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Background: Worldwide a wide variation exists in duration of
Pavlik harness treatment for infants up to 6 months with stable
developmental dysplasia of the hip (DDH). The purpose of this
study was to evaluate whether shortening the time to first routine
follow-up ultrasound after initiation of Pavlik harness treatment
would reduce treatment duration and whether this influenced
radiologic outcome at 1 year of age. Furthermore, predictors of
higher acetabular index (AI) at 1 year of age were investigated.
Methods: A retrospective study was conducted in infants with stable
DDH (Graf IIb and IIc) diagnosed and treated between 2015 and
2017. Two groups were identified: first routine follow-up ultrasound
at 12 weeks after Pavlik harness initiation (group I) and first routine
follow-up ultrasound at 6 weeks after Pavlik harness initiation (group
II). In both groups, treatment was continued until repeat ultrasound
measurements (every 6wk) showed a normalized hip. Radiologic
outcome at 1 year of age was defined as residual dysplasia measured
on an anteroposterior hip radiograph according to the Tönnis table.
Results: A total of 222 infants were included. The median time of
Pavlik harness treatment was 12 weeks (interquartile range, 11.9
to 12.3) in group I compared with 6.1 weeks (interquartile range,
6.0 to 7.5) in group II (P< 0.001). Residual dysplasia at 1 year of
age was detected in 20 infants (16.8%) in group I compared with
11 infants (10.7%) in group II (P= 0.189). The multivariable
prediction model showed that positive family history and lower
baseline alpha angle correlate with a higher AI at 1 year of age.

Conclusions: First routine follow-up ultrasound can be safely
brought forward from 12 to 6 weeks after Pavlik harness ini-
tiation. Furthermore, infants with a positive family history for
DDH and an initial low alpha angle are at higher risk to have a
higher AI at 1 year of age.
Level of Evidence: Level III—retrospective study.
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Developmental dysplasia of the hip (DDH) is one of the
most common disorders in the pediatric population.

Annual incidence of DDH ranges between 1% and 4% in
infants up to 6 months of age in The Netherlands.1 General
risk factors for DDH are female gender, positive family his-
tory for DDH, breech birth, and swaddling of the child.2,3

Early identification and treatment are important, as untreated
DDH might cause cartilage damage leading to osteoarthritis
in early adulthood.4

Worldwide different screening programs for DDH
have been introduced.5 The Dutch youth health care DDH
guideline recommends ultrasound screening to be performed
at the age of 3 months in infants with certain risk factors for
DDH (positive family history of DDH or breech position
>32wk of pregnancy) or abnormalities during physical
examination.6 Once diagnosed with DDH by an orthopaedic
surgeon, treatment of choice in the first 6 months of life
consists of a dynamic flexion abduction device such as the
Pavlik harness.7,8 Pavlik harness treatment is one of the most
effective treatment modalities for stable DDH in infants be-
low 6 months of age with a success rate of up to 85%.9,10

Optimal duration of treatment remains controversial for pa-
tients with stable dysplastic hips (Graf IIb and IIc). A
worldwide survey among orthopaedic surgeons showed that
the most frequent duration of Pavlik harness usage was 12
weeks for those who based treatment on a predefined
duration.11 Recently, a treatment algorithm for the treatment
of DDH with the Pavlik harness was proposed, which stated
that Graf IIb and IIc hips should be treated by a dynamic
abduction device for a maximum duration of 8 weeks.7 A
survey among Dutch orthopaedic surgeons revealed a median
treatment time of 2 months with the Pavlik harness in children
up to 6 months of age.12 Shortening Pavlik harness treatment
duration could be beneficial to reduce the treatment burden
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for patients and their families. As a consequence, the risk of
dynamic abduction device complications such as avascular
necrosis (AVN) and femoral nerve palsy might be
diminished.13,14 As no comparative studies on long-term
results of the different treatment algorithms with Pavlik harness
are available, the optimal approach is still to be determined.

Because the ideal timing for repeat ultrasound after the
start of Pavlik harness treatment for stable DDH is unknown
and potentially influence treatment duration, the present study
was conducted. We aimed to evaluate whether a first follow-
up ultrasound at 6 weeks after initiation of Pavlik harness
treatment instead of after 12 weeks reduced treatment dura-
tion. Furthermore, we aimed to analyze whether this protocol
change influenced the percentage of infants with residual
dysplasia at 1 year of age. We hypothesized that the protocol
change reduced treatment duration without influencing ra-
diologic outcome at 1 year of age. Moreover, in an ex-
ploratory analysis, we looked for potential predictors of a
high acetabular index (AI) at 1 year of age as a measure of
residual dysplasia.

METHODS
A retrospective study was conducted on infants who

were evaluated for DDH at the Máxima MC (Veldhoven,
The Netherlands) between 2015 and 2017. In line with the
Dutch DDH guideline, infants with certain risk factors for
DDH (positive family history for DDH or hip osteoarthritis
less than 50 y of age or breech position >32wk of pregnancy)
or abnormalities on physical examination (hip abduction <70
degrees or side to side hip abduction difference ≥20 degrees)
were referred to the pediatric orthopaedic surgeon at the age
of 3 months.6 In case of premature birth, the referral age was
corrected by calculating the chronological age in weeks minus
the number of weeks of prematurity. All referred infants were
screened with ultrasound imaging by trained radiologists and
at presentation at the Máxima MC physically examined
and classified according to the Graf classification by one of
3 pediatric orthopaedic surgeons.15 Inclusion criteria for this
study were corrected age between 3 and 4 months at the
moment of first hip ultrasound, stable DDH (Graf IIb or IIc)
on ultrasonographic imaging, and treated with a Pavlik har-
ness. Both infants with unilateral and bilateral stable DDH
were eligible for inclusion. Infants over 4 months of age and
infants with syndromic disorders were excluded. Infants who
missed ultrasonographic confirmation of a normalized hip or
1-year follow-up were removed from this study. The Medical
Ethical Committee at the Máxima MC approved the ex-
ecution of this study (METC 2019-006).

Halfway through 2016, the Máxima MC treatment
protocol for stable DDH was altered, in line with Dutch
consensus on treatment of DDH. The timing of the first
follow-up ultrasound measurement was brought forward
from 12 to 6 weeks after initiation of Pavlik harness
treatment. The rest of the treatment protocol remained
unchanged with the advice to wear the Pavlik harness for a
minimum of 23 hours a day.

In infants who met the inclusion criteria, 2 groups
were identified. The first group included infants with a first

follow-up ultrasound after 12 weeks of Pavlik harness ini-
tiation. The second group included infants with a first follow-
up ultrasound after 6 weeks of Pavlik harness initiation. After
2 weeks, a routine follow-up appointment in the hospital was
scheduled for adjustment of the Pavlik harness by a specialized
pediatric nurse. In both groups, ultrasound examination was
repeated every 6 weeks, and treatment was continued until
routine follow-up ultrasound measurements showed a nor-
malized hip (Graf type I). In the case of bilateral stable DDH,
Pavlik harness treatment was continued until both hips nor-
malized on ultrasonographic imaging. In both groups, a rou-
tine outpatient visit with an anteroposterior pelvic radiograph
was scheduled at 1 year of age.

Patient charts were retrospectively reviewed. Patient
characteristics (birth date, firstborn child, cesarean section,
preterm birth, and twins), affected hip (left, right, or bilateral),
general risk factors for DDH2,3 (gender, positive family his-
tory in first-/second-degree relative for DDH or hip osteo-
arthritis less than 50 years of age, breech presentation >32
weeks of pregnancy and swaddling of the child), and physical
examination [abduction in degrees, leg length discrepancy
(Galeazzi test), Barlow and Ortolani sign] were collected from
the infants’ medical file. Ultrasound examination was per-
formed by trained radiologists and classified by 1 specifically
trained researcher and 1 specifically trained orthopaedic resi-
dent, based on the Graf classification (α-angle, β-angle, and
bony rim).15 At routine follow-up appointments, physical
examination (abduction in degrees) and ultrasound exami-
nation were repeated. At the 1-year follow-up appointment,
physical examination (abduction in degrees) and an ante-
roposterior pelvic radiograph [Shenton’s line, AI and Inter-
national Hip Dysplasia Institute (IHDI) classification] were
performed.16 Treatment duration was rated as the total
amount of weeks spent in the Pavlik harness. The success rate
at 1 year of age was defined as the percentage of infants
without residual dysplasia on the anteroposterior pelvic ra-
diograph. Residual dysplasia was based on the AI and defined
as an AI >2 SD above the value expected for the age, gender,
and side, as defined by Tönnis; mild residual dysplasia was
defined as an AI 1 to 2 SD.17 Medical records and radio-
graphs were reviewed to monitor complications such as AVN
and femoral nerve palsy. The Kalamchi-MacEwen classi-
fication system was used to determine the rate of AVN.18

Statistical analysis was conducted using SPSS Statistics
V.22.0 (IBM Corp, Armonk, NY). Baseline characteristics
were presented as mean with SDs for continuous variables and
counts with percentages for discrete variables. Descriptive
statistics were calculated for baseline characteristics of all in-
fants in group I, first follow-up ultrasound at 12 weeks, and
group II, first follow-up ultrasound at 6 weeks. Unpaired
sample t test and χ2 test were used to compare baseline char-
acteristics between the subgroups. The assumption of nor-
mality was checked with the Kolmogorov-Smirnov test and a
scatterplot was used to visualize the distribution. To examine
whether the protocol change reduced treatment duration, we
performed a Mann-Whitney U test. A χ2 test was used to
compare (mild) residual dysplasia, Shenton’s line, and IHDI
grade at 1 year of age between the 2 groups. To identify pre-
dictors for residual dysplasia at 1 year of age, linear regression

Theunissen et al J Pediatr Orthop � Volume 41, Number 4, April 2021

204 | www.pedorthopaedics.com Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.



analysis was performed. AI at 1 year of age was chosen as a
dependent variable. As independent variables, we included
affected side, gender, family history of DDH in first-degree or
second-degree relative, breech position >32 weeks of preg-
nancy, firstborn child, swaddling, twins, alpha angle at an in-
itial ultrasound, and duration of treatment. First, univariable
linear regression analysis was performed with a significance set
at a P<0.05. Subsequently, significant variables from the
univariable linear regression analysis were applied in a multi-
variable linear regression analysis. A statistical significance
level was set at P<0.05

RESULTS
During the study period, a total of 270 infants were

diagnosed with DDH. Of this series, 222 infants met the in-
clusion and exclusion criteria. The first group, including in-
fants with the first follow-up ultrasound after 12 weeks of
Pavlik harness initiation, consisted of 119 infants. The second
group, including infants with the first follow-up ultrasound
after 6 weeks of Pavlik harness initiation, was composed of
103 infants (Fig. 1). The baseline characteristics of the study
population are reported in Table 1. The mean age of the first
hip ultrasound was at 3.6±0.5 months. The vast majority of
the infants were female (83%) and a predominance of left-
sided DDH (56%) was seen. Graf IIb (85%) was observed
more frequently than Graf IIc (15%). Regarding baseline
characteristics, no significant differences between the 2 groups
were present (P>0.05).

Treatment Duration in Pavlik Harness
The DDH protocol change led to a decrease in the

time spent in the Pavlik harness. The median time of
Pavlik harness treatment was 12.0 weeks (interquartile

range, 11.9 to 12.3) in the group with the first follow-up
ultrasound at 12 weeks compared with 6.1 weeks (inter-
quartile range, 6.0 to 7.5) in the group with the first follow-
up ultrasound at 6 weeks after Pavlik harness treatment
(P< 0.001). In the group with the first follow-up ultra-
sound at 12 weeks after Pavlik harness treatment ini-
tiation, 109 infants (91.6%) normalized to Graf I after

TABLE 1. Baseline Characteristics of the Study Population
First Ultrasound at
12 wk (N= 119)

First Ultrasound at
6 wk (N= 103) P

Age first
ultrasound, mo

3.6± 0.5 3.5 ± 0.5 0.59

Sex 0.95
Female 99 (83%) 86 (83%)

Affected side 0.05
Right 44 (37%) 23 (22%)
Left 58 (49%) 66 (64%)
Bilateral 17 (14%) 14 (14%)

Family history
of DDH

59 (50%) 45 (44%) 0.38

Breech position 41 (34%) 50 (49%) 0.10
First born child 35 (29%) 45 (44%) 0.08
Cesarean section 11 (9%) 6 (6%) 0.26
Preterm birth
(< 37 wk)

4 (3%) 0 (0%) 0.06

Twins 2 (2%) 2 (2%) 0.94
Swaddling 0 (0%) 1 (1%) 0.30
Graf type 0.10
Graf type IIb 97 (82%) 92 (89%)
Graf type IIc 22 (18%) 11 (11%)

Alpha angle,
degrees

53.1± 4.6 54.2± 3.9 0.07

Data presented as n (%) or mean± SD.
DDH indicates developmental dysplasia of the hip.

Infants diagnosed with DDH
n=270

Excluded n=48
Primary ultrasound made at age <3 months n=20
or >4months
Graf type III n=4
No repeat ultrasound available n=2
No X-ray at 1-year available n=22

Included Graf IIb and IIc DDH infants
n=222

Group II
6 weeks group

n=103

Group I
12 weeks group

n=119

FIGURE 1. Flowchart of selected infants with stable developmental dysplasia of the hip (DDH) divided into 2 groups.
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12 weeks of treatment, whereas 9 infants (7.6%) normal-
ized after 18 weeks and 1 infant (0.8%) after 24 weeks of
treatment. In the group with the first follow-up ultrasound
at 6 weeks after Pavlik harness treatment initiation, 84
infants (81.6%) normalized to Graf I after 6 weeks of
treatment, whereas 18 infants (17.5%) normalized after 12
weeks and 1 infant (0.9%) after 18 weeks of treatment.

Residual Dysplasia
Residual dysplasia at 1 year of age was detected in

31 infants (14%); 20 infants (16.8%) in the 12 weeks control
ultrasound group and 11 infants (10.7%) in the 6 weeks
control ultrasound group. No statistically significant differ-
ence was seen after DDH treatment protocol change in terms
of residual dysplasia (P=0.189). Also, in other radiologic
parameters related to treatment success, no differences
between the 2 groups were seen (Table 2).

Complications
One case of AVN of the femoral head was seen

(grade I). This patient had a Pavlik harness treatment
duration of 18 weeks, after an initial first follow-up ultrasound
after 6 weeks of treatment. AVN was detected after Pavlik
harness treatment at the age of 1 year and a wait-and-see
policy was initiated.

Prediction of AI at 1 Year of Age
In the univariable linear regression analysis, positive

family history for DDH (P= 0.04) and low pretreatment
alpha angle (P= 0.03) were seen as significant predictors
for a higher AI at 1 year of age (Table 3). Subsequently,
these 2 variables were added into a multivariable model,
where both positive family history for DDH (P= 0.03)
and low pretreatment alpha angle (P= 0.02) remained
significant predictor variables. The multivariable model,
containing these 2 variables, had an R2 of 0.043.

DISCUSSION
The main finding of the present study is that the first

routine follow-up ultrasound can be safely brought
forward from 12 weeks to 6 weeks after Pavlik harness
initiation. This protocol change leads to a decrease of time
spent in the Pavlik harness with comparable numbers of
residual dysplasia at 1 year of age. In addition, we showed
that infants with a positive family history for DDH and a
low alpha angle at initial ultrasound are predisposed to a
higher AI at 1 year of age.

Evidence on optimal treatment duration with the Pavlik
harness of infants with stable DDH is lacking. The change in
treatment protocol in the Máxima MC, in which the ultra-
sonographic monitoring was brought forward from 12 weeks
to 6 weeks after Pavlik harness treatment initiation, was in-
troduced halfway through 2016. A survey in 2018 among
Pediatric Orthopaedic Society of North America and Euro-
pean Pediatric Orthopaedic Society members revealed that
respondents who treat on a predefined duration, the most
frequent treatment duration was 12 weeks.11 Based on a re-
cent qualitative study addressing expert opinion, a group of
worldwide experts on DDH advised a minimum of 6 weeks of
Pavlik harness treatment in stable DDH, with ultrasound
monitoring every 4 to 6 weeks.19 The present study shows
that the change in treatment protocol in the Máxima MC
led to a significant decrease of time spent in the Pavlik
harness with a constant number of residual dysplasia at
1 year of age. As the protocol change was introduced at a
specific point in time, namely July 1, 2016, selection bias
was avoided. Our study shows that the first follow-up ultra-
sound can safely be brought forward from 12 weeks to 6 weeks

TABLE 2. Radiological Outcomes at 1 Year of Age
First Ultrasound

at 12 wk
First Ultrasound

at 6 wk P

Residual dysplasia 20 (16.8%) 11 (10.7%) 0.189
Mild residual
dysplasia

33 (27.7%) 32 (31.1%) 0.586

Mean Acetabular
Index (deg.)

24.8± 4.2 25.2± 4.0 0.471

Shenton’s line
disrupted

21 (17.6%) 16 (15.5%) 0.674

IHDI classification 0.351
Grade I 111 (93.3%) 99 (96.1%)
Grade II 8 (6.7%) 4 (3.9%)
Grade III 0 (0%) 0 (0%)
Grade IV 0 (0%) 0 (0%)

Values reported as n (%) or mean± SD.
IHDI indicates International Hip Dysplasia Institute.

TABLE 3. Predictors of Higher Acetabular Index at 1 Year of Age
Univariable Analysis Multivariable Analysis

Regression
Coefficient (95% CI) P

Regression
Coefficient (95% CI) P

Bilateral DDH 1.49 (−0.10 to 3.08) 0.07 — —
Sex male −1.33 (−2.76 to 0.11) 0.07 — —
Family history 1.09 (0.01 to 2.16) 0.04 1.23 (0.16 to 2.30) 0.03
Breech position −0.31 (−1.42 to 0.80) 0.59 — —
First born −0.19 (−1.38 to 0.99) 0.75 — —
Swaddling 0.86 (−7.28 to 8.99) 0.84 — —
Twin −2.95 (−7.02 to 1.13) 0.16 — —
Alpha angle −0.13 (−0.26 to −0.01) 0.03 −0.15 (−0.27 to −0.03) 0.02
Duration treatment 0.02 (−0.15 to 0.18) 0.86 — —

CI indicates confidence interval; DDH, developmental dysplasia of the hip.
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without influencing radiologic outcome at 1 year of age and
without affecting complication rates.

Worldwide Pavlik harness treatment has gained
widespread acceptance. Nevertheless, residual acetabular
dysplasia develops in 12% of infants at 1 year of age, who
achieve a normalized hip (Graf type I) on ultrasound
measurements after Pavlik harness treatment.20 Identi-
fication of the subset of infants who develop residual
dysplasia despite adequate treatment is essential because
of its association with decreased family satisfaction and
osteoarthritis in early adulthood. Therefore, it is of major
importance to look for potential predictors for residual
dysplasia to intervene in an early stage and to determine a
defined follow-up protocol for this subset of infants.
Limited research has been performed on predictors of a
high AI at 1 year of age in stable DDH. Novais et al20

reported that infants with Graf type IV at diagnosis were
at higher risk of residual dysplasia at 1 year of age. In
addition, Alexiev et al21 mentioned an alpha angle < 43
degrees at initial ultrasound as a potential predictor for
residual dysplasia after 5 years of follow-up. The main
differences compared with our study were the mean
starting age of Pavlik harness treatment at 16 days of age,
mean duration of treatment of 8 weeks, and a more severe
Graf subtype that is associated with a higher chance
of residual dysplasia at later age. Still, our results are in
line with this study regarding the initial alpha angle as a
predictor for residual dysplasia. The lower the alpha angle
before treatment, the higher the AI at 1 year of age. We
did not identify a specific cutoff value, but in general, this
suggests that Graf IIc hips are at higher risk of residual
dysplasia compared with Graf IIb hips. Lerman et al22

indicated bilateral DDH as a potential predictor for
Pavlik harness treatment failure. In the present study, bi-
lateral DDH did not show to be a significant predictor for
a higher AI at 1 year of age. In a larger study population,
bilaterality could potentially be identified as a predictor
for higher AI at 1 year of age.

An important question for future research remains if
treatment by Pavlik harness alters the natural history of
stable dysplastic hips.23 The finding that the duration of
Pavlik treatment does not influence the number of patients
with residual dysplasia adds to this discussion. Recent
research by Pollet and colleagues indicates that Pavlik
treatment is not of added value for well-centered dysplastic
hips, as the vast majority of these hips tend to normalize during
growth.24,25 In contrast, 20% of the stable dysplastic hips in the
study by Pollet and colleagues did eventually received treat-
ment. Furthermore, a considerable proportion of patients with
stable dysplastic hips do develop residual dysplasia.21,26 This is
echoed in the results of the present study. Therefore, there is a
need for a better understanding of the working mechanism of
Pavlik treatment as well as increased ability to separate hips
that would benefit from treatment, from those that will have a
favorable course without. The finding in this study that a
positive family history and an initial low alpha angle are pre-
dictive of a higher AI at follow-up implies that these groups of
patients could belong to a subgroup that does need treatment.
More research on this subject is warranted.

Our study has several limitations. First, we ac-
knowledge that the full success rate of Pavlik treatment
requires long-term follow-up, whereas we focused on re-
sults at 1 year of age. Although long-term follow-up is
desirable, it has been shown that solely 3% of the infants
with normal clinic and radiographic hips at walking age
develop residual dysplasia in early adolescence.20 Still, the
general recommendation is to continue radiographic
monitoring until skeletal maturity.20 Therefore, long-term
follow-up of DDH is warranted. Second, a certain extent
of variability in the measurement of alpha angles on ul-
trasound imaging can affect the results. Previous research
from our research team on a subset of the first 40 patients
included in this study showed excellent intraobserver and
interobserver agreement (ICC= 0.935 and 0.940, re-
spectively). This is in line with previous research on this
subject.27,28

In conclusion, our data suggest that the first routine
follow-up ultrasound can be safely brought forward from 12
weeks to 6 weeks after Pavlik harness initiation in stable
DDH. This leads to a shorter treatment duration that lowers
the treatment burden for patients and parents. Both a pos-
itive family history for DDH and an initial low alpha angle
are risk factors for a higher AI at 1 year of age.

ACKNOWLEDGMENTS
The authors thank Lisa Vos and Bo Ceelen for their

assistance in data acquisition in this study.

REFERENCES
1. Boere-Boonekamp M Screening for developmental dysplasia of the

hip (dissertation). Enschede: University of Twente; 1996.
2. De Hundt M, Vlemmix F, Bais JMJ, et al. Risk factors for

developmental dysplasia of the hip: a meta-analysis. Eur J Obstet
Gynecol Reprod Biol. 2012;165:8–17.

3. Ortiz-Neira CL, Paolucci EO, Donnon T. A meta-analysis of
common risk factors associated with the diagnosis of developmental
dysplasia of the hip in newborns. Eur J Radiol. 2012;81:e344–e351.

4. Cooperman DR. How good is the evidence linking acetabular
dysplasia to osteoarthritis? J Pediatr Orthop. 2019;39:S20–S22.

5. Shorter D, Hong T, Osborn DA. Screening programmes for
developmental dysplasia of the hip in newborn infants. Cochrane
Database Syst Rev. 2011;2011:CD004595.

6. Konijnendijk AAJ, Deurloo JA, Lanting CI, et al. JGZ-richtlijn
Heupdysplasie. JGZ Tijdschr voor Jeugdgezondheidsz. 2018;50:76–81.

7. Ömeroglu H. Treatment of developmental dysplasia of the hip with
the Pavlik harness in children under six months of age: indications,
results and failures. J Child Orthop. 2018;12:308–316.

8. Weinstein SL, Flynn JM. Chapter 23. Developmental hip dysplasia
and dislocation. Lovell and Winter’s Pediatric Orthopaedics, 5th ed.
Philadelphia: Lippincott Williams & Wilkins; 2001:905–956.

9. Cashman JP, Round J, Taylor G, et al. The natural history of
developmental dysplasia of the hip after early supervised treatment in
the Pavlik harness. J Bone Joint Surg Br. 2002;84:418–425.

10. Larson JE, Patel AR, Weatherford B, et al. Timing of Pavlik harness
initiation: can we wait? J Pediatr Orthop. 2019;39:335–338.

11. A lves C, Truong WH, Thompson MV, et al. Diagnostic and treatment
preferences for developmental dysplasia of the hip: a survey of EPOS and
POSNA members. J Child Orthop. 2018;12:236–244.

12. Heeres RHM, Witbreuk MMEH, van der Sluijs JA. Diagnosis and
treatment of developmental dysplasia of the hip in the Netherlands:
National questionnaire of paediatric orthopaedic surgeons on current
practice in children less than 1 year old. J Child Orthop. 2011;5:
267–271.

J Pediatr Orthop � Volume 41, Number 4, April 2021 Ultrasound in Treatment of Stable Hip Dysplasia

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. www.pedorthopaedics.com | 207



13. Pavlik A. The functional method of treatment using a harness with
stirrups as the primary method of conservative therapy for infants
with congenital dislocation of the hip. Clin Orthop Relat Res. 1992;
281:4–10.

14. Murnaghan ML, Browne RH, Sucato DJ, et al. Femoral nerve palsy
in Pavlik harness treatment for developmental dysplasia of the hip. J
Bone Joint Surg Am. 2011;93:493–499.

15. Graf R. Hip Sonography: Diagnosis and Management of Infant Hip
Dysplasia. Berlin, Heidelberg: Springer; 2006.

16. Narayanan U, Mulpuri K, Sankar WN, et al. Reliability of a new
radiographic classification for developmental dysplasia of the hip. J
Pediatr Orthop. 2015;35:478–484.

17. Tönnis D. Normal values of the hip joint for the evaluation of X-rays
in children and adults. Clin Orthop Relat Res. 1976;119:39–47.

18. Kalamchi A, MacEwen GD. Avascular necrosis following treatment
of congenital dislocation of the hip. J Bone Joint Surg. 1980;62:
876–888.

19. Kelley SP, Feeney MM, Maddock CL, et al. Expert-based consensus
on the principles of Pavlik harness management of developmental
dysplasia of the hip. J Bone Joint Surg Open Access. 2019;4:e0054.

20. Novais EN, Sanders J, Kestel LA, et al. Graf type-IV hips have a
higher risk of residual acetabular dysplasia at 1 year of age following
successful Pavlik harness treatment for developmental hip dysplasia.
J Pediatr Orthop. 2018;38:498–502.

21. Alexiev VA, Harcke HT, Kumar SJ. Residual dysplasia after
successful Pavlik harness treatment: early ultrasound predictors. J
Pediatr Orthop. 2006;26:16–23.

22. Lerman JA, Emans JB, Millis MB, et al. Early failure of Pavlik
harness treatment for developmental hip dysplasia: clinical and
ultrasound predictors. J Pediatr Orthop. 2001;21:348–353.

23. R Roovers EA, Boere-Boonekamp MM, Mostert AK, et al. The natural
history of developmental dysplasia of the hip: sonographic findings in
infants of 1-3 months of age. J Pediatr Orthop Part B. 2005;14:325–330.

24. Sakkers R, Pollet V. The natural history of abnormal ultrasound
findings in hips of infants under six months of age. J Child Orthop.
2018;12:302–307.

25. Pollet V, Castelein RM, Van de Sande M, et al. Abduction treatment
in stable hip dysplasia does not alter the acetabular growth: results of
a randomized clinical trial. Sci Rep. 2020;10:9647.

26. Merckaert SR, Pierzchala K, Bregou A, et al. Residual hip dysplasia
in children: Osseous and cartilaginous acetabular angles to guide
further treatment—a pilot study. J Orthop Surg Res. 2019;14:379.

27. Hell AK, Becker JC, Rühmann O, et al. Inter- and intraobserver
reliability in Graf’s sonographic hip examination. Z Orthop Unfall.
2008;146:624–629.

28. Simon EA, Saur F, BuergeM, et al. Inter-observer agreement of ultrasono-
graphic measurement of alpha and beta angles and the final type classifi-
cation based on the Graf method. Swiss Med Wkly. 2004;134:671–677.

Theunissen et al J Pediatr Orthop � Volume 41, Number 4, April 2021

208 | www.pedorthopaedics.com Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.


