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Abstract
Background We describe the first radiographic clinic in the literature for DDH and how this novel clinic can significantly
improve the efficiency and cost-effectiveness of service in a tertiary referral centre.
Aims A radiographic clinic for the management of developmental dysplasia of the hip was introduced in 2017 in our institution.
We performed a detailed cost analysis to assess the economic savings made with the introduction of this new clinic. We assessed
the efficiency of the service by identifying how many unnecessary outpatient visits were prevented. We also assessed the
difference in times from referral to review between the two clinics.
Methods Analysis of the clinic activity in 2017 was possible as all data was collected prospectively by the DDH CNS and stored
in our database. Cost analysis was performed, and the savings made per patient along with the financial benefit to our institution
was recorded.
Results The new radiographic clinic reduced the cost of reviewing one patient by €162.51 per patient. There was a 73% discharge
rate from the clinic which prevented 251 unnecessary patient visits to the outpatient department over the course of the year. There
was a significant 11-day reduction in waiting times between referral and review when comparing the radiographic to the
conventional clinic (p < 0.05).
Conclusions A radiographic clinic for the management of developmental dysplasia of the hip has a significant effect on the
efficiency and overall cost-effectiveness of service provision in a tertiary referral centre.

Keywords Cost-effective . Orthopaedic . Paediatric . Virtual clinic

Background

Developmental dysplasia of the hip (DDH) is a condition re-
quiring early diagnosis and management to optimise long-
term outcomes. Nationally, we experience a higher incidence
of late diagnoses and open surgery despite a normal incidence
of DDH when compared with international figures [1]. In an
effort to meet the national demand imposed by this condition,
we describe the implementation of the first radiographic clinic
for developmental dysplasia of the hip (DDH) in a tertiary
referral national paediatric centre. A radiographic clinic for
this condition has not been described in the literature to date.

We prospectively analyse the clinic’s introduction from a
number of perspectives:

1. Improved service provision.
2. Economic savings.
3. Patient safety.
4. Societal gains.

Methods

Referral process

The radiographic DDH clinic was implemented in our institu-
tion on January 1, 2017. This concept stemmed from an ob-
servation made in our pre-existing ‘rapid access hip clinic’.
This rapid access clinic was initially established to address
long waiting times experienced by DDH patients. We noted
that many patients were initially being referred to our
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institution merely because they had risk factors for DDH. It
was recognised that many of these patients had no abnormal
clinical findings and had no indication for clinical review in a
tertiary referral centre. Thereafter, we developed the concept
of the radiographic DDH clinic as we envisioned the merits of
such a service in our clinical environment.

The treatment pathway is demonstrated in Fig. 1. Public
health nurses performed the standard postnatal clinical exam-
inations on every baby born in the state. Patients with any
concerning clinical features were referred to either area med-
ical officers (AMOs) or general practitioners (GPs) for further
assessment. If this clinical review revealed any concerning
clinical features, a referral was sent to the radiographic DDH
clinic or by the traditional route to the conventional clinic,
depending on the referrer’s choice.

A description of prenatal clinical status, intrauterine position
of the patient, risk factors for DDH, family history, congenital
talipes equinovarus (CTEV) and firstborn status were all doc-
umented. The clinical findings of concern were included in the
referral transcripts, and pelvic radiographs were mandatory for
referral to the radiographic clinic. Once the referrals were re-
ceived, they were triaged by a DDH clinical nurse specialist
(CNS). All of the gathered information was stored in our DDH
database. The radiographic clinic is a CNS-delivered clinic
with comprehensive attending paediatric orthopaedic surgeon
supervision. All surgeons involved with the clinic provision
had a subspecialty interest in paediatric hip pathology.

Clinic structure

The clinic took place once a week in the presence of a
DDH CNS and a attending paediatric orthopaedic

surgeon. The clinic lasted between 60 and 90 min, and
an average of seven to ten cases were discussed each
week. A total of three paediatric hip specialists provided
constant attending supervision for each clinic. Each case
was reviewed with the referral transcripts and pelvic ra-
diographs. This was a radiographic-based clinic only, and
patients were only reviewed if they were at least 4 months
old. Patients younger than 4 months were routinely
assessed radiologically using ultrasound. For this reason,
these patients were not included for review in this radio-
graphic clinic. The decision to discharge a patient was
made based on two parameters: the acetabular index
(AI) and the centre-edge angle (CEA). We used our local-
ly agreed hospital protocol to define the acceptable AI of
a newborn, 6 month old, 12 month old and 24 month old
(Table 1). An abnormal CEAwas taken as less than 20°. If
there was no radiographic evidence of DDH, the patient
was discharged. If DDH was diagnosed or at least
suspected, one of three following options was chosen for
follow-up surveillance of that patient:

1. Follow-up in the radiographic clinic with repeat interval
radiographs only.

2. Clinical review by the DDH CNS in the ‘CNS-led hip
clinic’.

3. Clinical review by the attending in the conventional ‘at-
tending-led hip clinic’.

The decision to discharge or refer to one of the above op-
tions was made by the supervising attending in all cases.
Every radiograph taken in the radiographic clinic and both
hip clinics was reviewed by the supervising attending. In this
way, service provision was highly regulated at a attending
level.

The CNS-led hip clinic was held twice a month for 4 h at a
time. The conventional ‘attending-led hip clinic’ was held
once a week for each attending, usually requiring 4 h of clin-
ical resources.

Parallel to the above novel radiographic system, the tradi-
tional conventional DDH clinic that was present for many
years in our institution was still functioning in 2017. The
parallel functioning of two systems allowed us to compare
times between referral and review.

Fig. 1 Treatment pathway for the radiographic DDH clinic

Table 1 Acetabular
index by age Age Acceptable AI

Newborn 30°

6 months 26°

12 months 24°

24 months 22°
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Decision algorithm

The decision-making process was guided by a simple al-
gorithm. All cases with no evidence of DDH on radio-
graph and with no concerning feature in the referral tran-
scripts were discharged from the radiographic clinic.
Cases with mildly abnormal AI or CEA values with an
enlocated hip and no concerning features in the history
were monitored in the radiographic DDH clinic for inter-
val radiographic surveillance. Cases with abnormal radio-
graphs that would benefit from non-surgical interventions
such as Pavlik harness bracing were referred to the CNS-
led hip clinic for clinic examination and harness applica-
tion as appropriate. Any case with a severely abnormal AI
or CEA, with any evidence of hip subluxation or disloca-
tion, was referred to the conventional attending-led DDH
clinic for consideration of surgical intervention. At every
stage in the process, the attending-led hip clinic was read-
ily available to facilitate the timely review of a patient if
required.

Analysis

Analysis of the clinic activity in 2017 was possible as all data
was collected prospectively by the DDH CNS and stored in
our database. Data collected included the total number of re-
ferrals, source of referral, risk factors for DDH, radiographic
findings, discharge rate, most suitable location for patient sur-
veillance, non-operative intervention rate, operative interven-
tion rate and operation performed. Fisher’s exact test was used
to assess the relationship between two categorical variables.
Wilcoxon-Mann-Whitney was used to compare the effect that
the radiographic and conventional clinics had on times from
referral to review. Statistical analysis was performed using
Stata/IC 13.1 for Mac (64-bit Intel). A p value of less than
0.05 was taken to be significant.

In February 2018, the ‘Health Service Executive (HSE)
specialty costing report’ was released. This report provid-
ed detailed costing information in relation to patient at-
tendances to the hospital accounting for medical and non-
medical manpower, resources and overheads incurred.
This made it possible to calculate the cost of reviewing
a patient in both the radiographic clinic and the ‘conven-
tional’ clinic. Cost analysis was performed, and the sav-
ings made per patient along with the financial benefit to
our institution was recorded.

If any discharged patient was rereferred back into the sys-
tem after discharge, this was recorded as a failure of the radio-
graphic clinic. Finally, the impact on society through parental
lost days at work was extrapolated and recorded. Full ethical
approval was received by the Ethics Committee prior to com-
mencement of this study.

Results

Improved service provision

In 2017, 350 patients were referred in to the radiographic
clinic. AMOs referred 67% of patients, and GPs referred
29% of patients. We discharged 251 patients after the first
review. This gave a 73% discharge rate from the clinic in its
first year. We prevented 251 unnecessary patient (and parent)
attendances to the hospital throughout the year. Of the 350
patients, 99 were monitored for progression of the condition.
Eighty-one of the 99 were observed in the radiographic clinic
with repeat pelvic radiographs only. Sixteen were managed
with bracing, and two underwent EUA, arthrogram, closed
reduction and hip spica casting (Fig. 2). This meant that there
was an 18% intervention rate for the 99 patients who were not
discharged on index review and only a 2% operative interven-
tion rate for those same 99 patients.

Regarding risk factor analysis, 6 patients were breech pre-
sentation, 10 had first-degree relatives with a history of DDH
and 12 had second-degree relatives with family history. This
meant that family history was the most prominent risk factor at
22.2% of cases, and breech presentation was the second
commonest at 6.0% of cases.

There was a significantly reduced time between referral
and clinic review in the radiographic clinic when compared
with the conventional clinic (p < 0.01). The mean time be-
tween referral and review in the conventional clinic was
43 days (σ = 52.9). The mean time between referral and re-
view in the radiographic clinic was 32 days (σ = 49.8). This
was found to be a statistically significant reduction (p < 0.01).

Economic savings for the institution

Referencing the most recent ‘National Specialty Costing
Report’, we calculated that the total price for a patient to attend
the conventional DDH clinic was €185.43 [2]. This price per
patient included all overheads, staffing and resources needed

Fig. 2 Outcome of 99 patients diagnosed with DDH in the radiographic
clinic
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to provide the conventional clinic. In contrast to this, the price
of a patient to be reviewed in the radiographic clinic was
calculated at only €18.71. The hourly rate of the DDH CNS
was €28. The annual cost of a DDH CNS present at 50 clinics
was €1400. Incorporating these figures together, the total cost
of treating a patient in the radiographic clinic was €22.92. We
therefore made a saving of €162.51 per patient seen in the
radiographic clinic compared with the conventional DDH
clinic. In total, for the year 2017, the hospital made a saving
of €40,446.72.

Patient safety

We can confirm that the process is safe. There were no
rereferrals from the community into the clinic. No patients
that were discharged came back to the clinic with any con-
cerns throughout the course of the year. Shorter waiting times
to be seen in the clinic are also safer for patients as the more
urgent cases may be seen earlier. The radiographic clinic had
significantly shorter waiting times than the conventional one
(p < 0.01).

Societal gains

This protocol has significant gains for society also.
Absenteeism due to paediatric clinic attendance by parents is
an issue that may be improved through this service. We pos-
tulate that at least 250 working days were saved by preventing
the unnecessary attendance of hundreds of parents. Two hun-
dred and fifty-one patients were spared unnecessary atten-
dance. It follows that at least 250 working days were saved
overall. This is a conservative estimate as most patients had
two parents in attendance for conventional clinic consulta-
tions. We are therefore likely to be significantly
underestimating the positive impact this novel clinic is having
on society through absenteeism at work.

Discussion

Nationally, the incidence of DDH has been reported as 6.73 per
1000 live births [1]. This figure is comparable with international
figures. Most ‘screening’ consists of a clinical examination at
varying intervals in the community with a non-specified role for
radiography and ultrasound. Despite this clinical screening na-
tionwide, the incidence of late diagnoses (2.77 per 1000) and
open surgery (1.08 per 1000) is higher than national figures [1].
This suggests that clinical examination alone is not reliable to
detect DDH early. In 2017, Groarke et al. assessed a collection
of common clinical findings found in DDH and their association
with an abnormal acetabular index [3]. Interestingly, they found
that not a single clinical finding was a significant indicator of an
abnormal AI. These findings included asymmetrical creases, hip

click, limb length discrepancy and reduced abduction. The im-
plication is that clinical assessment exclusively is not a suitable
means for either detecting or monitoring the progression of
DDH. The concept of a radiographic DDH clinic with radio-
graphic assessment for detection and monitoring is therefore
very appropriate in this context.

Many regions still struggle to achieve a comprehensive DDH
screening system. This leads to higher rates of late referrals, late
diagnoses and operative intervention rates [4]. In the absence of
a national DDH screening programme, referrers tend to be un-
derstandably cautious when a suspected clinical finding of DDH
is present. This leads to high rates of referral. The issue for our
tertiary referral centre in this setting is that a high volume of low-
yield referrals based on an unreliable clinical examination can
quickly overwhelm the system and DDH services in general.
We therefore introduced the radiographic DDH clinic to deal
with this high volume of low-yield referrals and preserve those
vital clinic appointments for patients who will likely need inter-
vention. As already discussed, we had a 73% discharge rate.
This avoided 251 unnecessary attendance to the clinic. This
equated to an extra 21 clinics in the relevant year which allowed
us to direct our vital outpatient resources to the patients who
were most in need of them. From 2017 to 2018, in our institu-
tion, we have also seen a reduction in themeanwaiting times for
the radiographic clinic from 32 to 14 days. We postulate that the
optimisation of resources in general has led to shorter waiting
times and a more accessible service for patients in need of re-
view for DDH.

For almost 20 years now, radiographic clinics have had a
role in the provision of medical care [5]. They have frequently
been reported as safe with high levels of patient satisfaction
[6]. Radiographic clinics are particularly suited to conditions
where the clinical examination does not contribute as much to
the management decision as radiographic analysis. In our ex-
perience, for DDH patients requiring surgery, we find that
clinical examination alone does not contribute to the
decision-making process. Furthermore, we note that radio-
graphic assessment alone provides sufficient information to
manage patients with no evidence of DDH and patients with
mild DDH that have no indication for operative intervention.

Radiographic clinics have successfully been introduced for
conditions such as asthma, hypertension and burns [7–9].
These clinics are particularly attractive in the field of ortho-
paedics. The Glasgow Royal Infirmary group originally de-
scribed the first radiographic fracture clinics in orthopaedics
[10]. Since then, especially in the trauma setting, uptake of
radiographic clinics has been very high with good reported
levels of success [11].

Introduction of nationwide radiographic fracture
clinics across the UK is postulated to save the NHS a
potential £10.1 million [12]. The cost-effectiveness of
radiographic clinics has been widely described through-
out the literature [13].
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Radiographic clinics for DDH have not been described in
the literature to date. We demonstrate savings of €162.51 per
patient seen in the radiographic clinic compared with the con-
ventional clinic. In the first year of this novel clinic, we saved
the hospital €40,446.72 in total.

Limitations

Our study had limitations.We only have a maximum of 1-year
follow-up data on each patient. It may follow that a number of
patients are rereferred in the future indicating a need to refine
our treatment algorithm for discharge. Our sample size is rel-
atively small but is projected to increase over the coming years
with establishment of the service.

Conclusions

We describe the first radiographic clinic for the management
of DDH in the literature. High volumes of low-yield referrals
can be effectively and safely reviewed in the radiographic
clinic. Waiting times to be seen in the radiographic clinic are
significantly lower than the conventional clinic (p < 0.05). The
cost reduction per patient seen in the radiographic clinic was
€162.51. Conventional clinic appointments for patients in
need of intervention can also be protected through this mech-
anism. We recommend the introduction of a radiographic
DDH clinic for any paediatric orthopaedic centre providing
care for DDH patients on a large scale. Further analysis of this
service should be performed in future studies.
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