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Abstract
Background  Healthcare institutions and policymakers are searching for system-wide approaches to reduce costs while 
maintaining quality and improving patient outcomes. In most healthcare systems infants referred for the detecting or treating 
developmental dysplasia of the hip (DDH) are sent to a radiology department for sonographic evaluation. The total duration 
of visit and cost of visit are essential variables in any healthcare setting and affect both efficiency and “the bottom line”. 
By having the treating clinician perform point-of-care ultrasound (POCUS) for the detection and follow-up of patients with 
DDH, we hypothesize that there would be a significant reduction in the time spent on the visit and the cost incurred without 
compromising quality or patient satisfaction. To our knowledge, no prior study has examined the effect of incorporating 
POCUS on the duration and cost of the visit in patients with DDH.
Purpose  To determine if there was a difference in the duration of the visit for patients with DDH when POCUS was per-
formed compared to when traditional “formal” sonography was performed. To determine if there was a difference in the 
cost of the visit for patients with DDH when POCUS was performed compared to when traditional “formal” sonography 
was performed.
Methods  Data for visits to a specialized outpatient office were collected over two years at a single-specialty orthopedic 
hospital, comparing the duration and cost of the visit between patient encounters for infants who had “formal” sonograms 
performed in the radiology suite to infants who underwent POCUS of the hip. In all, we included 532 patient encounters, 
326 patients had POCUS performed, and 206 had a “formal” ultrasonographic evaluation performed. Of these, 140 were 
new evaluations and 392 were follow-up evaluations for treatment. Of the 140 new patients, 80 were in the POCUS group, 
and 60 were in the “formal” US group. Of the 392 follow-ups, 246 were in the POCUS group, and 146 were in the “formal” 
US group.
Results  The mean duration of the encounter for the POCUS group was 42 min (range 16–75 min), and for the “formal” 
US group, it was 92 min (range 36–163 min). This difference was statistically significant (p = 0.002). The mean cost of the 
encounter for the POCUS group was $121.13, and for the “formal” US group, it was $339.38. This difference was statisti-
cally significant (p = 0.002).
Conclusion  Ultimately, our study demonstrated a statistically significant reduction in the duration and cost of a patient 
encounter for infants with DDH when they undergo POCUS rather than “formal” sonographic evaluation.

Keywords  Developmental dysplasia of the hip · Point of case ultrasound · Pediatric orthopaedics

Introduction

Developmental dysplasia of the hip (DDH) is the most com-
mon pediatric orthopedic condition in newborns. Though it 
is common worldwide, there are significant differences in its 
reported incidence, which may function from the number of 
detected cases rather than an actual incidence. A classic study 
cited an incidence of 5.5% in a cohort of 18,060 newborns but 
acknowledged that reported rates range from 4.4 to 51.8% [1]. 
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There is wide variability in screening methods, which has led 
to uncertainty in the accuracy of reported incidence. In more 
recent literature in which ultrasound (US) has become the most 
common screening method, there are still significant inconsist-
encies in incidence, ranging from 1 to 175 per 1000 live births 
[2–5]. Inconsistencies are essential to understand and address 
as undiagnosed DDH leads to accelerated hip joint degenera-
tion, necessitating total hip arthroplasty earlier in life [6, 7].

Several countries around the world have successfully 
implemented national screening to address inconsistencies 
in screening and late diagnoses. Since 1992 in Austria and 
1996 in Germany, universal ultrasound screening programs 
have significantly reduced the number and severity of sur-
gical interventions related to DDH [8]. Though universal 
screening programs have been cost-effective in preventing 
future, more invasive and expensive care, they have also led 
to added fees with additional visits. In more recent years, 
several countries have incorporated point-of-care ultra-
sound (POCUS) into their screening programs to combine 
the benefits of universal screening with the cost reduction 
and increased feasibility of POCUS.

Healthcare delivery systems are complex and do not 
allow easy and universal access to ultrasonography or radi-
ography. Often clinicians are unaware of the lowering cost 
and efficiency of incorporating POCUS into their practices.

POCUS has dramatically expanded the possibilities 
of screening in both hospital and outpatient settings and 
streamlined the process of diagnosing patients. Though this 
ultrasound exam is different from that for DDH, the capabil-
ity of the treating physician to perform it in the office versus 
sending the patient to a radiology suite for a formal US is 
relevant and can save time. Often clinicians are unaware of 
the lowering cost and efficiency of incorporating POCUS 
into their practices.

In light of the growing literature surrounding the 
improvement of DDH screening and POCUS use, we wanted 
to investigate the effects POCUS had on the time and cost of 
visits for DDH. There were two purposes of this study. The 
first purpose was to determine if there was a difference in the 
encounter duration for patients with DDH when POCUS was 
performed compared to when traditional “formal” sonogra-
phy was performed. The second purpose was to determine 
if there was a difference in the cost of the encounter for 
patients with DDH when POCUS was utilized compared to 
when traditional “formal” sonography was obtained.

Methods

Study Design and Setting

We performed a retrospective review of prospectively col-
lected data to assess whether the duration and cost of the 

patient encounter for a primary diagnosis of DDH differed 
when POCUS was incorporated than when a “formal” ultra-
sonographic examination was obtained.

The primary endpoints were the duration and cost of the 
encounter. The duration of the encounter was determined by 
analyzing the electronic time stamp created in the electronic 
medical record (EMR) from the time the patient checked in 
to the time they checked out. We determined the overall cost 
of the encounter was determined by the level of service and 
any additional fee for service recorded in the EMR.

Over two years, we conducted the study in an outpatient 
setting in a subspecialty pediatric orthopedic practice where 
one surgeon performed POCUS and three others obtained 
“formal” ultrasound evaluations.

Patients

The cohort was composed of a series of 532 patient encoun-
ters for patients younger than ten months presenting to a 
specialty pediatric orthopedic practice for a hip evaluation. 
There were 140 new evaluations, referred because they had 
a positive or equivocal physical examination result or were 
at a high risk of having DDH, and 392 follow-up encounters 
for treatment. Of the entire cohort, 326 patients had POCUS 
performed, and 206 had a “formal” ultrasonographic evalu-
ation performed. We only included patients in the “formal” 
ultrasonographic group when the evaluation was performed 
on the same day and counted as part of the same encounter. 
All patients who had ultrasound performed on a different day 
were excluded from this study in order to accurately include 
all time associated with the entirety of the visit.

Of the 140 new patients, 80 were in the POCUS group, 
and 60 were in the “formal” US group. Of the 392 follow-
ups, 246 were in the POCUS group, and 146 were in the 
“formal” US group.

Statistical Analysis

We analyzed data on SAS software. We utilized a two-sam-
pled independent t test to compare the means of the normally 
distributed interval dependent variables for the two groups 
and a Wilcoxon–Mann–Whitney U test as a non-parametric 
analog to the independent t test when it was assumed that 
the dependent variable was a normally distributed interval. 
Statistical significance was set at a p value less than 0.05.

Ethical Approval

We obtained ethical approval for this study from the New 
York University School of Medicine (study number i17-
0096_MOD09). The parents of the included patients were 
informed of the study, and written consent was obtained.
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POCUS Examination

For the POCUS, a portable US was used that the provider 
can carry and plug into a smartphone device or tablet. This 
portable US was available at all times in the clinic. Once the 
patient’s MRN was entered, the images were synced with 
the patient’s chart, and all were subsequently uploaded into 
the electronic medical record system. The primary surgeon 
performing the exam is a fellowship-trained pediatric ortho-
pedic surgeon. The exam, executed by the primary surgeon 
consisted of images of the femoral head in the acetabulum 
to evaluate the degree of reduction, subluxation or displace-
ment; a dynamic image with adduction, flexion and a poste-
riorly directed force to evaluate stability and finally an image 
of the femoral head in the acetabulum to measure the alpha 
and beta angles. All images were of high quality, equivalent 
to those from traditional US evaluations. The POCUS took 
five minutes—including preparing the examination table, 
positioning the infant, logging the information, the exam 
itself and saving the pictures.

Flow of Clinic Visits

In the health care setting where this study was carried 
out, patients are checked into an electronic medical record 
system at the time they arrive for their visit; this creates a 
timestamp which is reflected in the patients chart. Similarly 
when the patient checks out at the end, a timestamp is cre-
ated noting that the visit has ended; for the purposes of this 
study, we utilized the time at check in and the time at final 
checkout to calculate the duration of the visit. For patients 
in the “formal” ultrasound group, some would be evaluated 
clinically, then sent for ultrasound in the radiology suite and 
then return for the clinician to interpret the results, others 
would go first to radiology and then to the clinic. The spe-
cific order of these events was not recorded. For the POCUS 
group, the ultrasound occurred after the physician examined 

the infant and spoke with the caregiver. Again, the specific 
order of these events was not recorded (Fig. 1).

Costs

Cost information was obtained from our billing office. 
(Table 1) We averaged all charges for formal US and POCUS 
for both the initial and follow-up visits. The amounts are the 
total fees that were billed to the patient’s insurance. There 
were no Medicaid patients, all patients had some form of 
private health insurance.

Results

The mean age of the patients was 4.4  months (range 
0.25–9.5 months, or 2–42 weeks). There were no signifi-
cant differences in the groups’ demographics, with the 
mean age of the POCUS group being 4.5 months (range 
0.25–9.5 months) and the mean age of the “formal” US 
group being 4.25 (range 0.25–6.25 months) (p = 0.6).

The mean duration of the encounter for the POCUS group 
was 42 min (range 16–75 min), and for the “formal” US 
group, it was 92 min (range 36–163 min). This difference 
was statistically significant (p = 0.002).

The mean cost of the encounter for the POCUS group 
was $121.13, and for the “formal” US group, it was $339.38. 
This difference was statistically significant (p = 0.002).

When broken down by whether it was a new or follow-
up encounter: the cost for a new patient encounter in the 
POCUS group was $162.35 and $370.63 for the “formal” 
US group. The cost for a follow-up encounter in the POCUS 
group was $107.72 and $333.90 for the “formal” US group. 
This difference was found to be statistically significant with 
a p value of 0.003 (Table 1). This demonstrated there was 
significant money saved for both new patient and follow-up 
encounters.

Fig. 1   Components of clinic visit flowchart
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Discussion

Our study demonstrated a significant reduction in the dura-
tion and cost of a patient encounter for infants with DDH 
when they undergo POCUS rather than “formal” sono-
graphic evaluation. To our knowledge, this is the first study 
that demonstrates the cost and time reduction for POCUS 
for the pediatric orthopedic population and has significant 
implications across all fields of medicine.

POCUS will increase our ability to screen for DDH by 
making it easier, faster, and less expensive for families to 
evaluate their children. We also know that early identifi-
cation and introduction of treatment can significantly alter 
the subsequent invasive procedures and associated com-
plications that are historically associated with DDH [9]. If 
there is a clinical concern for DDH, most physicians have 
traditionally ordered an ultrasound. The patients then have 
to schedule this test, complete it, very often in a different 
facility or part of the building, or even on a different day, 
and finally, return to the physician to initiate treatment if 
required. Most physicians also rely on the radiology inter-
pretation of the study, which brings in more significant vari-
ability as the quality is not always uniform.

POCUS allows the streamlining of all of these steps into 
one office visit for evaluation, diagnosis and treatment. 
When time is of the essence, as it is for the diagnosis and 
treatment of DDH, advancements that improve efficiency 
and reduce cost, such as POCUS, should be distributed 
widely for incorporation into practice.

Furthermore, POCUS provides specialized care in non-
traditional settings, whether rural, resource-scarce, or, as 
recently found, settings affected by the COVID-19 pan-
demic. During the COVID-19 pandemic, POCUS allows 
patients access to adequate care and evaluation while 
avoiding the traditional hospital setting. Thus, POCUS pre-
vents delays in care for immunocompromised patients or 
parents who may be anxious or afraid of going to the hos-
pital. POCUS also facilitates providing orthopedic care to 
rural settings. Tran et al. reviewed POCUS applications in 
low- and middle-income countries. They found it particu-
larly beneficial in high need, low resource areas allowing 

physicians to diagnose many pathologies and initiate care 
quickly [10]. Rural areas face many obstacles in access to 
care, including patient presentation delays, urgency under-
estimation, and lack of subspeciality and essential sup-
port services. POCUS helps address several of these [11]. 
Whether rural or less accessible, POCUS has recently been 
incorporated into telemedicine, further advancing its effects 
on providing care.

The popularity of telemedicine accelerated during the 
COVID-19 pandemic. POCUS has great potential within 
this avenue of health care. Murphy et al. published a pro-
spective observational study on a virtual clinic for DDH in 
Ireland and found this virtual clinic decreased median wait 
times from referral to treatment, the numbers of overall vis-
its, and the per-patient visit cost by $170 with no adverse 
events. They found the gross savings throughout course 
of the study from all virtual visits amounted to €588,804 
[12]. POCUS can further enhance telemedicine’s ability to 
increase the scope of specialist opinions in less specialized 
hospitals [13]. If healthcare delivery systems could insti-
tute multimodal clinics, where virtual evaluations were an 
option, with POCUS to facilitate patients' ability to obtain 
adequate screening, the entire patient experience from diag-
nosis through treatment and follow-up for DDH could be 
transformed.

POCUS makes accessing health care more straightfor-
ward and less expensive for both patients and the system 
itself. Van Schaik et al. reviewed the potential savings in an 
emergency room setting for privately insured, out-of-net-
work or uninsured, and Medicare/Medicaid patients. The 
estimated savings from POCUS for one 8-h shift were on 
average $1134.31, $2826.31, and $181.63, respectively [14]. 
Thirdly, new literature highlights the time-saving aspects of 
POCUS. Villanueva et al. found each POCUS saved an aver-
age of 2 h per patient for follow-up of pediatric ureteropelvic 
junction obstruction after surgical intervention [15].

With current high-end portable devices having a price 
point of around $2000, their usage has spread throughout 
hospitals, allowing operators to interpret images during 
patient visits [10]. There are many different POCUS sys-
tems; some have a single, one-time fee for the acquisition of 

Table 1   Cost breakdown of 
costs by cohort and patient 
visits

*For the Point-of-Care Ultrasound (POCUS) Cohort, the hospital bills the visit with the surgeon at a 
slightly different rate to account for the POCUS being conducted

Formal ultrasound cohort Point-of-care ultrasound cohort

New patient visit Follow-up visit New patient visit Follow-up visit

N = 60 (29%) N = 146 (71%) N = 80 (25%) N = 246 (75%)

Mean cost per visit (Surgeon 
encounter only)*

USD $113.64 USD $76.16 USD $162.36 USD $107.72

Formal ultrasound additional cost USD $257.32 USD $257.32 – –
Mean cost per encounter USD $370.96 USD $333.90 USD $162.36 USD $107.72
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the hardware which can export images to any PACS system; 
others have a lower cost for the hardware and subsequently 
a yearly fee for image processing and storage. This price 
point is relatively inexpensive such that it has become fea-
sible for low- and middle-income countries to use POCUS 
to diagnose and manage diseases [10]. Studies across many 
fields, ranging from emergency medicine, general surgery, 
urology and primary care, have already demonstrated sig-
nificant reductions in cost for providers [15–17]. Because of 
this, many medical center are incorporating POCUS training 
into their education. In 2016, Mengel-Jørgensen et al. sur-
veyed 12 countries/regions, finding that most general practi-
tioners received formal training of POCUS to implement in 
their practice and a few countries even reported integrating 
POCUS into the undergraduate medical education curricu-
lum [18].

Specific to the costs associated with DDH, early diagnosis 
is crucial, but when diagnosed late, there are significantly 
more invasive and expensive procedures required for treat-
ment. Carmichael et al. estimated 2008 costs for different 
treatments related to DDH. The following are average costs 
for the treatment episodes: $7133 for closed reduction and 
casting, $18,201 for failed closed reduction and open surger-
ies and finally $38,000 when osteotomies are required [19]. 
Massive cost savings for all parties involved can be extrapo-
lated from these estimates when considering the number of 
procedures that could be avoided if timely, accurate diagnos-
tic and treatment care is provided with POCUS.

Our study, however, was not without limitations. First, 
a single institution was involved in the project in a large 
urban academic medical center. Moving forward, analysis 
of the specific time and cost savings across several systems 
could enhance the generalizability of our findings. Second, 
POCUS is user-dependent and can become technically 
more challenging as children develop. However, a recent 
publication highlighted the ease of acquiring the skill to per-
form POCUS for different providers [20]. Third, successful 
POCUS use in practice assumes the proficiency of the care 
provider. In our study, only one physician was performing 
the POCUS, so in future research we will expand to see 
how the exam length differs between physicians. Although 
this is not necessarily a limitation, it is an essential factor in 
this medium’s application. As with all new technology, the 
user must be adequately trained in using and interpreting 
POCUS to incorporate it into their practice successfully—
which is true of any new technology. Additionally, further 
investigations need to be performed regarding comparing the 
quality of imaging and diagnostics of POCUS to traditional 
ultrasound. There is some literature available for abdominal 
and pleural US on the non-inferiority of POCUS, but little 
in the Orthopedic realm [21]. A study by Ghosh et al. has 
demonstrated higher positive and negative predictive val-
ues in diagnosing medial compartment knee injuries using 

POCUS when compared to MRI [22]. Nonetheless, future 
research comparing POCUS to the traditional US is needed 
to understand further the role of POCUS in the care of DDH. 
Finally, there are no medicolegal implications of POCUS in 
this setting; as physicians we are using this as a tool in our 
clinical practice and are not providing formal reports. This 
may be different in other countries and should be investi-
gated prior to incorporating it into one’s practice.

Though not a true limitation, it is important to note we do 
not have objective, statistically significant patient-reported 
outcomes to add information as to how the use of POCUS 
and subsequent changes in timing and cost of the visits 
affected patient satisfaction. We do have anecdotal informa-
tion regarding patient satisfaction, but as this paper’s focus 
was an economic standpoint, HCA CAPS (Hospital Con-
sumer Assessment of Healthcare Providers and Systems) 
scores were not collected and analyzed.

Conclusion

To our knowledge, this is the first study to analyze and report 
on the effects of POCUS on the cost and duration of a patient 
encounter for a primary diagnosis of DDH. Ultimately, our 
study demonstrated a statistically significant reduction in 
the duration and cost of a patient encounter for infants with 
DDH when they undergo POCUS rather than “formal” 
sonographic evaluation. This study illustrates the potential 
benefits for both patients and healthcare systems of imple-
menting POCUS into physician practices.
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