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Background: Developmental dysplasia of the hip (DDH), which
encompasses a wide spectrum of disease from mild dysplasia
to frank dislocation, is one of the most common developmental
deformities of the lower extremities and one of the leading causes
of future osteoarthritis and hip arthroplasty. Legg-Calvé-Perthes
disease (LCPD) results from a vascular insult to the growing
femoral epiphysis, which in turn can create permanent morpho-
logic changes to the hip joint. Slipped capital femoral epiphysis
(SCFE) occurs when the proximal femoral physis fails allowing the
epiphysis to displace in relation to the metaphysis. Infections about
the hip also create significant morbidity in the pediatric hip.
Methods: We searched the PubMed database for all studies related
to DDH, LCPD, SCFE, and pediatric hip infections that were
published between July 1, 2014 and August 31, 2017. The search was
limited to English articles and yielded 839 papers. This project was
initiated by the Pediatric Orthopaedic Society of North America
Publications Committee and was reviewed and approved by the
Pediatric Orthopaedic Society of North America Presidential Line.
Results: A total of 40 papers were selected for review based upon
new and significant findings. Select historical manuscripts are
also included to provide sufficient background information.
Conclusions: DDH, LCPD, SCFE, and infections about the hip
continue to be important topics in pediatric orthopaedics and areas
of vital research. This manuscript reviews the most important
recent literature on the diagnosis and treatment of these pediatric
hip conditions.
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Infantile developmental dysplasia of the hip (DDH) en-
compasses a wide spectrum of disease from mild dysplasia
of the acetabulum to frank dislocation of the hip joint, and is
one of the most common developmental deformities of the
lower extremity. Legg-Calvé-Perthes disease (LCPD) refers
to idiopathic avascular necrosis (AVN) of the proximal
femoral epiphysis in a growing child, and continues to be an
area of treatment controversy. Slipped capital femoral epi-
physis (SCFE) occurs when the proximal femoral epiphysis
displaces in relation to the metaphysis through failure of the
physis. Morbidity can result from osteonecrosis (for unstable
slips) and/or morphologic changes to the proximal femur
that limit functional range of motion and create impinge-
ment. Bony or soft tissue infections can also be a source of
significant morbidity in the pediatric hip.

The “What’s New in ...” series of articles in the
Journal of Pediatric Orthopaedics has been endorsed by
the POSNA Presidential Line. Authors have been vetted
by the POSNA Publications Committee to provide experts
in each subspecialty area and to minimize any potential
personal conflicts of interest. All review articles of this
type undergo the full journal review process to ensure the
highest quality information.

METHODS

This project was initiated by the Pediatric Orthopaedic
Society of North America Publications Committee. The
manuscript was reviewed and approved by the Pediatric
Orthopaedic Society of North America Presidential Line
before submission to this journal to insure a consistent and
uniform message from the Society on this topic. To conduct
this review, we searched the PubMed database for the
following terms: dysplasia, hip, congenital, perthes, DDH,
Legg-Calvé-Perthes, slipped capital femoral epiphysis, slipped
upper femoral epiphysis, SCFE, pediatric septic hip, septic
arthritis, osteomyelitis, and hip infection. Papers between July
1, 2014 and August 31, 2017. The search was limited to
English articles and yielded 839 papers. Of these studies, 40
were identified as having contributed important new findings.

RESULTS

DDH

Developmental dysplasia of the infant hip (DDH)
continues to be a focus of much research, with several
studies reviewing risk factors, radiographic work-up,
management, and long-term effects. With regards to ul-
trasound screening in preterm infants, Lee et al' found low
rates of ultrasonographic DDH in infants <32 weeks
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gestational age (2%), and all findings normalized on fol-
low-up ultrasound, suggesting that routine screening of
preterm infants should not necessarily be performed.
Multiple authors also compared the Tonnis classification
to a new radiographic classification proposed by the In-
ternational Hip Dysplasia Institute (IHDI) for infants
with DDH. Both Ramo et al? and Miao et al® found that
the THDI classification was easier to use with better in-
terrater agreement while still maintaining prognostic im-
plications for treatment.

Pavlik harness (PH) treatment has also been reviewed in
the recent literature. A multicenter prospective trial evaluating
the use of brace treatment found an overall success rate of
79% for dislocated hips. A majority of the hips were treated
using a PH (93%), and risk factors for failure included the
development of a femoral nerve palsy, use of a static brace, a
clinically irreducible hip on presentation, initiating treatment
after 7 weeks, Graf IV severity (dislocated hip with labrum
displaced downward and alpha angle <43 degrees), and right
sided hip dislocations.* Ortolani positive hips under 6 months
of age were also retrospectively reviewed and showed
no difference in success rates for patients wearing the harness
full time (never removing the harness) versus 23 h/d, or any
difference in success rates for patients with weekly follow-up
versus those seen once or twice during the first 4 weeks of
treatment.” With regards to timing of PH treatment, Larson
et al® reviewed all hips with ultrasonographic DDH and
examination findings of instability and showed no difference
in failure rates for PH treatment when initiated before or after
30 days suggesting that there is no downside to waitin%
30 days to institute treatment. However, Omeroglu et al
showed that PH treatment became less effective in children
with increasing age, noting a 4-month threshold after which
initiating treatment increased the risk of failure. Novais et al®
also analyzed potential reasons for PH failure and found that
treatment failed in 27% of their Ortolani positive hips with
Graf IV class being an independent risk factor for failure of
treatment.

Multiple authors also reviewed surgical treatment
for DDH. In a prospective study by the THDI across 7
institutions, Sankar and colleagues reviewed 87 hips that
underwent an attempt at closed reduction in the operating
room. Thirty-one of 87 (36%) had failed previous treat-
ment with harness or brace while 64% had no previous
treatment. The authors showed 9% of the hips could not
be reduced initially and for the remaining 79 hips, 7 hips
(9%) went on to redislocate between 1 and 6 months
postoperatively. In addition, of the 72 hips that were
successfully treated with closed reduction, 25% developed
evidence of AVN at a median of 22-month follow-up. The
authors also found that 11% of the successful closed re-
ductions went on to have osteotomies of the acetabulum
and/or femur for residual dysplasia.” In another study,
Schur et al'® found a 35% AVN rate (29/82 hips) after
closed reduction and spica casting at 5-year follow-up,
although the authors did not comment on the grading or
staging of AVN. Despite those relatively high rates of
AVN, Bradley et al,!! in a systematic review of 538 hips
that had undergone closed reduction, found that the
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overall rate of significant AVN (types II to IV in both the
Kalmachi/MacEwan and Bucholz/Ogden grading schemes)
was only 10% at 7.6-year follow-up. When investigating
whether the presence of an ossific nucleus has an effect on
the rate of AVN following closed reduction, both Chen
et al'> and Niziol et al'® performed meta-analyses that
showed no protective effect for delaying closed reduction
until appearance of the ossific nucleus. With regards to
longer term outcomes in surgically treated hips, Gardner
et al'* showed that there was a relatively high rate of AVN
following medial open reduction at an average follow-up of
10 years, with 32.9% of hips developing at least grade 2
AVN and long-term outcome being unsatisfactory in 26%
of those cases which developed AVN. In addition, in 2
separate studies, Yilmaz and colleagues evaluated the fate of
the iliopsoas muscle in long-term follow-up after open
reduction via medial approach with complete tenotomy. At
an average of 16-year follow-up, they found via magnetic
resonance imaging (MRI) that spontaneous reattachment
occurred in 90% of study subjects.!® They also found flexor
muscle strength was decreased against low resistance but
forceful flexor muscle strength was retained.!®

LCPD

Recent developments in the treatment of LCPD
have focused on improving the assessment and quanti-
fication of epiphyseal involvement, with the goal of
obtaining earlier prognostic information to optimize
treatment and timing for intervention on hips likely to end
up with substantial deformity. The use of perfusion mag-
netic resonance imaging (pMRI), a gadolinium-enhanced
technique that provides qualitative information regarding
epiphyseal blood flow, is being studied as one method of
obtaining earlier prognostic information. Kim et al'” uti-
lized pMRI during initial and early fragmentation stages
and found that both total and lateral third epiphyseal
perfusion were predictive of the ultimate lateral pillar
involvement, potentially allowing for earlier identification
of hips at higher risk for a poor outcome. Another study
utilizing pMRI was performed to assess revascularization
of the femoral head with serial pMRI.!8 Results demon-
strated that revascularization proceeded in a common
pattern, beginning at the periphery of the epiphysis and
converging toward the anterocentral region with time, con-
firming previous studies performed with scintigraphy.!®?
While the indications for pMRI in Perthes disease are still
being defined, the ability to better understand the natural
history of this condition and the underlying pathomechan-
isms that result in revascularization of the femoral epiphysis
ultimately may improve our understanding and ability to
treat this condition.

In addition to imaging advancements in the evalu-
ation of epiphyseal perfusion, investigators have also been
able to quantitate hip inflammation and correlate this with
levels of synovial inflammatory cytokines.?! Utilizing se-
rial pMRIs, the authors found that total synovial volume
in patients with Perthes disease increased 5-fold on aver-
age, and interleukin-6 was correspondingly elevated in
affected hips. These findings are significant because of the
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strong correlation between interleukin-6 and bone resorption
in other inflammatory conditions. Further study is needed to
understand the implications of proinflammatory cytokines
and the bony resorption that occurs during the fragmentation
stage of Perthes discase.

Many studies have focused on evaluating outcomes
of Perthes hips following both operative and nonoperative
management. One study evaluated treatment with varus
derotational osteotomy (VDRO) at a mean of 42.5 years
of follow-up.?> The authors evaluated a number of vari-
ables, in an attempt to identify predictors of improved
radiographic and patient-reported outcomes at long-term
follow-up after VDRO. The authors identified that across
patients treated with VDRO, those with Stulberg class I or
II hips had significantly better long-term outcomes than
those with Stulberg classes I1I to V. Patients with Stulberg
I or II hips were more likely to have had VDRO at a
younger age (6.88 vs. 8.76y) and were associated with
better Harris hip scores (93.2 vs. 56.5) and SF-36 scores
(85.5 vs. 55.4). The long-term follow-up of Perthes pa-
tients demonstrates the validity of Stulberg classification
at skeletal maturity and correlation with long-term
outcomes.

Intermediate-term outcomes were evaluated after
combined pelvic and femoral osteotomies in patients with
LCPD.?} Sixty-nine patients underwent the combined
procedures with mean follow-up of 10.8 years. While mean
Harris hip score was 90 and 87% of patients reported an
excellent or good clinical result, these results are similar to
patients who underwent either a pelvic or a proximal fem-
oral osteotomy alone. In addition, only 52% of patients with
a double osteotomy had good radiographic outcome at
skeletal maturity (Stulberg classes 1 and II), further high-
lighting the challenge of identifying the patients who will
benefit from surgical intervention. Additional work evalu-
ating radiographic outcomes for patients with LCPD diag-
nosed before age 6 was reviewed.”* With a mean age at
diagnosis of 4.5 years, the authors showed 63% of hips in
this young cohort to have a good radiographic outcome
(Stulberg classes I and II) at 9.5 years average follow-up.
Predictors for a better radiographic outcome were main-
tained abduction and lateral pillar A or B classification,
underscoring both the substantial remodeling potential in
younger patients with Perthes and the improved prognosis
for patients who maintain hip abduction over 30 degrees.

SCFE

Obesity is an established risk factor for SCFE.>>%7
This is supported by recent population based studies in
Sweden and the UK,2%2° which have reaffirmed the im-
portance of targeted prevention in this area. Given the link
between obesity and leptin resistance, and the pathologic
similarities seen in the hypertrophic zone of the physis
between SCFE and those with elevated leptin, Halverson
et al®® hypothesized a relationship between leptin and
SCFE. The authors prospectively studied the association;
in a multivariate regression model combining leptin level,
obesity status, race, and sex, elevated leptin remained
the only patient factor independently associated with a
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significantly increased odds of developing a SCFE (odds
ratio, 4.93; 95% confidence interval, 1.31-18.48; P <0.02).
Future research to elucidate the clinical utility of this
factor in prevention or prognostication is needed.

AVN is a dreaded complication of SCFE, and
monitoring of epiphyseal perfusion has become of interest
for both open realignment and in situ pinning of unstable
slips. In a descriptive study by Jackson et al,3! 9 patients
underwent modified Dunn for unstable SCFE with
prereduction and postreduction angiography and intra-
operative perfusion monitoring via intracranial pressure
(ICP) probe. Six patients had no perfusion on preoperative
angiography—4 had blood flow restored on postoperative
angiography. These patients all showed positive ICP
waveforms. Of the 2 patients who had no blood flow on
postoperative angiography, 1 had no ICP waveform and
developed AVN. However, one patient went on to AVN
after both angiography and ICP monitoring indicated
restoration of blood flow. No patients with blood flow
on the preoperative angiography developed AVN and all
these patients showed perfusion with ICP monitoring
postreduction. These results suggest that ICP monitoring
is a useful method for monitoring epiphyseal perfusion
postcapital realignment and may offer feedback regarding
iatrogenic changes in blood flow. However, presence of an
ICP waveform did not guarantee AVN would not develop
and the results must be interpreted in the context of the
small sample size of the case series.

Furthering the evidence for perfusion monitoring, a
comparison of intraoperative monitoring by epiphyseal
drill hole bleeding vs. ICP monitoring either precapital or
postcapital realignment in 29 patients revealed no differ-
ence in accuracy as determined by the area under the re-
ceiver operating curve for each.3? Descriptive assessment
found bleeding after fixation had excellent (100%) speci-
ficity, whereas ICP monitoring before retinacular dis-
section had good sensitivity (67%) for determining which
hips would develop osteonecrosis.>

Schrader et al®3 described a novel technique for
monitoring perfusion during percutaneous screw insertion
by inserting an ICP probe through the cannulated screw.
Twenty-six patients were followed; all stable hips and 7/13
unstable hips had blood flow as indicated by a pulsatile
waveform after initial pinning in situ. The 6 unstable hips
with no waveform initially had pulsatile flow restored after
percutaneous capsular decompression. At mean 1.9-year
follow-up no cases of osteonecrosis were reported. The
objective data on perfusion provided by this novel tech-
nique may aid intraoperative decision making during
in situ fixation of unstable slips and may allow for pur-
poseful closed reduction maneuvers to be performed in a
safer manner.

The modified Dunn procedure remains a con-
troversial treatment option for unstable or severe SCFE.
The Bernese group has reported success with the modified
Dunn with an AVN rate of only 2% overall,>* and recently
presented 10-year follow-up of 42 patients with cumulative
survivorship of 93%. In contrast, 2 recent studies from the
United States highlighted the risks associated with this
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procedure including iatrogenic hip instability.?>-3¢ Upasani
et al®® found a 4% incidence of anterolateral hip instability
after modified Dunn in a multicenter review of 406 hips,
with 14/17 patients with instability developing AVN. Davis
et al®> reviewed a cohort of 17 stable slips and found 3 that
developed hip instability after modified Dunn, all of which
developed AVN. The overall rate of AVN in this stable
slip cohort treated by modified Dunn was significantly
higher (29.3%) than a previously reviewed cohort of
31 unstable slips (6%).37 While conclusions regarding the
cause of AVN in patients with iatrogenic hip instability
after modified Dunn is not possible based on these ret-
rospective reports, the morbidity seen with instability
warrants further review.

Few comparative studies of modified Dunn versus
in situ pinning are found in the literature. Recent short-
term results comparing these 2 procedures in 30 stable
slips found a similar rate of complications, including 1
case of AVN in the minimum I-year follow-up period in
each group. However, the modified Dunn was superior in
terms of radiographic and clinical outcome scores with a
lower risk of reoperation.’® Which technique is superior,
and for what magnitude and classification of slips, is
still unknown as SCFE treatment continues to evolve and
results vary. Increased sample sizes and scientific rigor
through multicenter, comparative collaborations may help
elucidate evidence-based treatment algorithms moving
forward.

Infection

Hip infections and those of the surrounding pelvis
and femoral region in the pediatric population continue to
be important areas of current research. The most common
community acquired microorganism in pediatric septic
arthritis continues to be methicillin sensitive Staphylococcus
aureus, while resistant gram-negative bacilli including
Escherichia coli and Klebsiella are the predominant pathogens
causing hospital acquired joints infections.>®

Several recent studies have examined the relationship
between septic arthritis and coexisting osteomyelitis.*>* A
recent study reviewed the incidence of osteomyelitis in pa-
tients with a clinical suspicion for septic arthritis of the hip
and offered risk factors for predicting the presence of peri-
articular infection. In their series of 71 patients with 3 or 4
positive Kocher criteria, 22.5% (n=16) had a diagnosis of
septic arthritis and 47.9% (n=34) had a diagnosis of os-
teomyelitis. When a hip effusion was identified on ultra-
sound, 18.9% (7/37) had isolated septic arthritis, 18.9% (7/
37) had isolated osteomyelitis, and 24.3% had combined
septic arthritis and underlying osteomyelitis.*> Of those
patients with osteomyelitis, 56.4% occurred in the pelvis
while 20.5% of cases were found in the proximal femur. The
authors suggest that MRI should be strongly considered
during the initial work-up of any patient with presumed
septic arthritis because of the high rate of coexisting osteo-
myelitis. Another study, however, found that ordering ad-
vanced imaging on a case-by-case basis (based on an
individual patient’s clinical response after surgical drainage
of septic hip arthritis) did not compromise the treatment
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course.*> The role of femoral aspiration in treatment of
septic arthritis is controversial, and although a recent study
found it did not improve microorganism identification, it
did aid in the diagnosis of concurrent osteomyelitis when
treating septic arthritis especially with false negative MRI.*

Septic hip arthritis traditionally is treated by surgical
drainage by emergent open arthrotomy and lavage.**
Recent studies have suggested that hip arthroscopy or repeat
hip aspirations (RHA) may have a role. One study showed
favorable results from repeated aspirations in a series
of 42 patients: 33 patients ages 6 months to 16 years old
responded to RHA while 9 patients ages 7 months to
13.7 years required surgical drainage. There was no long
term morbidity observed for any child in that study with no
evidence of AVN of the femoral head. However, the authors
suggested that age older than 10 years may be a cutoff for
attempting RHAsS; older children had a 57% failure rate to
serial aspiration and required formal open arthrotomy ver-
sus 14% for those younger than 10 years of age.** With
regards to using arthroscopy for septic arthritis of the hip
in children, one group reported their series of 12 patients
ages 19 months to 12 years. Two patients required repeat
arthroscopy and two showed radiographic changes of AVN
at follow-up.*

CONCLUSIONS

DDH, LCPD, SCFE, and infections about the hip
continue to be important topics in pediatric orthopaedics
and the areas of important research. In DDH, recent studies
have focused on the indications and success rates for PH
treatment as well as the risk factors for developing osteo-
necrosis following closed or open reduction. Over the past
few years, research in the area of LCPD has focused on the
role and prognostic importance of perfusion MRI for early
stage disease and the longer-term results of various forms of
containment treatment. Intraoperative monitoring of fem-
oral head perfusion has been an important area of research
in SCFE as well as its implications for surgical treatment.
Finally, several recent studies have explored the risk factors
for coexisting osteomyelitis in the setting of septic arthritis
and the potential role for MRI during the early diagnostic
work-up for this condition.
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