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ABSTRACT
Background:  Developmental dysplasia of the hip (DDH) is a disorder of hip development that 
leads to dysplasia, subluxation, or total hip dislocation. Early detection of DDH is important, and 
early initiation of abduction treatment is key to successful correction of the hip joint. However, 
mild forms of DDH, including hip instability without complete dislocation, have good spontaneous 
healing potential, and a watchful waiting strategy in mild DDH has been found to be safe. In this 
study, we aimed to evaluate the cost differences between different treatment strategies for DDH.
Material and methods:  Data were collected retrospectively from the medical records of all 
children diagnosed with diagnosis and treatment of DDH in Tampere University hospital between 
1998 and 2018. In total, 948 patients were included in the study. Patients who underwent casting 
or operative treatment (n = 48) were excluded from the analysis. All Ortolani positive children 
were subjected to early abduction treatment. Children with Ortolani negative DDH were subjected 
to either watchful waiting or early abduction treatment, based on the clinicians’ decision. The 
regression model estimates for the number of clinical visits with and without ultrasound 
examination were assessed together with cost reports from Tampere University Hospital for the 
calculation of savings per patient in spontaneous recovery.
Results:  Alpha angles at one month of age (p < 0.001) and treatment method (p < 0.001) affected the 
number of clinical visits and ultrasound examinations during the treatment follow-up. A low alpha 
angle predicted closer follow-up, and children with spontaneous recovery had lower numbers of 
clinical visits and ultrasound examinations than children in abduction treatment. Spontaneous recovery 
was found to result in approximately 375€/patient savings compared to successful abduction treatment.
Conclusion:  With correct patient selection, a watchful waiting strategy is cost-effective in treating 
mild developmental dysplasia of the hip, considering the high percentage of spontaneous 
recovery.

KEY MESSAGES
•	 Watchful waiting strategy should be implemented to clinical practice when treating mild DDH 

as it seems safe and cost effective.

Introduction

Developmental dysplasia of the hip (DDH) varies in 
severity from mild immaturity of the hip joint to the 
most severe form of DDH, in which the hip is com-
pletely dislocated and not reducible. Ortolani and 

Barlow’s signs are widely used by clinicians to describe 
the severity of a condition [1,2]. The true incidence of 
DDH is unknown because the screening methods vary 
globally. The incidence of 1–2/1000 newborns has 
been detected in clinical screening, but with ultra-
sound screening programs of the newborn, the 
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incidence of all the mildest forms included is reported 
to be as high as 5–7% [3–6].

It seems, that universal ultrasound screening pro-
grams might add overtreatment of the condition with-
out reducing the late diagnosed cases of DDH, and 
thus universal ultrasound screening of DDH is not rec-
ommended by the literature [7–10]. Selective second-
ary ultrasound screening in infants with clinically 
abnormal hips and/or known risk factors for DDH is 
recommended [8,11–13], although a recently published 
review did not find ultrasound screening of children 
with risk factors to reduce the number of late cases of 
DDH, surgery, or complications [10].

Early detection of DDH is important for the success-
ful treatment of this condition [14,15]. Conservative 
treatment with abduction is widely accepted as the 
first-line treatment for Ortolani-positive dislocation. 
Globally, Pavlik Harness, which has shown high success 
rates, is the most commonly used method for abduc-
tion treatment [16,17]. Mild forms of DDH exhibit 
excellent spontaneous recovery rates [2,14, 18]. It has 
been documented that it is safe to wait for sponta-
neous recovery for four to six weeks in Barlow-positive, 
Ortolani-negative DDH [8,19,20].

Abduction treatment is effective and has an excellent 
success rate. Woodacre et al. reported that the cost of suc-
cessful abduction treatment is around 700 €/patient but 
casting or operation multiples the costs per patient [21].

We wanted to evaluate the costs of successful abduc-
tion treatment further to determine if there are any fac-
tors affecting the number of clinical visits or dynamic 
ultrasounds performed, thereby affecting the costs of 
abduction treatment. Our hypothesis was that children 
in watchful waiting strategy have fewer number of clini-
cal controls and ultrasounds compared to early abduc-
tion treatment and thereby it might lead to savings in 
the treatment costs due to fewer controls and less imag-
ing studies needed. To the best of our knowledge, there 
have been no previous studies on this subject.

Material and methods

Data were collected retrospectively from the medical 
records of all children with DDH diagnosis, according 
to the World Health Organization International 
Classification of Diseases and Health Related Problems 
9th and 10th revisions (ICD-9 and ICD-10), codes 7543.0–
7543.5 (ICD-9), and Q65.0-Q65.5 (ICD-10), treated in 
Tampere University Hospital in the years 1998–2018. 
Only children whose treatment was started and com-
pleted at the Tampere University Hospital were 
included. In total, 948 patients were included in the 
study. Children who underwent surgery or spica cast-
ing (n = 48) were excluded from analysis.

A positive family history was defined as any 
first-degree relative (parent or sibling) having a history 
of DDH. As information on family history was missing in 
a high number of cases (n = 335), we decided to include 
children with missing information in the missing infor-
mation of family history subgroup in the multivariable 
model of all children, as we did not want to exclude 
this high number of patients, but we still wanted to 
include family history in the multivariable analysis.

Regarding risk factors’ association with the need of 
abduction after an observation period in a group of 
children initially selected in to watchful waiting, we 
only included the children with the information of all 
the risk factors (sex, breech presentation and family 
history) in to the analysis. We controlled the results 
including also the children with missing information 
about family history in to the analysis.

The first clinical status of the hip was defined as 
Ortolani positive or negative by a pediatric surgeon or 
pediatric surgery resident.

Alpha angles were measured according to Graf’s 
method by pediatric radiologists.

There were three possible treatment options: early 
abduction treatment (abduction started within the first 
two weeks of life), spontaneous recovery (no abduction 
treatment), and delayed abduction treatment (abduction 
treatment started approximately at the age of one 
month). Children with an Ortolani-positive DDH were 
treated with early abduction. Children with mild DDH 
(Ortolani negative, clinically mild hip instability without 
complete dislocation) were either treated with early 
abduction or selected for a watchful waiting protocol. 
The choice of treatment strategy (watchful waiting or 
early abduction) was made by a pediatric surgeon or a 
pediatric surgery resident and was mainly based on the 
clinical presentation, but having risk factors of DDH and 
parents’ opinion about treatment were also taken 
account. The first ultrasound was mainly performed at 
the age of one month, after which sonographic findings, 
together with the clinical status, guided the treatment 
and follow-up. The abnormal ultrasound findings at 
approximately 4–6 weeks of age (range 16 – 89 days) lead 
to abduction treatment in children initially selected in to 
watchful waiting strategy. Abduction treatment ended 
after reaching normal findings in dynamic ultrasound 
(stable hip joint and alpha angle 60 degrees or more).

Statistical analysis

Data were analyzed using IBM SPSS Statistics for 
Windows version 23 (IBM). The deviation of normality 
was checked for the number of clinical visits and ultra-
sounds as well as for alpha angles using histograms 
and tests of normality (Kolmogorov-Smirnov and 
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Shapiro-Wilk tests). Neither of these variables passed 
the formal normality tests; therefore, the Mann-Whitney 
test was used for binominal variables and the 
Kruskal-Wallis test for multinomial variables for statisti-
cal analysis in the bivariate models. The Spearman cor-
relation- test was used between two continuous 
parameters (alpha angles and numbers of controls).

We studied risk factors’ associations with needing abduc-
tion after observation period in a group of children selected 
into the watchful waiting protocol in cross-tabulations with 
chi-square statistics. We then controlled the results in mul-
tivariable analysis in binomial regression model.

We studied the associations of risk factors (sex, breech 
presentation and positive family history), treatment (early 
abduction, spontaneous recovery or delayed abduction) 
and alpha angles (as a continuous parameter) with the 
number of clinical visits without hip ultrasound and 
including hip ultrasound with multivariable analysis using 
a linear regression model. The raw residuals were checked 
for the number of clinical visits, and the distribution of 
the residuals was considered symmetrical, indicating the 
reliability of the selected method.

The costs of clinical visits, including ultrasound 
examination (400€) and clinical visits without ultra-
sound (125€) were verified from the latest cost 
reports of Tampere University Hospital. These prices 
include all the costs related to the clinical visit (for 
example, radiologists’ statements and harness initia-
tion by pediatric surgeons) but not the cost of the 
harness itself.

Using the estimates from the multivariable model 
and the latest cost report of Tampere University 
Hospital, we calculated the savings per patient that 
could be achieved with spontaneous recovery.

Ethical approvement

The study was carried out according to Finnish 
national and European Union legislation and guide-
lines. The Regional Ethics Committee of the Expert 
Responsibility area of Tampere University Hospital 
accepted the study. The need for patients’ written 
consent was deemed unnecessary by the Regional 
Ethics Committee of the Expert Responsibility area of 
Tampere University Hospital as we did not contact the 
families to conduct this retrospective study.

Results

Of the 900 children, the majority (71.8%) were girls. 
Ortolani-positive dislocations were detected in 361 
patients (40.1%). In total, 640 children (71.1%) under-
went abduction treatment. Of the treated children, 482 

(75.3%) had an early start of abduction treatment 
within the first two weeks of life. Majority of these 
children (98.8%) were treated within the first week of 
life. Overall, 418 children (45.9%) were subjected to a 
watchful waiting strategy. Of these, 159 (38.0%) had 
delayed abduction treatment and 259 (62.0%) recov-
ered spontaneously. Mean observation time before 
delayed abduction was 35 days (range 16–89 days), and 
majority (77.4%) of the children in delayed abduction 
were observed for four to six weeks before abduction. 
Altogether 19 children (11.9%) had shorter observation 
period (16–26 days) and 17 (10.6%) children had lon-
ger observation period (over six weeks) before the 
treatment initiation. The patient demographics are pre-
sented in Table 1.

Girls were more likely to need abduction treatment 
after an observation period than boys (p = 0.023). 
Positive family history (p = 0.818) or breech presenta-
tion (p = 0.551) were not associated with the need of 
abduction after observation. We controlled the results 
including the children with missing information about 
family history in to the multivariable analysis, which 
only made the association, regarding girls needing 
abduction after observation more often than boys, 
stronger (p = 0.005). See the results in Table 2.

Mean of 2.0 clinical visits without ultrasound (median 
1.9, range 0–15) and 2.4 (median 2.36, range 0–6) with 

Table 1.  Patient demographics.

Variable N (%)
N included in 
analysis (%)

Sex Girl 646 (71.8%) 900 (100%)
Boy 254 (28.2%)

First clinical status Ortolani positive 361 (40.1%) 878(97.6%)
Barlow positive 222 (24.7%)
Barlow negative 295 (32.8%)
information 

missing
22 (2.4%)

Alpha angle at 
1 month of age

under 50 83 (9.2%) 744 (82.6%)
50–59 392 (43.6%)
60 or over 269 (29.9%)
information 

missing
156 (17.3%)

Breech presentation Yes 298 (33.1%) 894 (99.3%)
No 596 (66.2%)
information 

missing
6 (0.7%)

Positive family 
history

Yes 128 (14.2%) 900 (100%)
No 437 (48.6%)
information 

missing
335 (37.2%)

Treatment Spontaneous 
recovery

259 (28.8%) 900 (100%)

Early abduction 
(1–7 days)

476 (52.8%)

Early abduction 
(8–14 days)

6 (0.7%)

Delayed abduction 
(16–27 days)

19 (2.1%)

Delayed abduction 
(28 days or 
over)

140 (15.6%)
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ultrasound were performed per patient, respectively. 
Using the mean values and costs of clinical visits without 
ultrasound examination and ultrasound examination, the 
mean cost of treatment was calculated to be 2 × 125€+ 
2.4 × 400€= 1210€per patient.

In the multivariate analysis, treatment (p < 0.001) and 
alpha angles (p < 0.001) were associated with the num-
ber of clinical visits without ultrasound (p < 0.001), as 
well as with the number of clinical visits including ultra-
sound (p < 0.001). Lower alpha angles were strongly 
associated with a higher number of clinical visits includ-
ing ultrasound (p < 0.001) and without ultrasound exam-
inations (p < 0.001). Children who recovered 
spontaneously had fewer clinical visits with ultrasound 
(p < 0.001) and without ultrasound examination 
(p < 0.001) than children who required abduction treat-
ment with early or delayed onset (Tables 3 and 4).

Using the estimates from the multivariable models 
and the costs of clinical visits with and without hip 
ultrasound examination, we calculated the estimated 
savings for a successful watchful waiting strategy. The 
children who recovered spontaneously had approxi-
mately 1.4 clinical controls without ultrasound exam-
ination and 0.5 clinical controls, including ultrasound 
examination, less than the children in early abduction 
treatment (p < 0.001). Children in the late abduction 
treatment had 0.7 clinical controls without ultrasound 
less (p < 0.001) and 0.2 clinical controls including ultra-
sound examination more (p < 0.001) than children in 
the early treatment group. Clinical control, including 
ultrasound examination in the pediatric surgery 
department costs 400 € and without ultrasound 125€. 
Therefore, the savings of spontaneous recovery com-
pared to early abduction treatment were 0.5 × 400€+ 
1.4 × 125€= 375 €/patient. Late abduction treatment 
brought savings of 0.7 × 125€ − 0.2 × 400€= 7.5 €/
patient, compared to early treatment.

In our centre, the patients in the watchful waiting 
group demonstrated a 62.0% spontaneous recovery 
rate. Using these data, the savings achieved using the 
watchful waiting strategy for this selected patient 
group (n = 418) instead of immediate abduction treat-
ment were ~ 98 376 €(0.62 × 418 × 375€+0.38 × 418 × 7,
5€). As variable spontaneous recovery rates of DDH 
during watchful waiting have been reported, we 
demonstrated the possible savings of a watchful 

Table 2.  Risk factors effect on needing abduction treatment 
after observation period.

Risk factor (n) p value

p value in 
multivariable 

model

Need of abduction after 
observation

Yes No

Sex (418) 0.005 0.023
Girl (295) 125 (42.4%) 170 (57.6%)
Boy (123) 34 (27.6%) 89 (72.4%)
Breech 

presentation 
(417)

0.58 0.82

Yes (109) 44 (40.4%) 65 (59.6%)
No (308) 115 (37.3%) 193 (62.7%)
Family history of 

DDH (271)
0.76 0.55

Yes (63) 25 (39.7%) 38 (60.3%)
No (208) 87 (41.8%) 121 (58.2%)

All the statistically significant values have been bolded to make it easier 
for readers to find them.

Table 3.  Risk factors effect on the numbers of clinical visits 
without ultrasound examination.

Risk factor (n) p value

p-value in 
multivariable 

model

Estimated 
difference in the 

number of clinical 
visits without 

ultrasound 
(multivariable 

model)

1-month alpha 
angle

<0.001 <0.001

Sex <0.001 0.20
Girl (533)
Boy (209)
Treatment <0.001 <0.001
SR (198) <0.001 −1.4
DT (145) <0.001 −0.7
ET (399) 0
Breech presentation 0.89 0.95
Yes (251)
No (491)
Family history 0.14 0.07
Yes (109)
No (373)
Information missing (260)

SR = spontaneous recovery, DT = delayed abduction treatment, ET = early 
abduction treatment. All the statistically significant values have been 
bolded to make it easier for readers to find them.

Table 4.  Risk factors effect on the numbers of clinical visits 
with ultrasound examination.

Risk factor (n) p value

p-value in 
multivariable 

model

Estimated 
difference in the 

number of clinical 
visits with 
ultrasound 

examination 
(multivariable 

model)

1-month alpha 
angle

<0.001 <0.001

Sex <0.001 0.23
Girl (533)
Boy (209)
Treatment <0.001 <0.001
SR (198) <0.001 −0.5
DT (145) <0.001 +0.2
ET (399) 0
Breech presentation 0.15 0.98
Yes (251)
No (491)
Family history 0.48 0.42
Yes (109)
No (373)
Information missing (260)

SR = spontaneous recovery, DT = delayed abduction treatment, ET = early 
abduction treatment. All the statistically significant values have been 
bolded to make it easier for readers to find them.



Annals of Medicine 5

waiting strategy in 500 patients with variable sponta-
neous recovery rates. Savings were calculated for the 
spontaneous recovery of 75%, 50%, and 25% of the 
children. The savings are shown in Figure 1.

Discussion

As expected, we found that children with low alpha 
angles at the age of one month required close follow-up 
in their treatment. The low alpha angles also evidently 
lead to more expensive treatment because of close 
follow-up. In Tampere University Hospital, a watchful 
waiting strategy is a treatment option for children with 
mild DDH (Ortolani negative) based on the first clinical 
examination by a pediatric surgeon or pediatric surgery 
resident within the first 14 days of life. After approxi-
mately one month of age, the dynamic ultrasound 
examination by a pediatric radiologist with alpha angles 
and clinical status of the hips by a pediatric surgeon or 

pediatric surgery resident guide the treatment. Previous 
studies have found that in cases of mild DDH, four to 
six weeks waiting for treatment onset seems safe, as it 
does not seem to increase the risk of operative treat-
ment or the duration of subsequent treatment 
[19,20,22]. However, as we have reported earlier, watch-
ful waiting strategy creates a risk for delay in the recov-
ery of the hip joint anatomy due to later treatment 
initiation [23]. According to our results, girls were more 
likely to need abduction treatment after observation 
period than boys. We have earlier found, that girl sex 
might increase the risk of late recovery [23] and more 
severe clinical presentation of DDH [24]. Our finding in 
the present study further supports our earlier findings. 
Girl sex is a well-known risk factor of DDH [25,26]. Our 
findings indicate that girl sex might have an effect on 
the recovery of DDH, as the observation period did not 
lead to normalization of alpha angles as often than 
in boys.

Figure 1. S avings of watchful waiting strategy compared to early abduction treatment. Savings are calculated using the savings 
of 375€/patient for spontaneous recovery and 7.5€/patient for delayed abduction treatment. SR = spontaneous recovery, 
DT = delayed treatment.
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When considering the benefits of the watchful wait-
ing strategy over the early abduction treatment in 
mild DDH, the cost differences of the strategies are 
also important to evaluate. More clinical visits and 
ultrasounds needed during follow-up also indicate a 
more expensive treatment. In the present study, we 
found that providing the possibility of spontaneous 
recovery can significantly reduce the costs of the treat-
ment, depending on the percentage of children recov-
ering spontaneously. The severity of the condition was 
taken account by having alpha angles in the multivari-
able model, and despite that the watchful waiting 
strategy seemed cost effective as the numbers of clin-
ical controls and ultrasound examinations were lower 
in spontaneous recovery group and they were not sig-
nificantly higher in delayed abduction group com-
pared to early abduction group.

As earlier studies have pointed out, mild DDH has 
an excellent spontaneous recovery rate in the first 
weeks of life, ranging from 40% to 97%, depending 
on the study [5,14,19,27]. Since reported spontaneous 
recovery rates vary, we decided to demonstrate the 
possible savings in 500 patients if 25%, 50%, and 75% 
of the children in the watchful waiting strategy ended 
up needing abduction treatment after the observa-
tion period. The true savings of watchful waiting 
strategies depends on the percentage of spontaneous 
recovery. The higher the spontaneous recovery rate, 
the better the savings achieved using the watchful 
waiting strategy as a part of the treatment protocol. 
To our knowledge, no previous studies have consid-
ered the possible savings of watchful waiting strategy 
in mild DDH. Our research further encourages clini-
cians to use watchful waiting strategies in mild DDH, 
as it seems safe and could reduce expenses compared 
to the strategy in which all the mild forms of DDH are 
treated with early abduction. With appropriate patient 
selection, a watchful waiting strategy seems to be 
cost-effective. In this study, we only included children 
with successful conservative treatment, as we wanted 
to evaluate the cost of successful abduction treat-
ment and/or spontaneous recovery. We did not 
include patients who underwent casting and/or oper-
ative treatment (n = 48, 0.051%), and it is necessary to 
further study the factors that increase the risk of fail-
ure of abduction treatment to avoid multiple surger-
ies and long hospital stays. However, in our 
unpublished study, we found that patient selection 
for a watchful waiting strategy at our hospital was 
safe and successful.

The mean cost of conservative treatment of DDH in 
our data was approximately 1200€/patient, which is 
markedly higher than the costs reported by Woodacre 

et  al. reported (601£~700€) in their study. However, 
the authors of the study did not report how many 
clinical controls and ultrasound examinations their 
patients had in the treatment, which makes it difficult 
to reliably compare the costs. The treatment costs vary 
between hospitals due to differences in treatment pro-
tocols, manufacturers and healthcare systems. The idea 
of watchful waiting in DDH is mainly based on two 
publications by Rosendahl et  al. [22] and Laborie et  al. 
[12]. It is reasonable that hospitals in the world in 
addition to ours base their watchful waiting protocol 
to these studies describing a period of waiting until 
about 6 weeks age and then, based on a single control 
visit with ultrasound, decision for abduction treatment, 
if necessary. The protocols of abduction treatment 
include much more variation worldwide. However, har-
ness/splint adjustments in clinical controls in every 
2–4 weeks are mandatory due to rapid growth of new-
borns. Some authors also recommend ultrasound 
every 2–4 weeks in harness treatment [28]. This means 
that in all cases, the patients treated with abduction 
will have more control visits compared to those suc-
cessfully improved during the watchful waiting. The 
exact amount of savings might not be generalizable 
due to different protocols but having savings due to 
fewer control visits is.

We did not include the costs of Pavlik harness in 
our calculated savings/patient, as we did not find the 
exact price of the harness in the Tampere University 
Hospital cost report. At Tampere University Hospital, 
we used and washed the same harness multiple times, 
which decreased the cost of the harness treatment. 
Woodacre et  al. reported the harness cost to be 
approximately 40€/patient (35£), which can be added 
to our calculated savings, making the overall savings 
over 400€/patient in spontaneous recovery compared 
to early harness treatment.

The retrospective collection of our data is a limita-
tion, as the information regarding family history of 
DDH and alpha angles was incomplete. We did not 
find associations between a positive family history and 
the number of clinical visits and ultrasound examina-
tions. However, we have previously found that a posi-
tive family history seems to predispose children to the 
most severe cases of DDH [23,24]; therefore, children 
with a family history of DDH might also need closer 
follow-up than children without a family history. The 
incomplete data of alpha angles affected the multivari-
able model, as some children were excluded from the 
model. However, we wanted to include the alpha 
angles in the analysis, as they clearly affect the treat-
ment and follow-up of DDH. Despite incomplete data, 
we still found differences in the number of clinical 
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visits for different treatment strategies. Children were 
selected for watchful waiting strategies according to 
the clinical status of the hips. Due to the retrospective 
study design, the exact reasons behind clinicians’ treat-
ment decisions regarding children with mild hip insta-
bility are not clear, and several issues (such as parents’ 
opinion, and risk factors of DDH) might have affected 
to it. However, as in our protocol Ortolani positive dis-
locations get treated early, only the children with clin-
ically mild hip dysplasia were possibly selected to 
watchful waiting. With clearer protocol, subjecting all 
the clinically mild DDH in watchful waiting (as sug-
gested in the literature [8,12,22]), the spontaneous 
recovery rates might be even higher than in our study. 
However, our protocol is more flexible as it gives an 
option of early treatment also to children with clini-
cally mild hip dysplasia. Despite the modified protocol, 
we still made savings as a number of children recov-
ered spontaneously and the delayed treatment did not 
add controls. Selective ultrasound screening with a 
clinical screening program is a common practice and is 
also used in our hospital, as universal ultrasound 
screening might lead to over-diagnosis and 
over-treatment of DDH [7,10,11,13,29,30]. Our earlier 
study [24] found that selective ultrasound screening in 
our hospital was successful, as the incidence of late 
cases of DDH (0.27/1000) and operatively treated cases 
of DDH (0.46/1000) were low, and in line with a 
recently published meta-analysis around the sub-
ject [10].

Conclusions

With appropriate patient selection, a watchful waiting 
strategy in mild DDH might reduce the costs of treat-
ment, considering the high percentage of spontaneous 
recovery in these children.
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