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Aims

The present study seeks to investigate the correlation of pubofemoral distances (PFD) to a
angles, and hip displaceability status, defined as femoral head coverage (FHC) or FHC during
manual provocation of the newborn hip < 50%.

Methods

We retrospectively included all newborns referred for ultrasound screening at our institution
based on primary risk factor, clinical, and PFD screening. o angles, PFD, FHC, and FHC at follow-
up ultrasound for referred newborns were measured and compared using scatter plots, linear
regression, paired t-test, and box-plots.

Results

We included 2,735 newborns, of whom 754 received a follow-up hip ultrasound within six weeks
of age. After exclusion, 1,500 hips were included for analysis. Sex distribution was 372 male and
380 female, and the mean age at examination was 36.6 days (4 to 87). We found a negative linear
correlation of PFD to a angles (p < 0.001), FHC (p < 0.001), and FHC during provocation (p <
0.001) with a 1 mm increase in PFD corresponding to a -2.1° (95% confidence interval (Cl) -2.3 to
-1.9) change in a angle and a -3.4% (95% Cl -3.7 to -3.0) change in FHC and a -6.0% (-6.6 to -5.5)
change in FHC during provocation. The PFD was significantly higher with increasing Graf types
and in displaceable hips (p < 0.001).

Conclusion

PFD is strongly correlated to both o angles and hip displaceability, as measured by FHC and FHC
during provocation, in ultrasound of newborn hips. The PFD increases as the hips become more
dysplastic and/or displaceable.

Take home message Introduction

« The pubofemoral distance (PFD) strongly Multiple ultrasound metrics have been
correlates to traditionally used ultrasound proposed in screening for developmental
metrics in developmental dysplasia of the dysplasia of the hip (DDH), with the most
hip (DDH) diagnostics. commonly used being the o angle pro-

+ Primary PFD screening may be a viable posed by Graf in 1983," which describes the
candidate for selective screening for DDH, morphological conditions of the acetabulum,
as it predicts acetabular morphology and by measuring the slope of the acetabular
hip stability upon follow-up hip ultrasound. roof. In the following years, Harcke et al’ and

Terjesen et al® proposed the femoral head
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Fig. 1

FHC provocation

Three ultrasound images of one paediatric hip examination. a) Graf standard plane with added annotated o angles and femoral head coverage (FHC)
values. b) Ultrasound image captured during hip provocation with annotated FHC values. c) Ultrasound image captured during hip provocation with

annotated pubofemoral distance (PFD) values.

coverage (FHC), defined as the percentage of the cartilaginous
femoral head covered by the bony acetabular roof while the
hip is at rest, and while applying lateralizing stress.

In 2013, the pubofemoral distance (PFD) ultrasound
method was first published.* PFD measures the minimum
distance between the medial epiphysis of the femoral head
and the most lateral part of the ossified pubic bone while
applying lateralizing stress to the hip joint. It is a dynamic
stress test similar to the FHC method, but rather than being
measured in relative units (percentages) it is measured in
millimetres and thus does not account for individual differen-
ces in the size of the examined anatomy. The PFD method
has been proven to be a reliable and accessible ultrasound
screening tool for DDH,*° and has since been implemented as
a universal screening tool for female newborns in the original
authors’ region of France, which has reportedly reduced the
rate of late diagnoses of hip dysplasia to zero in a catchment
area of one million inhabitants.* However, the diagnosis of
DDH was not made using the gold-standard Graf method.
Rather, it relied on an assessment of clinical stability and
acetabular morphology in ultrasound using the PFD measure-
ment and FHC.*

The PFD has been proven to be sensitive in
detecting ultrasound-positive DDH hips per the Graf
method,” and therefore must correlate to the a angle
measurement of the Graf method, although the degree of
correlation is not known.

No studies have examined how the PFD correlates
to traditionally used ultrasound metrics in DDH diagnostics,
including the gold-standard Graf method. The aim of the
current study is therefore to evaluate the correlation of PFD
to a angles and hip displaceability, as measured by the FHC
at rest and during lateralizing stress, in newborns undergoing
ultrasound screening for DDH.

Methods

Design and setting

This was a retrospective observational study of newborns
referred for DDH ultrasound screening at Aarhus University
Hospital (AUH), Denmark, during a one-year period from
October 2021 to October 2022. Annually, 5,000 newborns are
born at AUH, a tertiary hospital including the only maternity
ward in the municipality of Aarhus. Reporting follows the
STROBE guidelines for reporting on observational studies.’

Participants

The newborns in the present retrospective study participa-
ted in the Danish Hip Screening Project (DHP). In the
DHP, primary early PFD screening was added to the
traditional selective referral criteria for follow-up Graf hip
ultrasound. A newborn was included in the DHP, and the
present retrospective study, once written parental consent
for participation and data collection had been obtained.

The clinical examination and risk factor identifica-
tion were performed by a midwife at the post-partum
clinic at AUH. The primary PFD ultrasound examination
was performed by a secondary midwife trained in the
PFD method on the same weekday or, in the case of
the newborn being screened in the post-partum clinic
on a weekend, during the following week. All primary
examinations, including clinical, risk factor, and primary
PFD screening, were performed within the first ten days
after birth.

We included newborns referred for follow-up hip
ultrasound in this hybrid selective screening programme for
DDH at AUH where primary clinical examination, risk factor
identification, and primary PFD ultrasound examination had
been performed. Referral criteria were: a positive clinical
examination, presence of a risk factor (family history of
DDH, breech presentation, oligohydramnios, twins, clubfeet,
or musculoskeletal syndromes) a primary PFD = 5.1 mm, or a
PFD difference > 1.5 mm between hips.

The exclusion criteria were age at follow-up ultrasound
examination by radiologist above three months, and follow-up
ultrasound examination missing PFD measurements.

The referred newborns received a follow-up hip
ultrasound examination ideally before six weeks of age or,
in the case of clinical instability or a primary PFD above
8.0, before two weeks of age. Follow-up hip ultrasound
was performed by one of three musculoskeletal radiologists
(MBH, MH, NL) experienced in paediatric ultrasound using
a combination of the Graf, Harcke, and PFD methods (Fig-
ure 1)."**° o angles and FHC were measured in the frontal
standard plane with the child fixed in a cradle in the lateral
decubitus examination position, the hip flexed to 90°, and the
knees gently adducted. Additionally, the FHC during provo-
cation and PFD were measured in the same lateral examina-
tion position while the hip was stressed laterally in a Barlow
equivalent manoeuvre. FHC during provocation was routinely
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Newborns screened
for DDH at the post-
partum clinic
n =4,794 newborns

Included for additional|
PFD screening
n = 2,735 newborns

Referred for follow-up
hip ultrasound
n =815 newborns

Parents declined participation
n =2,059 newborns

il

Negative clinical examination
No risk factor for DDH
Primary PFD <5.1 mm or PFD difference between hips <1.5mm
n = 1,920 newborns

Ll

Did not show
n = 52 newborns
Referred out of institution
n = 8 newborns

follow-up hip
ultrasound performed
n = 755 newborns

Above 3 months of age
n =2 newborn
Missing PFD measurements
n =6 hips

Included in study
(753 newborns)
n=1,500 hips
Fig. 2
Consort diagram of inclusion process and distribution of hips
according to the Graf classification and displaceability criteria. DDH,
developmental dysplasia of the hip; PFD, pubofemoral distance.

reported in all scans by one of three radiologists, while the
remaining two only reported it if they observed lateralization
on ultrasound, i.e. FHC decreased below 50% after applying
lateralizing stress to the hip.

As both clinical stability testing and FHC during
provocation evaluates the degree of laxity of the paediatric
hip joint, to avoid any confusion in terms, we have chosen to
use the term ‘displaceability’ when referring to hips able to be
provoked laterally during hip ultrasound, i.e. a FHC < 50% in
situ or during provocation, while ‘instability’ refers to clinical
instability.

All measurements were performed using a high-
frequency (10 MHz) linear transducer (Canon Aplio i800;
Canon Medical Systems, Japan). The parents were present
during all examinations of the newborns.

Statistical analysis

The performed analyses use a angles, FHC, and FHC
during provocation as dependent variables, and PFD as
obtained at the follow-up hip ultrasound examination as
an independent variable. The primary PFD measurement
was only used in the referral of patients, not for subse-
quent correlation analysis.

We examined the correlation and impact of
increasing PFD values on o angles, FHC, and FHC during
provocation using linear regression, scatter plots, and box
plots. Regression results are presented as intersections
and pB-coefficients with accompanying p-values. Scatter
plots are presented with fitted lines and 95% confidence
intervals (Cls) and linear regression coefficients. To further
illustrate the correlation, mean PFD values were calcula-
ted stratified by Graf classification and hip displaceabil-
ity status, and compared using t-test as well as box
plots with median values and 25% and 75% centiles,

Alpha angles vs PFD
. p=-2.11 P<0.001
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Fig. 3

Scatter plot of pubofemoral distance (PFD) and o angles with fitted

regression line, 95% confidence intervals, and regression coefficients.

with whiskers representing upper and lower adjacent
values. A sensitivity analysis was performed using a mixed
effect model to account for any bias introduced by the
bilaterality of observations.” As no bias was detected in
the sensitivity analysis, independence between bilateral
observations was assumed. PFD measurements were used
as a referral criterion, when performed by a midwife in
primary screening, and as an independent variable in the
regression analysis, when performed by the radiologist at
the follow-up hip ultrasound. To investigate any selection
bias introduced to the correlation analysis of PFD to
a angles and displaceability status, by selecting patients
using primary PFD screening, a secondary sensitivity
analysis was performed by linear regression stratified
by referred/not referred by primary PFD screening. No
significant difference in regression coefficients between
these two groups was detected. Normality of data was
inspected using QQ-plots for continuous data and a
significance level of 5% was used. All statistical analyses
were performed using Stata version 17.0 (StataCorp, USA).

Results

In the present study, 4,794 newborns were born during
the study period. Of these, consent for data collection
was obtained from the parents of 2,735 newborns. A
total of 815 newborns were referred for follow-up hip
ultrasound, 52 missed their screening appointments, eight
were referred to another institution, six hips had no PFD
ultrasound measurements, and two newborns were older
than three months at ultrasound examination, which left
753 newborns for inclusion (1,500 hips) (Figure 2). Sex
distribution was 372 males and 380 females, and mean
age at examination was 36.6 days (4 to 87; 95% ClI 36.1
to 37.2). Distribution of patients according to highest Graf
classification was type I: 696 (92.5%), type lla: 48 (6.4%),
type lic: 7 (0.9%), and type lll: 1 (0.1%). Distribution of
hips according to Graf classification were type I: 1.416,
type lla: 74, type llc: 9, and Type lll: 1. Overall, 78 hips
were classified as displaceable and 1,422 were non-dis-
placeable (Table I).
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Fig. 4

Scatter plot of pubofemoral distance (PFD), femoral head coverage (FHC),
and FHC with provocation with fitted regression lines, 95% confidence
intervals, and regression coefficients.
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Fig. 5

Box plots of pubofemoral distance (PFD) values stratified by Graf
classification and hip displaceability status. Boxes represent 25%, median,
and 75% percentiles with whiskers representing upper and lower adjacent
values. Displaceable = femoral head coverage (FHC) or FHC during

Table I. Distribution of hips according to Graf types and
hip displaceability status with accompanying mean pubofemoral
distance values.

Graf classification (no. hips) PFD (mean 95% ClI) p-value*
Typel(n=1,416) 3.8(3.8t03.9)

Type lla (n =74) 54(5.1t05.7) <0.001
Typellc (n=9) 7.4 (6.4 t0 8.5) <0.001
Typelll+(n=1) 11.2 (N/A) N/A
Hip displaceability

Non-displaceable = FHC > 50%

(n=1,422) 3.8(3.8t03.9)

Displaceable = FHC < 50%

(n=78) 59(5.6t06.2) <0.001

*Paired t-test.
Cl, confidence interval; FHC, femoral head coverage; N/A, not applicable;
PFD, pubofemoral distance.

Inspection of scatter plots and linear regression
revealed a negative linear correlation of PFD to o angles (p
< 0.001), FHC (p < 0.001), and FHC during provocation (p <
0.001) with a T mm increase in PFD corresponding to a -2.1°
(95% Cl -2.3 to -1.9) change in a angle, a -3.4% (95% Cl -3.7 to
-3.0) change in FHC, and a -6.0% (95% Cl -6.6 to -5.5) change
in FHC during provocation (Table II, Figure 3, Figure 4). Further,
PFD was significantly higher with increasing Graf types and in
displaceable hips (p < 0.001) (Figure 5, Table I).

Discussion

Key results

PFD was significantly correlated to both acetabular morphol-
ogy and hip displaceability. An increase in PFD was seen with
both shallowing of the acetabulum and an increase in hip
displaceability.

provocation < 50% * = statistically significant result.

Table Il. Results of linear regression of a angles, femoral head
coverage, and femoral head coverage during provocation with
pubofemoral distance as independent variable.

B-coefficient
Variable Intersection (95% ClI) p-value
aangle 74.5° 2.1(-2.3t0-1.9) <0.001*
FHC 76.0% 34 (-3.7t0-3.0) <0.001*
FHC during
provocation 84.1% 6.0(-6.6t0-5.5) <0.001*

Cl, confidence interval; FHC, femoral head coverage.

Interpretation
There is no universal consensus on what constitutes true DDH.
Graf proposed a treatment plan according to his classifica-
tion system, which relies on hip morphology."" Surgeons,
when deciding which hips to treat, rely on a combination
of radiological findings and hip stability assessment, with the
latter being the guiding factor for a majority of surgeons, as
they are more likely to opt for nonoperative management of
children showing no signs of hip instability.'” Hip instability is
clinically assessed using the Barlow and Ortolani manoeuvres,
and the Galeazzi test, but the value of these examinations
is questionable. The Barlow and Ortolani manoeuvres have a
combined sensitivity of 60%."> While they are more sensitive in
the hands of experienced orthopaedic surgeons,'* in a study
from 2020, Harper et al'® demonstrated that 14% of dislocated
hips, as detected on ultrasound, were incorrectly classified
as being reduced upon clinical examination by experienced
orthopaedic surgeons. Further, the positive predictive value of
clinical hip examinations in detecting hip dysplasia, defined as
> Graf llc type hips, is 33% among experienced orthopaedic
surgeons,'® and as low as 4% among primary screeners.'’

In evaluating the correlation of PFD to hip stability,
we therefore chose to define it as displaceability using the
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FHC, which has a high degree of agreement when classify-
ing dysplastic hips (Kappa > 0.7)." Terjesen et al’ originally
described a cut-off value for FHC of 44% for females and 47%
for males for hip dysplasia with some age variation. Others
describe a cut-off of 50% for both sexes,’ which is also used
routinely at AUH and consequently in this study.

In terms of reliability and accessibility, the PFD method
outperforms both the Graf and FHC methods,**'® but, as
demonstrated in this study, is strongly correlated to both.
The PFD method may therefore be a viable candidate for
predicting o angles and displaceability status in primary DDH
screening.

Limitations

Both the PFD and FHC methods rely on a Barlow equivalent
hip provocation manoeuvre. As the application of force may
not be equal between the examiners when performing the
examinations, the obtained measurements may, to a minor
extent, be affected in precision. This uncertainty can affect
the precision of the correlation coefficients of our regression
analyses. However, the impact may not have any clinical
influence when classifying the hips as displaceable using the
50% FHC threshold, as a significantly increased PFD when
compared to stable hips was found.

As there was a limited number of pathological hips in
our study population, both in terms of FHC and a values, the
calculated regression coefficients for the PFD in the regres-
sion analyses are less impactful (i.e. less negative) than what
the data in the scatter plots seem to suggest. The inclusion
of more pathological hips would likely further lower the
regression coefficients.

The present study only evaluated the correlation of PFD
to Graf's o angles and hip displaceability status. An assess-
ment of the effectiveness of primary PFD screening on DDH
detection cannot be made on the present results.

Generalizability

Participants for the current study were selected through a
unique selective screening programme for DDH using primary
PFD as a referral criterion for follow-up Graf hip ultrasound.
As such, all newborns included in this study were selected
based on the presence of a risk factor for DDH, positive
clinical examination, or primary PFD screening. However, as
the prevalence of Graf types are comparable to those reported
in universal screening programmes,”® we believe the present
results to be representative of a general population.

In conclusion, PFD is strongly correlated to both a
angles and hip displaceability, as measured by FHC and FHC
during provocation, in ultrasound of hips at six weeks of age.
The PFD increases as the hips become more dysplastic and/or
displaceable.
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