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ABSTRACT

Hip dysplasia in young adults is underdiagnosed and can cause pain and discomfort. Progression to osteoarthritis (OA) is common, necessitating 
total hip arthroplasty at an early age. When discovered early, symptomatic patients can be offered physiotherapy and/or hip-preserving surgery 
to alleviate pain and decrease the risk of early OA. A pilot project to screen radiograms for hip dysplasia was started across the Swedish region of 
Örebro Län in January 2019, comparing the incidence of dysplasia before and after initiation of the screening program. All elective conventional 
radiograms of the hip (age 12–44 years), requested by primary care physicians, were analyzed by consultant radiologists according to a pre-
established algorithm to identify hip abnormalities. If the hip radiograms showed dysplastic changes, or other pathological signs, the radiologist 
advised referral to a specialized Youth Hip Clinic for further work-up and treatment. A total of 1056 radiograms were requested by clinicians 
during the study periods (601 and 455 during 2018 and 2020, respectively). A total of 457 trauma-related cases were excluded, resulting in 
599 available for analysis (348 and 251 during 2018 and 2020, respectively). During 2018, 17 patients (4.9%) received the radiologic diagnosis 
of dysplasia, compared with 44 patients (17.5%) during 2020 (P < 0. 001). A three-fold increase of patients diagnosed with hip dysplasia was 
detected as a result of the implementation of the screening program. The advantage of screening is early referral to an orthopedic department for 
evaluation and consideration for physiotherapy and/or surgical intervention.

I N T R O D U C T I O N
Dysplasia of the hip is a condition defined by poor coverage of 
the femoral head. Dysplastic hips have an increased risk of sec-
ondary osteoarthritis (OA), which is especially devastating in 
young adult [1–3]. Patients often report daily pain, which may 
progress with time. Unfortunately, many patients do not receive 
neither the correct diagnosis nor a suitable treatment due to 
diagnostic delay across primary care, radiology and orthopedic 
departments [4]. In Scandinavia, the prevalence of hip dyspla-
sia has been reported in both Denmark (3.3%) and Norway 
(3.4%) [3, 5]. A retrospective Swedish study found a preva-
lence of 5.2%. Only 7 of the 98 patients with hip dysplasia in 
the study were identified correctly by the examining radiolo-
gist [4]. The study indicates that dysplasia is often overlooked 
and that underreporting and underdiagnosing of dysplasia
are common.

A pilot project to screen radiograms for hip dysplasia in young 
adults was started across the Swedish Region of Örebro Län in 
January 2019. This paper aims to describe the implementation of 
a radiographic screening program to increase diagnostic accuracy 
of hip dysplasia.

M ET H O D S
Setting

This pilot project included all patients sent for elective (non-
trauma related) radiographic investigation of the hip across the 
Swedish Region of Örebro Län, which is covered by Örebro 
University Hospital and its affiliated hospitals in Lindesberg and 
Karlskoga. The region has 29 primary care centers and slightly 
more than 300 000 inhabitants and is one of the 21 health care 
regions in Sweden.

All conventional radiograms of the hip requested by both gen-
eral practitioners and hospital physicians marked ‘routine/elec-
tive’ within the age bracket of 12–44 years for the years 2018 and 
2020 were included in the study. Year 2019 was not included 
since it was the year when screening was introduced. The lower 
age bracket was chosen as the tri-radiate cartilage fuses in early 
adolescence (approximately at 12 years for girls and 14 years for 
boys) [6]. Before fusion, other radiographic measurements may 
be of interest and the treatment algorithm may differ. The upper 
age bracket was selected, as hip preserving surgery is rarely indi-
cated after the age of 40 years, due to the increased risk of total 
hip arthroplasty (THA) conversion [7].

Received 11 October 2023
© The Author(s) 2024. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact 
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on 
our site–for further information please contact journals.permissions@oup.com.

https://orcid.org/0000-0002-3086-1261
https://orcid.org/0000-0001-7097-487X
mailto:frederik.berstad-mose@regionorebrolan.se
https://creativecommons.org/licenses/by-nc/4.0/


A pilot screening project for the detection of hip dysplasia in young patients • 177

Table I. Radiographic markers of dysplasia, retroversion and FAIS chosen 
for screening

Markers for 
dysplasia

Markers for 
retroversion Markers for FAI

CE angle Posterior wall sign Cam morphology
Sharp’s angle Crossover sign Pincer
AI angle Ischial spine sign Alpha angle

Ethical approval
Ethical approval was obtained from the Ethical Authority of Swe-
den (Dnr 2021-04210). The prevalence of hip dysplasia diag-
nosed by radiograms before the start of screening (2018) and 
after the introduction of the pilot program (2020) was com-
pared. The year 2019 was omitted to allow for introduction lag 
when implementing the new routine.

Radiological screening
The radiology department was included in the planning and 
initiation phase. Literature was reviewed from various institu-
tions internationally and collated into a firm algorithm (Table I, 
Fig. 1). A test period with constant dialogue between key person-
nel across orthopedics and radiology was essential for a smooth 
transition. Thereafter, the screening program was left unchanged 
until the end of the study period. There was no change in the 
qualification of the radiologists involved between the two study 
periods. The radiology department was able to add the more 
structured analysis of the radiograms, without increasing the 
time required for radiogram analysis. This was done by using a 
firm algorithm and a pre-filled form in the locally available pic-
ture archive and communication systems (PACS) and by using 
the hip dysplasia tool available (Fig. 2) (Sectra, IDS7). Since 
no additional work or imaging was carried out in regard to the 
introduction of the screening program, there was no negative 
economic impact on implementation.

All patients had standing radiograms performed including an 
anteroposterior (AP) pelvis to account for the functional inclina-
tion of the pelvis during weight-bearing [8]. Internal evaluation 
of the radiation dosage when using standing radiograms showed 
an effective dose of 0.2 mSv, which was deemed acceptable. Fur-
thermore, a false lateral (Billing C) was included to identify cam 
morphology on the femoral neck. Markers for dysplasia and 
acetabular version were annotated in the PACS.

As the cornerstone of dysplasia diagnosis, the lateral center-
edge angle (CE angle) was chosen as it is a measurement with 
low inter- and intra-observer variance and shows the relation-
ship between the center of rotation of the femoral head and the 
lateral border of the sourcil [9, 10]. To indicate version of the 
acetabulum, a triad of markers were chosen: the posterior wall 
sign (PWS) to indicate the center of rotation of the femoral head 
in relation to the posterior wall of the acetabulum; the cross-over 
sign (COS), to indicate the relationship between the anterior and 
posterior wall of the acetabulum; and finally the ischial spine 
sign (ISS) to indicate a retroversion of the innominate bone as a 
whole [11]. To supplement this measurement, the Sharp’s angle 
and the acetabular index (AI) were also digitally annotated on 
the radiograms, but not included in the written report to the 

Fig. 1. Example of a recommendation from the radiology 
department.

Fig. 2. Example of measurements using dysplasia tool (IDS7).

referring clinician. The Sharps angle describes the inclination 
of the acetabulum independent of the position of the femoral 
head, while the AI indicates the inclination of the weight-bearing 
segment of the acetabulum (sourcil) [12, 13].

After double reading of radiograms with final approval by 
a consultant in skeletal radiology, the primary care physician 
received a recommendation to further refer the patient to the 
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Fig. 3. Comparison of hip dysplasia identified in radiograms during 2018 and 2020.

Young Hip Clinic (YHC) at Örebro University Hospital if devi-
ating morphology was identified (Fig. 1). The YHC consists 
of orthopedic consultants with sub-specialization in pelvic and 
acetabular surgeries and a team of physiotherapists with a focus 
on hip pathology. An evaluation of the patient history, symp-
tomatology and radiograms formed the basis for considering hip 
preserving surgery or physiotherapy.

Statistics
Independence of observation and homogeneity of the variance 
between the two periods was assumed. As both periods con-
tained categorical variables, it was analyzed using the Fisher’s 
chi-square test to investigate statistical significance, which was set 
to a P-value of less than 0.05.

R E S U LTS
A total of 1056 hip radiograms were requested by clinicians dur-
ing the study periods, 601 during 2018 and 455 during 2020, 
respectively. A total of 457 trauma-related cases were excluded, 
resulting in 599 available for analysis, 348 and 251 during 2018 
and 2020, respectively.

The average mean age was 34 years (SD 10.4) in 2018 and 31 
years (SD 10.7) in 2020. There was a female predominance in 
2018 (211 female and 137 male), whereas it was evenly divided 
in 2020 (126 female and 125 male). The indications for refer-
ral for radiology were diverse. General queries such as ‘arthritis?’, 
‘pathology?’, ‘skeletal abnormality?’ and ‘something abnormal?’ 
were common. The indications for referral were not noticeably 
different between the two time periods.

When comparing the two time periods, we found a substan-
tial increase of hips diagnosed with dysplasia after introduc-
tion of the screening (Fig. 3). During 2018, 17 of 348 (4.9%) 
radiograms with hip dysplasia were identified compared with 44 

of 251 (17.5%) radiograms in 2020 (P < 0.001). There was no 
statistical difference in the diagnosis of hip dysplasia between 
genders (P = 0.862).

A striking difference was observed regarding terminology dur-
ing the two periods. During 2018, only 2 of 17 radiograms in 
which the radiologist observed signs of dysplasia were marked 
by objective terminology. The remaining 15 used diffuse and 
varied descriptions, such as ‘pathological joint bowl’ or ‘steep 
acetabulum’. In the two instances where the joint was objectively 
measured, Sharp’s angle was used in one case and the CE angle 
in another case. During 2020, only two radiograms had diffuse 
terminology. All dysplastic hips were identified clearly, and 36 of 
44 used the standardized measurement algorithm described giv-
ing a clear verdict that the findings warranted referral to the YHC 
(Table II). 

In total, 64 patients were referred to the YHC after implemen-
tation of the new screening algorithm due to hip abnormalities 
for further evaluation during 2020. The time from referral to 
the orthopedic clinic to an appointment at the YHC was accept-
able, within the 3 months guaranteed by the Swedish health care 
service. A total of six patients (9.4%) referred to the YHC met 
criteria for PAO surgery, whereas the rest were offered non-
operative treatment and scheduled for follow-up. Indication cri-
teria for PAO at YHC are patients with hip dysplasia experi-
encing substantial daily hip pain without radiographic signs of 
OA and joint instability, detected either clinically or by com-
paring the rotational center of the femoral head in neutral and
abduction.

D I S C U S S I O N
The authors present the implementation of a screening program 
for early detection of hip dysplasia. As a result of the screening 
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program, a significant increase in the yearly incidence (from 4 to 
17%) of dysplasia could be detected.

Traditionally, the treatment of hip dysplasia in young adults 
has been conservative and many patients did not receive the cor-
rect diagnosis. A lack of knowledge of the condition leads to 
under-diagnosis and under-treatment. Consequently, the risk of 
OA development increases and the patient may eventually need 
to undergo THA. THA at a relatively young age increases the 
risk of implant wear or loosening and need for additional surgical 
procedures.

When discovered early, symptomatic hip dysplasia can be 
treated by re-orienting the acetabulum to a more favorable posi-
tion for load transfer reducing the risk for early THA. The 
authors’ method of choice is the Ganz peri-acetabular osteotomy 
(PAO) using a mini-invasive transsartorial approach described 
by Söballe [14, 15].

Computer tomography (CT) has been used to quantify dys-
plasia. In the setting of radiographic screening, the increased radi-
ation dose and the difficulty in accounting for pelvic tilt render 
this method difficult to advocate [16, 17].

In the Swedish setting, it has been a challenge to identify 
patients with hip dysplasia early, i.e. before the development of 
incipient OA. A Tönnis grade of greater than 1 has been shown 
to increase the risk for conversion to THA after PAO [7]. Patients 
with hip dysplasia are often identified too late, when the win-
dow for a successful PAO has closed due to secondary OA. Upon 
clinical interview, a history of hip pain in teenage years is often 
reported, which in retrospect may be due to undiagnosed hip 
dysplasia. Delays in diagnosis and referral have been reported to 
produce inferior outcomes [18].

The experienced physiotherapy team at the YHC is an essen-
tial part of complete patient care. Patients with borderline dys-
plasia or functional retroversion may do well with a conservative 
approach. Ongoing studies, such as PreserveHip, are underway 
to explore this option [19]. During the course of the YHC, all iso-
lated retroverted hips were initially offered physiotherapy. None 
of these patients have, after undergoing physiotherapy, met the 
clinical criteria for surgical intervention with reverse PAO or 
arthroscopic rim trimming.

To the authors’ best knowledge, this is the first implemen-
tation of a structured screening program for hip dysplasia in 
young adults. This article describes a practical amendment of 
clinical practice. A three-fold increase in the incidence of the 
radiological diagnosis of hip dysplasia was seen after imple-
mentation. A fair assumption is that false-negative radiogram 
interpretation decreased after implementation of the screening
program.

Another success of the program was the expediency by which 
general practitioners referred the patients on the YHC. As the 
treatment of dysplasia is multi–faceted, we believe that the cre-
ation of a multidisciplinary referral center for initial evaluation is 
essential for quality care.

L I M I TAT I O N S
The study coincided with the Covid-19 pandemic. Some patients 
may have stayed away from the healthcare sector leading to 
underreporting of the true incidence of hip dysplasia. Despite 
this, the radiograms identified with dysplasia were higher in both 
absolute and relative terms during 2020.

The study is retrospective in nature, and possible group dif-
ferences are not accounted for. Furthermore, a certain confirma-
tion bias might have been present in 2020 due to the ongoing 
screening program. Nevertheless, a small adjustment in in-house 
radiology routines resulted in a significant increase in hip dys-
plasia incidence without the need for all-encompassing educa-
tional programs across primary care and hospital practitioners to 
spread awareness of the condition.

One limitation is using only AP pelvic radiograms in classify-
ing hip dysplasia. The false profile view would highlight deficient 
anterior coverage more clearly; however, in order to simplify the 
screening process, we chose to focus on AP radiograms which 
indirectly show poor anterolateral coverage.

The authors suggest that the differences detected in the inci-
dence of hip dysplasia in 2018 compared with 2020 (before and 
after implementation of the screening program) were due to sub-
optimal radiological reporting and that recommended referral to 
a specialized center (YHC) was not routine.

CO N C LU S I O N
A three-fold increase of patients diagnosed with hip dysplasia was 
detected as a result of the implementation of a screening algo-
rithm. The advantage of screening is early referral to an orthope-
dic department for evaluation and consideration of physiother-
apy and/or surgical intervention. We recommend this screening 
method to be tested in other centers experiencing difficulties 
with delayed diagnosis of hip dysplasia.
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