate of persistent or secondary sloping of the ossified

acetabular roof with the need for secondary surgical cor-

rection by acetabuloplasty The P values are listed in

Table 6: There was no statistical significance between the

three cohorts (1, 2.1, 2.2) in terms of the rate of acetabu-

loplasties (P = 0.382).

Summary of results

Summarizing the results based on six out of seven

parameters, the clinically important improvement and—if

present—the statistical significance results between the

cohorts 1 (without) and 2.1 and 2.2 (with sonographic

screening); the cohorts 2.1 and 2.2 are different only in

minor details and the differences are statistically not sig-

nificant. But it should be mentioned again, that in the

mixed-sono-screening-cohort 2.2 all included open reduc-

tions are referred cases from non-screened populations.

The rate of acetabuloplasty is the only parameter statisti-

cally not significant in all three compared cohorts.

Discussion

In our retrospective comparative cohort study the clinically

most important feature is a ‘‘young’’ age at diagnosis and

initial treatment in the sonographic-screening cohorts (2.1

and 2.2) at a mean age of 2 months. Hip sonography

according to the Graf-method [1–3, 52–54] provides a

methodically standardized, safe, reliable and reproducible

Table 6 Synoptic table of

secondary outcome parameters

AVN, Avascular necrosis

(Tönnis grading)

Secondary outcomes Cohort 1 Cohort 2.1 Cohort 2.2 Significance (P)

Overhead traction (%) 75 8.8 4.4 \0.001

Adductor tenotomy (%) 66.3 0 0 \0.001

Open reduction (%) 11.3 1.1 4.4 0.012

AVN (%) according to TÖNNIS scaling

Grade 0 56.9 81.8 96.2 \0.001

Grade 1 33.9 18.2 3.8

Grade 2 9.2 0 0

Acetabuloplasty (%) 7.5 7.7 3.3 0.382

P
er

ce
n

t

Fig. 3 Distribution of avascular necrosis (AVN; TÖNNIS grading) in

the three cohorts
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morphological diagnosis of the current pathomorphological

state of the hip joint of the individual within the first

6 weeks of life and has been incorporated into the national

sonographic screening programs of the public health

authorities in Austria and Germany [15, 19, 22, 36]. If

diagnosis is safe, reliable and reproducible, the stage of

pathomorphology at early diagnosis is still ‘‘contained’’.

Thus, if biomechanical treatment follows in a quick and

adequate fashion, the path back to a normo-morphology is

comparatively short because secondary soft tissue con-

tractures are still absent and the risk of AVN is lower. These

facts explain the significant reduction in the number of

preparatory measures, such as overhead traction, and sup-

porting surgical procedures, such as adductor tenotomy,

required to provide successful closed reduction and the

absence of persisting stage 2 AVN [51] in the sono-

screening cohorts (2.1, 2.2). Because of definitive early

sonographic diagnosis, the formerly undiagnosed (‘‘hid-

den’’) pathomorphology cannot proceed to extremely

severe stages of luxation with accompanying pathoan-

atomic obstacles against a successful closed reduction: thus,

the chance for a successful closed reduction increases and

the risk of requiring an open reduction decreases. Therefore,

the most important message of our results is: age matters!

On the other hand, reproducible sonographic imaging of

hip pathomorphology avoids overtreatment because the

treatment is not based on subjective clinical suspicion but

on documented pathomorphological findings [15, 19, 41].

In two studies, Grill et al. [15, 19] focused on the impact

of sonographic hip screening on the rate of necessary

surgical interventions, especially on the rate of open

reductions. Using official population data compiled by the

Austrian Ministry of Public Health, these authors were able

to show that the overall mean rate of open reductions

between 1993 and 2008 (1993 was the first year following

the national implementation of general sonographic hip

screening in Austria) was 0.23/1,000 (=2.3 of 10,000 live

births), with a lowest single year value of 0.14/1,000 in

1998. These values, also given similar data from Germany

[22, 36], are the lowest rates found in the literature,

although an ‘‘adverse’’ effect was already considered by

these authors based on the inclusion of non-screened

‘‘immigrants’’ from the neighbouring countries of the for-

mer Yugoslavia.

The data on our cohort 2.2 reflect the present situation in

Austria, namely, babies routinely are scanned in Austria,

and there are still some non-screened or late-diagnosed

‘‘immigrant’’ babies referred for open reduction. Thus, our

cohort 2.2 reflects the clinical reality with a ‘‘mixed’’ group

of decentered hip joints. If we had excluded the referred

babies from this cohort, a homogeneous group of exclu-

sively sonographically screened decentered hip joints

would have provided a zero rate of open reductions.

Although we did not focus on the economic side of the

Austrian national screening programme, the cost issues of

various screening policies have been discussed in the

literature.

1. To the best of our knowledge, there has been no

published study documenting that sonographic screen-

ing would increase the overall costs of the public

health system.

2. The authors of a number of studies [20, 22, 27, 38, 48,

49] were unsure as to whether sonographic screening

reduces total healthcare costs. Gray et al. [18] calcu-

lated that in the sonography group the overall costs per

patient were $190 less than those in the non-sonogra-

phy group, but could not prove statistical significance.

Clegg et al. [8] calculated the surgical costs per 1,000

live births based on a comparison of three screening

policies in the city of Coventry: clinical screening

(�UK 5,110), selective sonographic screening (�UK

3,811), general sonographic screening (�UK 468).

3. Finally, there are three papers from Austria [15, 19,

41] that document a significant reduction of treatment

costs with a moderate increase of diagnostic expenses.

The calculations on the overall financial burden of the

Austrian Public Health System seem to decrease over

the time. Two special features in Austria support the

financial containment for the public health system: the

moderate costs for one ultrasonography (approx. 30 €)

and the already documented decreased burden of THR

in young patients with dysplastic osteoarthritis [15,

41].

4. In an as yet unpublished analysis, Thallinger and Grill

(personal communication) focus on the cost-effective-

ness of the Austrian sonographic hip screening

programme: based on the official population data

complied by the Austrian Ministry of Public Health,

they can show that the Austrian approach to sono-

graphic screening is not only effective in terms of

orthopaedic outcome but also highly cost-efficient for

the public health-system.

Basically, ‘‘to screen or not to screen’’ [4] is not a sci-

entific decision but a political choice: do public health

authorities spend our money for prevention (sono-screen-

ing) or for treatment (surgery)? In 1992, the Austrian

Government voted for a general sonographic hip screening

program according to the Graf-method for all infants

within the first 6 weeks of life. Our data suggest that the

vote for sono-screening has been a good decision on many

fronts. According to information compiled by the Austrian

Federal Ministry of Public Health, the coverage of the

sonographic screening is about 96% [41].

The limitations of our single-center retrospective com-

parative cohort study are basically design-dependent. As it
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is a retrospective study, there is no directly corresponding

control group and—as in all retrospective studies—there

might have been some selection bias. However, we feel

that we have avoided significant selection bias through out

very careful case selection as described in the Materials

and methods and in Fig. 1.

The merits of our study are that it reflects 30 years of

experience of a tertiary referral center with a powerful

clinical database: this study is not based on the official

population data of the Austrian Ministry of Public Health,

but evaluates and compares the development and outcome

of treatment of the same pathology in the same institution

under the same circumstances before and after the imple-

mentation of a nationwide sonographic hip screening in

Austria in 1992. The comparison between our cohort 1

(without sono-screening) and cohorts 2.1 and 2.2 (with

sono-screening) reveals overall clinically relevant and

statistically significant improvements in the conservative

treatment of decentered hip joints in DDH enabled by early

diagnosis with sono-screening.

Our results suggest that early sonography-based stan-

dardized conservative treatment has become safer, shorter

and simpler: ‘‘safer’’ because of a lower rate of AVN,

‘‘shorter’’ because of a shorter treatment time due to earlier

onset and ‘‘simpler’’ due to fewer invasive treatment

measures (Fig. 4). The key feature of all these improve-

ments is a very early diagnosis of the pathomorphology and

pathobiomechanics by a highly standardized diagnostic

tool, which is made possible by hip sonography according

to the Graf-method [1–3, 52–54]. A safe and reproducible

diagnosis before the 6th week of life has a double positive

impact on the outcome of treatment: a developing pathol-

ogy will be detected at a very early stage of decentering,

and the optimum potential of remodelling and maturation

according to the sonographic ‘‘maturation curve’’ of

Tschauner et al. 1994 [56] will be respected after an instant

onset of an adequate conservative treatment.

There was no statistical significance between the three

cohorts in terms of rate of secondary surgical corrections

by acetabuloplasty. We are currently unable to explain this

surprising finding. One possible hypothesis might be the

concept of ‘‘endogenous’’ dysplasia by Matthiessen [57],

with a supposed ‘‘endogenous’’ growth disturbance factor

that predominates after the end of primary biomechanical

treatment. Another possible explanation might be the

inclusion of non-screened referred cases in cohort 2.2. On

the other hand, in our department, the frequency of late

joint-preserving surgical corrections in young adults [58],

such as multiplanar reorienting osteotomies of Ganz et al.

[59] or Tönnis et al. [60], has significantly decreased since

2006: these are the adolescents who were born in the late

1980s and early 1990s, following implementation of the

Austrian screening programme. A similar tendency is

reported by Thaler et al. [41].

Conclusion

The national public health-based sonographic hip screening

programme according to the Graf-technique within the first

Fig. 4 Typical clinical follow-up after early sonographic diagnosis.

a Diagnosis of a highly decentered sonographic type 4 hip at the age

of 3 weeks; treatment by closed reduction and squatting cast. b Well

(re-)centered sonographic type 2b hip at the age of 3 months, still

under functional biomechanical treatment using a removable brace in

squatting position. c X-ray at the age of 1 year: sufficient bony

maturation and free of AVN. d, e X-ray at the age of 9 years in

anterior-posterior (d) and axial (e) views: symmetric bony develop-

ment in both projections is shown
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6 weeks after birth, implemented in Austria in 1992, seems

to be highly effective and cost efficient in enabling an

adequate early conservative treatment with an extremely

low rate of open reductions. The results of our single-

center, retrospective, comparative cohort study support a

statement of Tönnis, which is published in his ‘‘classic’’

study [51]: ‘‘Today the advantages of early treatment are

well known: better results in less time with fewer

complications’’.
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